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ST]MIIARY

1o This thesis is principatly a stud'y of the

ecological, physiotogical and. behavioural ad'aptations of

Co erenius to its tenuous and. fl-uctuating enviror¡nent"

2o A sectlon on morphology presents a re-d'escriptlon

of tTre speeies, more complete than hitherto given; in

which sexuaL-d.inorphic characters are establis}red'" The

morphological and. meristlc d.ata d'ernonstrate that a slng]e

species is representeo by all- the wld.ely scattered popu-

l-ations o

3. A section on d-lstribution establishes t he i¡r¡1de-

spread occuffence of the species wlthin the Lake Eyre

drainage system, and. i t 1s argued- that floocwaters

probably constitute the effleient dispersal nechanism'

by whieh this is effected-"

4. A sectlon on reprod.uction establ-ishes that breed'ing

occurs in two period.se between october to Novenber and'

January to Apri1. Neither mode of fertillzation nor

any courtship pattern has been establ1shed., but enlarge-

ment of 'rhe anal papilJ-a 1n both Sexes d.unlng the breeding

per1od., suggests this structure may act as a gonopod'ium"

Itisshov¡nthatpopulationbulld.-upcanberapid..

5. A section on population structure, ilensities and'

grov,rth rates establlshes that populations vary greatly in

size and. that density r¡¡ithin the ind-ivid'ualhabit4tma;r d'iff(

narkeilly fro¡r locality to locality, where elthbr sex may

pred-ominateinarLyol].epopu.latlon.Growthisrapid.
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within the flrst six months of life and' maxi¡rum size

attained. at about 12 months. I'lales grow faster thart

females. Those f 1sh born in October-lrTovember probably

breed. next october-November, those born in January-April-

possibly not till the follouilng January-'å'pri1'

6. /i seetion on physical paraneters compares in-habiteiL

and. qn-inhabited- vuaters and. d.iscusses possible thermal and'

ionic factors influencing the occuffence of the specieso

T,arge thermaL and. lonic grad.ients are shoTiln to exist

irlthin the inhabited. range of habitats, in whlch inftabited'

waters a?e shown to be prone to extreinel-y lot¡l oxygen

l_evels. Thermal nefuges and. therma.] acclimations are

d.emonstrated"Remarkabletolerancetochangesin

saì-initY are d-emonstrated-o

7..¡\section.oÏlnon-p}\ysica]-envlrorunenta]-parameters
ind-ica'ces an onnivorous d.iet anO the slgnif icance of

vegetation in the life of the species. Fishes found- in

assoclatícn with C" erenius and. pred.atorY forces are also

d.iscugsed..

So.tsectiononbehaviourd.eserlbesmovementsand.

onientation in water eurnents. A serles of experiments

estaþlishes sensory factors invo]ved. in food Jocation

andfeed.ingoAseriesofresponsestoaspeetsofthe

environmetrt are established'; the fish is negatively

pïrototactic anc. prefers fine-textured. beds regard'less of

colour, Rapid- charíges in bod'y colour, in response to

different backgróund. colour, a7"e d.escribed- anil' shown to
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be lnd.epeniLent of vision" Aetivity patterns based- on

trapping d.ata suggest a possible lunar activity rhytl:m.

Aerial respiratlon 1s d'emonstrated'.

goThed'iscussionconcentratesonthosead.aptive

features whleh appear to Ïrave enabled. the species to

survive and, establish itself in an unstable environ¡rento
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I ]NT.RODUCTION

Chlamyd.osobius gr_enauq (Z¡etz, 1896) l= the only

representati-ve of the fa¡11]y Gobiid.ae know: to inhabit

i¡rraters of the centraf Âustrallan region. Prior to this

stud.y it hað been recond.ed from only two localities, its

morphoJ-ogy was known only superficial-Iy anil nothing was

knov¡n of its biolory other than that it inhabited' bore

waterso

This thesls started- as an investj,gatlon of

aspects of the ecology, physiology and. behaviour of this

animal because ít appeared. to be ad.aptecL to living in the

lnteresting envLronaent formed by artesian bore strea¡'ts

whose saflne waters 'r,'uere known to be sub jeet to f l-uctua-

tions in eomposition, concentration and- ten,penature anfl

to periods of consiil'enable drying up.

Ifoweven,asaresultofmyinitialsurveysit
appeared. that the Same species occr:ryed- much more frequentl

and. over a far more vrld-e-spread area than Was f ormerly

bel-1eved.. Stud-ies of the r:norphology of the d'iffenent

popufations confirmed. the wlde-spread- occurrence of thls

one species and. pronpted. an investigation of its apparentl¡

efficient means of d.ispersiono
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Durlng th'e course of tlre survelsr aspeets of

the aquatic environmentr of both inhabited. and' unir¡Trabitecl

waters were investigated-, to estabrish, if possibler what

factors d.etermlneil the oecurrence of the fish in some

watersand.notinothers'Concu::rently'fieldand'
laboratony stud.ies äyere also maite of the speciest 1ífe

cycIe, ecology, population structure, growth' physiology

and. þehaviot¡¡l "
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1 N PRE¿'JúBLE

The Desert GobYt Ch-1am:rd.ogob 1us eremaus (zietz

1896), i/ras orlginally deseribed- from materlal collected.

by the llorne Scientific Exped.ition from a railv'ray bore at

Coward. Springs (tocal-1ty J4, Append.ix Á,) in the far north

of South Australia (see fig 7 ), This type material was

subsequenLLy housed. 1n the South Australian l¡iuseum

(collection registration nos , ¡'524e 1"525t F526) " None of

this early collection can now be located- anfl therefore is

presumed- permarientlY J-ost "

Zietz ?gge) placed. the speci-es in the genus

gå Llnnaeus, l75Tc but licoulJoch (l Vll) subsequentl-y

consid.ered that it could. noi be retained. vri-thin that genus

and. further that it couLd- not be referred. to any of the

then knormn GobiÍCae genera al-though he provi-sionalIy re-

tained- it within the genus Êgbius" McOull-och and. Qgilby

(lglg) i.t extenslve revj,sion of the Austral-ian Gobiid-ae

continued- to provlsionally retaln the specles within the

genu.s while Ïfhitley (lgZg) flnalLy erected. a nelï genust

@, vuith Ggþilq eremius as the type speciesn

To d.ate this species is the only recogni-sed. member of th.e

gerrus o

2"

Fami lv Gobil ae

(partly after ndunro (1967)).

Usually smal-l" BoCy el-evated, oval to elongatet

eompressed. or cylindricalo Usually ctenoid. or cycloid.
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Seales, oecasionally naked-. Head- naked. before and. between

eyeg, sometimes completely naked.. LateraL line absent"

Tvro florsal flns, usually completely separate" Second.

d.orsal and. anal fins opposite and. slmilar and. both free

from the caud.aL fin. Anal \Mith one weak Spine" Ventral-s

usually coüpletely or partly united. along their lnner

margins to f orm a suction d.lsc. Gill openíngs mod.epate

to rrvid.e, membranes connected. to isthmus. Mouth usual-fy

largeo Teeth 1n one or more rovì¡S in upper jav'rr in two

or nore 1n lor¡¡er.

Subf'am:!]¿ Gobiinae

Ventral fins completely or partially united- to

fonn a suction d.i-sc.

Genus. Chla¡ryclo ius Whitl€lr 1929"

@ geno nove whitfey, Austr " zooro 6, po 122,

1g2g; type species Gobius æåE zielz, Rept. Horn'Exped."

il, 1896? pc 1BO, PI XVlr Fig. 5"

rifhitfey (lgZg) gave the generic characters for

@ as the reLatlve chanacters given in i"{ccul-Loch

and Ogilbyts (lglg) provlsional key to the genera and.

species of the Subfanlfy Gobiinae, nanely:-

soft d.orsal- and. anal shorter, free from the eaud.alo

Body sca1y, Ch.1n and. mandibl-es without barbJes,

First il orsal- with s jx spines. Head. with only mic-

roscopic papilf ae in rolirso Ûpercles naked. or nearly

naked.. Exposed. ed.ge of shoul-cLer glrd-le smooth.

upper pectoral rays not free nor" d.lfferentlated. from

the othens, Tongue not d.eeply notched" Head. longen
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without spines or large papillae. Scal-es sma11er,

more than thirty s1x in a longitud.inal, row. ivlouth

normal, maxil-Ia not specialJ-y prod.uced " Thirteen

on less d.orsal and- anal rayso Snout normal" Nape

naked.,

Sole spec ies, ftf,-4rr,y-Ê"gg,g'þ'-ius- çËSTÂ¿us, (Zietz, 1 896',

Gobius eremius Zietz, Repio Ï{orno Exped-, Centr. -trustr. iit

1896, Po 18O, pl, XVI, Fig" 5,

Zietzts (tgge ) originai abbreviated d.escrip'cion

of the species from ¡aateriaf col-lected- at Courard. Springs

railïyaJr bore (Ioca1ity 34) v¡as foll-ovred. by a inore coi:aplete

red.escription by T,tc0ulloch (lgll) from eontemporary material

eollected. from a nearby locality, Strangxrays Springs ralT--

wa¡r bore (locality 29)o This l-atter d.escription was based.

on four specinens from a series of thlrteen. This early

coLlection from strangwaJrs sprlngs is housed' in the

Australian Museun col-lection (nugo rro. f 13661) "

Populations of C- enemius thrive in the surface

flows at both the above l-ocalities to this d'a¡r s1¡¡ough

it appears that water f1ow frorn the bores has consid.erably

diminished. in recent years partly as a nesult of a natural-

d-rop in artesian fl-or,,r and- partly because of largely un-

suceessful Government efforts t o bl-ock the pipes of these

now red-und.ant boreso

z).
MJr exanination of colLections of c. ere¡nius taken

from a mr¡;tber of 1ocalities around. the Lake EVre regj-on

(pie" 7 ) and. west o f .Al-lce Springs (¡lg" A ) reveals a

uniformity of tTre various morphological cTraracters (talte I
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between the d.ifferent populations and insuffieient
consistent vanients to suggest tlrat argr sub-specles exÍst o

The fo}lowing species red-escription 1s based. on

the combined. C.ata, record.e,l from a total of 336 specimens,

1 O-5Omn standar"d. length, colleeted from eighteen locaLi-

tles extend.ing over the fuLl knovr¡n range of the species"

The d.escription agrees essential-Ly with that of Mc0ulloch

(lgll) except that the latte:: failed. to necognlse vrhat I
consid.er to be a slngle splne associated. with the anal-

fin and a feature ¡¡vh1ch Munro (lg6l) gives as a charaet-

erisiic of the famlly Gobiidae" In addltion I usually

found. a consj-d.erably larger number of caud.al rays to be

present, this apparently being d.ue to the fact that r have

taken into aceount the smal-l rays present at the fo::emost

clorsal and. ventraL edges of the caud.al fin"
The bracketed. meristic ilata are the ]nore typical

values for tÀe respective measurements. Accurate scaJe

counts were extremely d.lffieuLt to estlmate ilue to the

thin and. ilel-ieate form of the speci-es scaleso Ï4 many

instances scales had. been shed. or consid.erably softened.

by i-mmersion in formalin (5% strength) ¡y the i;i:ne pre-

served. collections reached- the laboratory, ma]<lng counts

impossible. Even when intact 1t usual-1y proved. d.ifficult

to d.istinguish lnd.ivld.ual scal-eso Various techniques were

employed to vlew scales und.er a fow polffeI' binocular micro-

scope includ.lng oblique l1ghting, dehyd'ration 1n ethyl

alcohol- (to cause scales to rlse off the body surface) and-

ink prints, but none of these proved. very satisfactory"



I
As with Mc0ull-ochrs (lgll) scale d.ata the values recond.ed.

here are therefore no more than approximateo 'ì¡[ith regard.

to vertebral counts attempts were mad.e to make th-ese by

means of X-ray photographs but the sma]l slze of the f ish

prevented sharp and. d.istinct rad.iographs being obtained.

An alízarin stain technique based on the method of Davis

and. Gore (lgl+l) was employed. on a smal1 number of speci-

mens from several scattened. localities and. this proveiL

quite satisfactory, although extremely laborious and. time

consuming in preparing larger series" ConSequently nost

of the vertebral- counts vúere obtai ned by prepa.ring sagittai

sections of sampled. series (tO speci-mens each) from the

various cof lectiorts e

Chla4gþeeb:!-Us eremius (Zietz, 1 896) .

Merlstieal-ly no d-lfference between the sexeso

(ta¡te compares ranges and. means of menistic d-ata of

25 ôó and. 25 99 frour locality 17 as necord-ed 1n Append.ix

It wil] be seen thene is no significant difference betireen

the sexes) "
Fin formul-a: D

1
TV-V] (vr), Ð27-i4 (9),

P 11-1h ul), A'r, 5-r 1 (i . 7),

v i 5¡ c 15-32 (27 )"
Cycl-oid. and. etenold-, principally

the former. Seo aPProximatelY

37-49n Tro approxlnatelY 15-19"

6-9 (B).

26-28 (27) 
"

Scalatlon:

L. G.R.

Vert,
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Bod.y rQbust, d.epressed. anterlorallyr compressed.

posteriorly (see flg. 1 and. 2). Pnopontions .¡ariabl-e

accord.ing to size and. sex. Ilouth large, extend-ing to

beLow the nid.d.l-e of eye. Teeth, three rows vlLlif orm

each javr, palate toothless. Ventral surfaee fnorT tip of

chin to anal papilla scaleless, Sexes separate, anal

papilla of male comparatively long and- slend.er with a

shal-Io¡n¡ convex longitud.inal trough on the d.orsal- surface

(fig" 3 ) whereas that of female is short ancì. stubby

(fig. 1), the d.ifference belng most nanked. in fulJ-y

grolln ad.ults. Iabl-e 2 compares the ranges and. means

of the ratlo Anal Papilla Length betu¡een the sexes from
Stand.aril Length

a coll-ection nad.e at local-ity 27¡ ft will be noted- that

the mean ratio for maLes is greater than f or femaleso

Head. of adult males conspj-cuously broad.er than that of

ad.ult females of simllar length ,fable3 ), this again

being most marked. in flrlly grourn ind.lvid-ualeo Table{

compares the ranges and. mea¡s of the ratio Head. \rìIidth
Stand.ard. Length

betvreen the Sexes from coll-ections macle at loeal-ities 2l+

and, 27. It uril-l be noted. that at boih l-ocalities the

rnean ratio for males is gr:eater than f or femal-es"

Col-our variable, l-ight yeIlow to d.ark brown

background- on the dorsal and- lateral surfaces and. generally

cry¡rtlcaIly cornelated. v¡ith haþitat background.o Obser-

vations in the f1eLd. and. the taboratory (see p" l3O) d-emon-

strate that C er 1us has a pronounced abllity to acquire

cry¡rtic colour changes in several minutes or less " 5-7

d.arken cross bars usually apparent across the d.orsal
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surface of the bod.y behind. the nape of both sexeso

Ventral surface between chin and anal- papilla paler to

silvery i¡rhite. Tn soÍle instances ventral- surface of

loimer jaw of ad.ult males pigmented bright yeJ-lowo Fins

of ind.ivid.ual-s of both sexes l-ess than approxi¡nately 25nm

standard- length usually transparento Fins in adults over

25mm in length variab]e in col-our¿ Fins of both sexes

tend. to be nore lntensel¡r plgnented- with increase in size"

First d.orsal fín pigmentation f irst to d.evelop and. often

apparent in ind.ividuals less than 25nm stand.ard. length"

In live adult males (¡'ig'5a) the posterior'

rnargin of the first d.orsal fin generall-y exhibits a d-ank

or bril]iant bl-ue pigrnent patch with a pale to bril-liant

yel]or,.r nargin d.orsally, extend-ing to the anterlor margin

of the fln, fhe second. d.orsal, anal and. sometimes the

ventrals, IiÌaJr be d.arkly pigrnented. together \ilith a tlrhite

or yel-lour ou'r,er margin" The base o f the second- florsal-

sometimes exhibits a yel]o'v'r band-' The caud.aL and pec-

torals more usually transparent or no't as intensely pig-

nented_, usually uniformly. Generafl-y pigrqentation 1s

more intensi-r¡eiy d-eveloped. in J-arger specimens though in

some i-nstances nelatively smalr individ.ual-s display max-

imally intense colours"

In l_ive aclul_t females (rig " 5b ) trre posterior

nargin of the first d.orsaL fln çsual]y displ-ays a pale to

dark blue pignented. patch (ra.rely aS pronounced. as in 'che

mal-e) an¿ the other fins are eithcr transparent or band'ed'

simifar]y to the ad.ul-t mafes but much more Lightly"
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In preserved (alcohol or fornalin) specimens the

bl-ue and. yellonr plgments are rapid.ly lost or red-uced. to

tones of greyc

There d-oes not appear to be ar4y significant
d.evelopment or hightening of fin colouring in either sex

during the breedirg period". Fin colours once developed

to the fu-l-I in the ad.ult appear to remain stabLe and. not

subject to seasonal- change. Body colour (and. fin col-out:

to'soue extent) d.oes ehange against d.lfferent bacþround-

coLor:r but since the bed. surface of ¡nost localities 1s

largely unifor¡o and constant most 1nd.ivid.uals of âflJr one

population tend. to retaln a fairly unlform eolouring.

The maximum reeord.ed. Iength of any specinen 1s

of a male eollected. from Bl-anche Gup Spring (l.oca1ity 36)

vr¡hose stand.ard. length was 6Omm. Females usually obtain

a maximum size slightly less tJran that of the langest

mal-es in any one populatlon.

lflhen I flrst commenced this stud.y of Co eremius

upon the population at the t¡rpe 1oca11t¡i, Coward. Springs

rai-lwa¡r bore (Iocalltv 3Ð, I was unable to dlstinguish
posiiively the two sexes, princlpall¡r because of the

presence of egg-like structure in the bod.y eavities of

nearly all- ind.ivlduals examinecl. 0n closer: examination

these proved. to be metacercarian stages of an uniden'cif ied.

trematode and. there lras nearly a lOAf/" infection of the

population at localit¡r Jl-¡. Final-Iy sperms were located.

in testies tissue and. it vras then apparent that the sexes
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vrere sepaJtate and. the Sex-Iinked. cb.aracterS.-given in

Table 5 w"t" found and. vlhich serveil as Second.ary sex

d.istinguishing characte::s o

The onty other lneid.ence of parasltic infection

of C, qt-çroigÊ. has been located in the population at

Johnsonrs No, J bor"e (Ìocality 2l+). Sþecimens examined'

on each occasion this local1ty has been visited. have been

for:nd. to be infected., sometimes heavily, vuith an un-

id.entified. ad.ul-t trematod.e in the body and- gut cavities"



Tabl-e I

l[eristic Data 
'ecor.ded- from c, eremius co]]ections

sanpred- from all knovm populations inhabiting
permanent waters"

vertebral counts were nad.e from a sample or 10
specimens from each col-lection except where the
fotal coll-ection comprised. less than this number
in which case estimates were mad-e on the entire
collection. IVhere no range values are ind_icated
for any of the meristic vectors the mea:r value is
common to each ind_ivid_ual specimen.
(1) Although fin spine corrnts less than iri a-re
ind-icated. these were very infrequent and_ occurred_
only wiùh very small- specimens. rn these cases it
appears probable ihat up to vi spines are in fact
present but that some aÏe ind.istinguishabl-e d_ue
to the extremery sma1l size of the specimens .

concerned_.





II''1gure I

I/lal-e C. eremius from Nrrnn's Bore (locality Z?)

population; stand_ard_ length 49 nm"

a" lateral rrÍew.

b " Dorsal- view"

c" Ventral view"
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Figure 2

Female C. eremius from Nu¡.n's Bore (locaIity ZT)

population; stand-ard. length 38 mm"

e" Lateral view"

b " Dorsal vievr"

c. Ventral v-iew.
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Figure 3

A¡ra1 papilla of mal-e C" eremius from Nunnts

Bore (locality 27) population; stand_ard_

length 49 nm"

a" lateral view"

b " Ventral view"
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Figure {

.Lnal papilla of female C " eremius from

Nunnrs Bore (Ìocality ZT); stand_ard_ length

15*"

a" lateral view"

b " Ventral_ 'riew"
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Range

Difference
of means

Mean o.06

o"o5 - O.07

Anal Papil_le
SffiãarA-Teñsth

o.ov

c.o2 - O"04

o.o5

Tab1e 2

Comparison of ranges and- means of the ratio
Anal Pa i1l-a of 20 dd

Nr:rrrr's Bore (localit¡ 27)

anc ç? col-lected. at

on '11 "IV "7O "

e h



[able ?

Comparison of the r:atio Iïead r^¡idt betr¡¡een

male and female c. ere¡nius sampled. from Nr¿nn's

Bore (Iocality ZT) , 1j "Iv "To"



Irocality Nu¡urs Bore (loc " 27) Sampled' 13"IV"7O

Difference of neans 0.02

SI
(t*. )

5B

1

¿a

26

9

39

38

41

1

40

42

+2

L2

+o

45

45

48

+7

5o

4

5"7
4"9

Head.
wÍdth
(n*. )

8"2

8.5
6.

9.6
1

10.0

9.7

oz
8"8
9"1

10.3

10.0

11 "3

a)

1 1

10,9

11 "8

1 1 2

d

0.18

HeacL Uid.th
SI

o "22

0. 20

0.19

o.
o,26
a "21

o.23B.B

o,21
o "22

o "21

o,22
o.23
o.22

o.24
o "23

o "25

¿

o.25

o.2+

0 "2+

Range=O.18 - 0"26

Mean = O.22

S].,
(r*")

I

1O

5O

)+
15

37

6

5

59

58

Õ

7

+o

40

39

I

40

44

Head-
width
(r*.)

6 0

5,5
^)

'7?.

'l .1

6.9
6"3

7.6

8"0

--7 Õ
l"Q

17
rl

7"6

,7o
l.J

7.8

a
8.6
8"0

8.8

emal-es

o.17

Head. wid.th-:ffi-

0.1
0

0. 1B

o.21
o.21
o "21

o.21

00.
L

o "21

0.20
o.21

0.19
a.20
0.20

20

o.21
o.2a

0. 20

Range=O.17 - O"21

Mean = 0"20



Heail Vlj-d.th
ffi-ar¿-fengffi

Nr¡¡nr s Bore
(l-ocality 27)

I
0.18 - O"2"

0" 1g

0.04

Table l

Comparison of ranges and- means of the ratio
IIead- ]/Vid.t of 25 66 and. 25 99 collected- at

each of two localities, namely, Johnson's No" I Bore

(loca1ity 2+) and. Nunn's Bore (locality 27)'

locaJ.itY

Range

Difference
of means

Means

0.18 o.26

óó

o.22

0.17 - o.zl
99

Johnsonrs No.5 Bore
(i.oca]-ity 24)

0,02

0"20

ðó

o,20 o.26

o.23



tr'igure 5 å
live male C. ere¡rius (standard_ Iength 5Onn)
from Nu¡l's Bore (locality 2?); enlarged_
approximateÌy x Z"i"

Ti-gr-rre 5 b
live female C. ere¡lius (stald.ard length 4gm¡r)
from Nunn's Bore (l_ocality Z?); enlarged.
approximately x Z"t"
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1

Head. v¡id-th proportion-
ately greater than in
females of comparabì-e

size.

Anal papilla compar-
atively long a::.d-

sl-end-er with shal-l-ow

convex trough extend.-
ing longitud-inalty
along the d.orsaÌ
surface ¡

T l,{al e sEI

Chara
Sct

Table I

Sexual-d-imorphic characters in C. eremius"*

Fenales

2

t First and. second- d.o

,A,naL papilla comparatively
short and. stubby wj-thout
longitud.inal trough
d.epression on oorsal
sr:-rface "

l{ead. width proportionately
more slend-er than in males
of comparable size.

Second. d-orsal and- alal fins
transparent or only lightly
pignented- and- with only light
narginal bancling " First
d.orsal- fin d.arkly pigmented-

but less i-ntense tlrat in
males "

and- anal fins usually
d-arkly pignented- with
pronounced- white or
yeì-Iow marginal band-i

Yell-ow pignentation of
lower surface of jaw
in some instances.

* Sex d-istinguishing characters are most pronounced. in
subjects approx")25 nn Sl. In smal-ler subjects these
characters are either absent or poorly d-eveloPed, and-

it is freo.uently d-ifficult to ascertain the sex of the
ind-ivid-ual.
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1 " PR&.I.EÏ,E

Prior to the present stud.y the only necorded.

occuruences o f -ÇÆiS. were at Coward. Springs rai lway

bore (loca1itv 3+) iuc Strangv'¡ays Spnlngs railway bore

(tocatitSr 29) both of r¡¡hich are Situated. south west of

Lake Eyre southo They \-üere made by the Horne Bpedition

partSr 1n 1 894. Three other early eollections negistered-

at the South .{iustralian ]'.{useum Lack preclse locality d.ata

merely being ind.icated. as oniginating from ¡tCentraL

.liustraliarr.

2. TOTlf,, /.RFli

¡!s a.-result of a series of surveys I have nade

in tlre far north of South l¡,ustralia during 1968-71 and'

srrr.veys by the ltrid Zone Research Tnstltutlon (Northern

lerritory Ad.rnlnistration) 1n the Northern Territor¡r

d-uring recent yearsr it is now established- that the

species has an extensive d.istributÍon irithin the central

llustnal-1an region. Figure 6 ind,icates the oceurrences

of atl known established. popul-ation"s of 9rÆ'
Figunes 7 an¿ a show in detail- the location of these

localities in South J:ustral-ia and. the Northern Ternitorye

together u¡ith other permenent rira'ter sites whlch have been

J-nspected. in South ¿Nustralia but '¡¡here the species has not

been taken' Figr-lre I ind'icates temporarJr aquatic sites

rvhlch have been inspected- in South .{"ustralia I s far nor-b}r

and. where the species has been taken" irppend.ix A aetalts

the narnes and. geographical posltions of afL loealities

ind.icated..
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0n the basis of these d.ata it is seen that
although the species 1s largely concentrated. in the waters
of the numerous artesian bores and springsf situâted ih, the
western half of the Lake Syre drainage basin, its range

extend.s well north to the vyest of Afice Springs vrhere it
has been taken 1n permanent waters in the vicinlty of the
McDonnell Ranges. The latter are well- beyond. the imned.-

iate vicinity of Lake Eyne but connect with the d.rainage

systen entering the Lake Eyre basin.
Further col-l-ecting \4ri11 probably reveal ad.dit-

ional permanent populatj-ons in the i.ntervening regions
withln the present knournr linits but these clearly will be

nestrlcted to the l-funited. number of permanent water
habitats found. in this extremel-y arld- region" The snall-

collections mad.e from ephemeral sites fo1lowing rain
probably represent transient occurrences arising from d-is-
persal from permanent populations by flood.waters. It 1s

possible that further surveying, partlcularLy of the
antesian waters of south i¡rest Queensland. and. north v¡est

ITer¡v South Yifalesr ltdl-l- extend. the knor¡un range of the
specles. 'ri'riest of Lake Eyre permanent røaters are extremely
scarce as t hey also are immed.iately north of tlre Lake where

the Siurpson Desert i s located." The Slmpson Desert Exped.-

itlon of 1939 (v'itritteyp 1945) reported. that the only
surface watens encountened were Very temporary and. shalloim
waters of claypans and. waterholes in the Coglln Creekt

Charlotte XTaters and. the Diamantina Rlver; C" enemius was

not amongst the smafl coll-ection of fishes taken by the
Exped.ltlon partyo fn a personal- communication from

CoR. Fenner Esq.s of Darwin I have been advised that
although lange colleetions of a varlety of fishes were

mad.e þy hiroself in 197A from numerous vrater-ÌroLes and.

springs 1n the vicinity of the main road. between Al-lce

Sprlngs and. Darwin, neither C" -ggg¡qÞ nor any other
* See figures lO amd- ll .



16

Gobiid.ae was taken. The Annl.em Land E<peflltion (Taylor,

1964) sirnilarly failefl to Jocate this speclesr or rel-ated.

forms, from inland. waters east of Ðarwln 1n 1948. Only

one occuruence east of Lake Eyre is known, when Ï found

the specles at the Clayton Bore (locaIity 44)" I dicl'

not find the specles, or, å.r\y other fishr elsewhere in the

area d.espite trapping in many bores to the north east of

Marree ad.jacent the Birdsvill-e tt'aeko

Thus, to ilate, the total kno'vrnr range of this

speci-es is nestrictefl between latitud.es 23o 40t south ærd

2go 34' south and. longltud.es 132c 4ot east and. 1580 231

east.

Ired.ale and. lfhitley (t g¡A) d.esignated. c. erem]-us

orÌe of the characterlstic fishes of wTrat they terrn the

Sturtian region (central Australlan waters west of the

Darling Riven system) in thein proposed. classification

of Australian inland aquatic zoogeographicaf regions"

Selectlon of the species for this purpose seems welL

vafidated. although it appears that the species may be

further restricted. to the Lake Eyre d.rainage systemo

3"

âo DisPersal

The ¡rarked. rnorphological uniformlty between

populations throughout the known range of tlre species, as

mentioned in Section 1, ind.lcates that recent d.lspersion

has occurred. and.r/or that thene 1s sufficient gene flow

between populations to ensure that ninlmal morphological

d.ivergenee has occuryed.o In vie1lq of the successful
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establ-ishment of populatlons in '¡arious pools and streams

aÊsoclated. vrrith artesian bones slrìce European settlement

it is obvlous that an efflcient d-ispersal mechanism is

openating ard. that so long as 1 t contlnues to operate

the species wifl- retain its norphologlcal unlfornity and

consequently its monotyplc status"

the occurrence of sroalI isolated. populations in

the ephemeral bod.les of water folloviing seasonal ralns

suggests that transport by flood.waters Ís probably an

important, posslbl-y the onfvr means by which d.lsperslon

of stock is effected. from centres of permanent populati-on

(see p. Zl ). the extenslve an¿ substantiaL floodings

(see Appendix C ) and the extensive areas of low topo-

graphic relief characteristic of the centnal Australlan

r.eglon are certainl-y conducive to efficient and. frequent

d.ispersion of aquatlc fauna by fi'oodv¡atePSe

The fact that aJl- reeord-ed. occurrencesr þoth

permanent and. transitony, are restricted. to within the

Lake Eyre drainage systen supports the postul-ate that

d.isperslon is probabLy effected. excluslvely by fl-ood-

waters and. therefore can onl-y occur witfuin that ilrainage

area. The general absence of the species from all but

one of the nany bore sites east of Lake Eyre and. its

appanent absence outsid.e the Lake Eyre d.rainage basin

tend.s to negate the proposj.tion that d.ispersion is achievec

even Ín part, by some form of aerial transpont €o$o trans-

portation of juveniles or ad.ul-ts via thernaLs (wil]y-

w1]1ies) or of fertllised eggs via attachnent to the feet



of water-wad.ing bird.s. There ane p:cotrably other 
"""13"u,

especially of an aquati.c chenor/physicaL nature that prevent

the establishment of breed.ing populations of C" eremius

in artesian waters outsid.e the central Australian region

(see Section VI) but these are probably second-ary to the

l-initations imposed. on distributlon by the mod.e of dis-
persiono

I"urther evidence to support the postulate that

aquatic birds are not a medium for d.i-spersing Ç_-_glg4Æ,

is provid.ed by the observation t'hatr until I successfully

introd.ueed. a 'oreed-ing populatÍon into the Bl-anche Cup

mound spring (loca1ity 36) in ,septemben 1970 (see Section

V). f,his spring pool was devoj-d- of ar6r specles of f ish

and. probably always had. beeno Mad.igan UgSe) mad.e no re-

fe::ence to fish r¡vhen he inspected. the sprÍng in 1927" The

Bl-anehe Cup spring is a prominent featrtre, l-oeated u¡ithin

O"7Km of the population irdrabiting Vúobna spring (loea]ity

35) and. within 9"OKrn of the populatlons at Coward. Sprlngs

proper (1oca1itr fi) and. Coward- Sprlngs rallulay bore

(loeatr1ty 3Ð o Since the spring mound- rises very steeply

to approximately 41n above ground. l-eveL and. there is on]-y

a very smal-J run-off of water it appears virtually im-

possible that fish couJd. enter the spring pool ( 7m Aiameter)

via flood.v'¡aters transporting stock from tTre nearby popul-a-

tions o Since al-l- the nearby artesian lvaten bod.ies and.

the Bl-anche Cup sprlng 1tself are vislted. frecluently

by various species of v,¡ater bird.s (see Table 53 ) it

woutd. be expected. that if bird.s d-id. play a role in
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dispersion that the Blanche Cup spring woul-d. have beeome

populated. at some time in the pasto

bo Suitabl-e natural- habitats.

Fnom the above argurnent it appears highl-y

probable that permanent populations can only become

established. where there is suitabl-e permanent vratero

There are felr vraterhoLes in central Australia large

enough to hold. permanent bod.ies of water" Nelther of

the two perrianent meteoric lvater bod.j-es (localitles 7

and 31 ) from tuhlch I have collected C, erenius appear to

support very substantial populations; d.espite intenslve

trapping only a smal-l number of speeimens T[as taken at

eaeh locality. Antesian springs (and bores) on the other

hand. are r.elatively permanent and since many of thert

support abund.ant populations of C,--er-qmiuÊ as opposed. to

the small populations to be found. 1n the fevu populated.

waterholes it seems that evlronmental cond.itions in

artesian lv'aters, at least those in the central- Australlan

region, are particularly cond-ucive to supporting breed.ing

populations of thls species. The artesian waters of

dentral ÄustraLia therefore appear to represent the

typica] habitat fon 9s-æ4¿Eo rn splte of cheno/

physlcal d.ifferences between the Inany central. .{¡ustnalian

artesian flows they all seem to be suitable to support

breed.ing populatlons of thls characteristlcally adaptlve

species (see Sectlon 1fI)' The only critieal factor to

ensure suecessful- eol-onization of a pernanent artesia¡

water bod.y appears to be the successfuL introd.uctlon of
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ind.rvid.uals of both sexeg. Thus a localltyts potential

to hanboun Co eremius is largely d.epend.ant on 1ts caPacitY

to intercept stock d.ispersed" in floodwaters by virtue of

1ts geographic posltion and. sunround.lng topography'in re-

l-ation to other populated. sites" The occuruences in

ephemeral- waters appear to be only transitoryr represent-

ing a stage in the d.ispersion processe

Cc -hr¡tesian Bores" Reservoirs and. Dams

/.rtesian springs must Ïrave constituted- the

t¡plca1 habitat of ç-Æ, before bones were sunk 1n the

central- Austral-ian region" Since then, howeverr the

species has so suecessfully populated. nany of the pools

and. strea¡ts assoclateÖ with artesian bores thai; it is

apparent that manr s influence has been one of creating

ad.clitlonal habitats thereby lncreasing the incid-ence of

inilivid.ual populations within the T,ake Eyre basin"

/rssruning that most, iÎ not all, of the currently

inhabitefl sprlngs nrere inbabited. befone ttrre appearance of

bores, it appears that the latter have not so much extend.ed

the range of the species as that they have caused- the

intervenirg areag to become populated. thereby faeilitating

inter-population gene flovr so that any tend.eney toward.s

sub-speciation through isolation has been slowed. d.own"

The d.rilling d.ates of some populated- bores (see

Table b ) lnaicate that the species is capable of colonis-

ing and. establ-ishing itsel-f vr¡ithin a relativel-y short tjme

and. it is al-most certain that the populations listed. in

EabLe 6 ruere established rrell before their first
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off,icial-}y ::econd.ed. occurrences. Efforts to obtain

lnformatlon concenning the earliest appearances of flsh
at the fatter sites fron Local resid.ents have fai]ed. to
provid.e conclusive d.atao

If effecÈlve d.isperslon is in fact achleved. by

flood.waters and. a newly created. habitat is vr¡ithin a reason-

ably shont d.istanee of an existing populatlon witft only

low relief topography intervening and with dralnage d.ir-

ecting toward.s the new habitat it would. onfy require a

single substantial flood. to potentially coloni.ze the

habitaÈ. State and. Commonwealth Railvray record.s and. my

own observations (see Appenillx C ) of cond.itions ad.jacent

the rail track between Marree and. Al,ice Springs, ind.icate

that extensive seasorraL flood.ing frequently oceuns 1n the

vicinity of this railway l-ine. Other recond.s (see

.É.ppend.ix C ) indicate that this situation appLles to much

of the centnal Austna1ian regj-on includ.ing the Lake Eyre

dralnage anea, Thene are therefore, frequent oecasions

when d.lspersion may occur vla flood.waters" Chance must

also play a nole and. 1t rnay well be that a series of

flood.ings must oceur befone successfuJ coLonization 1s

finally achieved, if at al-l, Obviousl-y the better the

potential habitatrs locatlon 1n rel-ation to d,ralnage fron

other populatlons the betten is it chances of being

successful-l-y col-onized." Most of the known populated. bores

are in relatively cÌose proxinity to one or more populated.

artesian spni.mgs (see Table 7 ).
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It is possible tlrat in sone instances natural

seepages existed. at the bore sites prior to the bor-e being

su¡k and. that C" eremius may have been present at the

outset but no d.ata are avai]abLe from the South hustraLian

Mines Department or the State Pastoral- Boand. of South

Austral-j-a on this aspect.

Only one reservolr, the -r.aÍluray reservoir at

Beresford. (loca1itr 31) tras been found. to be inhabited by

C" eremlus and. slnce only four specimens hrere taken from

a total of eight traps set for a 24 hour period. 1t 1s

probable that the popuLation is not large. The consld-er-

able d.egree of water turbid.ity found. at thls reservoir,

and. which is charaeteristic of meteoric water bodies in
this region, most certainly in-hibits aquatic plant growth"

lis iliscussed. in Section Vff (p, ?1) fila¡nentous green

algae is an important component 1n the ecology of p"

enenirE (as a habitat for small animal greyt as a food

item itself and as protective cover.) Itbabsenee or

restricted. abund.ance wouId. thenefore not be cond.uicive

to supporting a large C" er 1us populat ion.

Furthermone the hj-gh retainÍng walls enclosing

most man-mad.e dams and. reservoirs would. appear to present

an insurmountable banrier to col-onization via flood.waters

so that they play virtual-l-y no part in the occurence of

C" eremi-us.
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dn Fl-uctuations of lïaierf l or¡us

The tittLe d.ata that are available on artesian

flow rates (see Tab1e I ) ind.icates that over a short

term of several years¡ flow is relatively constant and.

conilitlons therefore stabl-eo However, comparison of

cur:rent fl-ows with those apparent fnom early photographs

of such bores as Nunnrs (locafiW 27) and. Coward. Springs

(Iocalitr 31) i.naicates that over a longer tine period.

substantlal changes in flow rate nay occur. The flows

at Nunnr s ancL Cowaril Springs railway bores are tod.ay far
less than when they Trere d.ril1ed. twel-ve and. eighty year:s

ago respectivelly. (see fig. 12). -dl number of mound,

springs in the vlclnity of Cov¡ard. Springs and. Strangways

Spr.ings are tod.ay either extlnct or represented. by no

more tb.an seepages or slight fl-ows and. quÍte inad.equate

as fish habitats, Since the nou¡rd.s of some of these

sprlngs are quite large it follows that these springs were

formally consid.erably nore active anal probably capable of

supponting fish popuLations, Long terms fluctuations in
the flow of ar.tesian waters can therefore be suffielent
to make a site more or. less favounable for habitation"

Recent Government efforts to bloek off the fl-ows from

certain d.isused. bores, including the ty¡le locality of

C, eremius (Coward. Spnings railway bone, locality 34)t

have nesul-ted in consideraþle cut-baêke 1n flow but

st¡fflcient natural seepages eontinue and. appear to provid.e

bod.ies of waten ad.equate to maintaln small populatlons.



Figure b

Positions of established. C" eremius

populations located- in Australia" The

enclosíng li-ne depicts the outer margins

of the internal d,rainage basins of laJ<es

Eyre, Frome and. associated lentic waters

(based partly after trVeaüherley, 1967) "
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Tig'dre /

Permanent aquatic habitats inspeöted in the

far north of South Australia.

Open symbols (A , O ) ind.icate C" eremius

was not found- present" Solid symbols

( A, ' O ) ind-icate the species was found-

present.

The nrmbers ad-jacent the symbols ind-icate

the localities as listed in Append-ix A

Ke.y.

l\ = artesian water.

O = meteoric water.

S = spring"

B = bore.

D = d-am"

W = waterhole.
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Figure I

Positions of C" eremius populations located.

in the Northern [errj-tory: -Australia"

The mrmbers ind.icate the l-ocal-i-ties as

l-isted- in Append-ix { Both l-ocalities
constitute permanent or semi-permanent

meteoric waters"
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Figure ?

Temporary aqúatic habitats inspected. in the

far north of South Australia;

Open symbols ( A , O ) ind.icate C. eremius

was not forrnd- present" Solid- synbols

(   , O ) ind.icate the species ïras fou¡.d.

present.

The nu-mbers ad-jacent the synbols ind.lcate the

local-ities as l-isted in Append.ix A
Key "

A = artesian water"

O = *"teoric water'

S = sPringo '

B = bore'

D = d'am'

W= waterhole.
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f igure I O

View of section of the stream associated_

with the Coward. Springs Railway Bore

(loca1ity 7+), February, 1969. fnbabited. by

g" eremius;

FÍgure I I

View of section of the strean assoclated_

rrith the Wobna Spring (loca1ity tr) )

3,pri1- 1968" fnhabited. by C" eremiu,s"





Figure lL

Coward- Springs Railway Bore (]ocality 1+),
photographed- in 1BpO (above) and- 1969

(below) 
"
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1+ Coward- Springs
Railway Bore
Strangways Springs
Raílway Bore
ìFood- Duck Bore
B1ythe Bore
Johnsonts \To. I
Bore
Nunnts Bore

29

47

17

2+

27

loc
l[o.

Bore i

I
I

Date
Stl¡k

1886

1886

1g1t
1918
1918

1956

4"V" 189+

4"V.189+

21 .xr "69
21 "xr "69
Circa 191O

29"vrr"68

Date
C. eremius first
Fecord-ed- present

8

I

,6
51

ru12

12

Time
gap
( years )

6+

60

2t

Loc
No"

{
I
I

I
I

Bore

fiiool-atchi Bore

Montecolina Bore

Honeymoon Bore

Circa
1895
1920
1916

Date
Surk

2+ "x "69

29 "x..69
30.v "71

Date
Last ti¡re inspected-
C. erenj-_gg present

7+

+9

1'

Time
gaÐ
Ïyèars )

Table b

Drilling d.ates of some artesian bores i n the central-

Australian region"



Table 7

Minimum d.istances between al-I known C" eremius

inhabited- bore waters (also soroe un-inhabited.

bores) and. the nearest respective inhabited.

artesian spring"
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c)
F-t
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c)

waukininna Bore

peramanna No. 1 Bore

Bore
Ilarry Bore

Bore

unna Bore

Coward Springs proper
Wobna Spring
r,fobna Spring
IÍobna Spring
Wobna Spring
'tnfobna Spring

Freeling Springs
Freelj.ng Springs
Freeling Springs
Nílpirrna Spring
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Table 7
,tpprox. min.

distance
apart (fn).

5A

16

1

0.5
67

45

35

2.5

153

71

130
180

204
212

228



5o

41

4B

44

local-ity
No.

+6

Pand.í Buma

Mirra Mitta

lake Harry

Frome Creek

Kopperamanna

Clayton

Carr-nawaukaninla

Bore Name

19s+
1966

19a+

1966
22,+OO

19 12OO

19a+

19øo

19o+
19oo

196+
19ea

19+6

1966

19o+
1966

Date
flow
record.ed_

2,5OO

2 r4OO

lBo
100

21 ?AOO

21 ,OOO

tl,too
28,BO0

221OOO

22 r5OO

þ1ow rate
(gallons /nr)

17,OOO

1g,600

Table I
Flow Rates of Some A-rtesian Bores

in the central- Austral-ian region.

Data províd-ed. by the Hyd_rology Section,
South Australian Department of Mines"
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" PREAIúBLE

As d.escribed. pr.eviously (see pJ 9 ) c" eremLus l_s

heterosexual arrd. sexually d_i-morph.ic " Although a serÍes
of groups, nangirg from 2 - 40 individual ad.ul_ts of both
sexes, have been kept und.er regular surveiJlance d.uning

the perÍod- 1969-71 in labor.ator.y tanlcs und.er cond.itions
approximating as c10se1y as possible to,the natural
envlrorrment, none have been seen to breed.¡ no released.

eggs have been located., and at no ti¡ie have I obsenved_

any behavi-our suggestive of countshj.p, spawni_ng, nest

building or argr other fonm of behaviour relating to
breed.lng" Furthenmore, d.espite careful examinations

íncrud.ing sieving the botton s1r-t fro¡r the stream bed.s

through fine nylon mesh nets d.u-rlng the frequent visÍts
mad.e to Nrinnrs Bore (Iocality 27)t coward. springs naiJ-way

bone (1oca1it¡ 34j and. Wobna Mound. Spring (1ocal ítV 35)

betireen December 1967 and. May 1971 , r failed. to l-ocate

argr released. eggs either attached to the base of aquati_c

vegetation, in nests, suspend-ed. or floating in v,rater or
settled in bottonr silt.

The enLarged. anal papilla in both sexes d.uring

the þrebding beasõn (see p..2lo ) suggests tháü :.

this stnucture may act as a gonopodium. ff thls should.

be Bor then fertirization coul-d. be internal or spanrning

coul-d. take place with tJ-e sexes j_n close proximity"

slnce ther"e is no evid.ence that the species is live-bearing

it 1s thenefore more likely that fertil,ization is external.
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20 w
( d perioa

ïn ord-er to establish d.urÍng whlch period. of
the year the species breed., I took nronthly samples of
20 males and. 2o females from the populatlon at Nunnrs

Bor"e (Iocalitv 27) cr.rrr.Í,g a 14 month period. from
1J" ïV" 70 to 31 "y "71 o

Eaeh such specimen was subsequentiy examined. and.

the following d-ata necord.ed. using åial- calipers observed
through a low po!-r¡er binocurar microscops - stand.ard.

le'gth (sr-.,), anal papilla length and. maximrim length and.

bread.th of each gonado From these d.ata two ind.ices ïuere

cal-culated., the ratio 1a as a meagu3e

of anal papilla si-ze and. the ratio
teneth;l
+ riehtl
nad J

SL

as a measure of relative gonad. size .¡uhieh r refer to as

the rrgonad. slze ind.exrto These d.ata are pï.esented. in
Appendix ï and. summari zed- in fabLe ) o To get some

ind.ication of ttre rel-iabiJ-ity of ny measurements al_l

measurements on the sample of males taken on 13"rvo7o
(see Append.ix T. ) vúere nepeated" Tjlese gave an id.entical_

mean for the ratio -anaf__g?!.¿_fJ.g and a mean vaLue fon the
ST

gonad. size ind.ex within 4"8% of the original d.etermination.

Graph I plots the monthly mean values of these

ind.ices 'rhich are given in full in Tabre I . r'r, wilr be
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noted- t},at the gonads begin to increase rapid.ly in size,
in both sexes, d.ur.ing August vr¡ith a maximum size of testes
oceuming in september and. of ovaries in october, the
pronounced. d.rop in mean ovary size at the end of }Tovember

:refLects the shed.d.ing of eggs durlng the peniod from
Oetober as is established. by stripplng expenimentso A
seeond. size peak in both testes and ovaries at the end

of January folrowed. by a fïr-ther drop during the for_r-ow-
j.ng 3 months Índ.icates a second., nore pnolonged, phase of
egg shed.d.ing dur.ing the period. between the end. of January
and. the end. of Apri1o As mentioned. earlier, correl_ated.
r¡vith the enlangeinent of the gonad.s is an entrargement of
the anal- papilla in both sexes¡

Figures 13 to l4 ir-r-ustrates the typicar size
of the gonads of both sexes, reLative to bod.y cavity size,
at d.ifferent tlmes thr-oughout the year.

rhus the breed-1ng season of c. enemiuå occurs
in tno periods; the flrst between october and. Novernber,

the second betvreen Januar,y and Apnil. Howeven, sinee
rro sample vrras obtained. 1n December 1970 it is uncertain
whethen the first period continues into December or
whether th.e seeond. peniod- commences in that month"

(¡) Esgs

Ripe ad.ult femaJes are read.ily rrstnipp6¿rr iLuning

the period.s october to November and. January to February
and. a few eggs can be obtained. with more d.ifficulty as late
as the enil of April. Again no d.ata are availabl_e for
Decernber" on strippíng pale orange-a:nber eggs are
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extruded- fnom the tip of the anal papirla. sueh freshly
extrud.ed. eggs possess an adhesive mucus covering which
enables them to r,ead.ily attach to sor_id. surfaces and trrey
sinlc in artesian water.

The d.ineet count of the number of eggs in the
ovaries óf d.issected. femaJe specimens of d.ifferent sizes
which were taken fron the population at Nunnrs Bore
(local írv 27) d.emonstnates (see Table lo ) trrat tne
nurnber of eggs present per female is proportionate to t'e
size of the lnd.ivid.uar female, as ind.icated. by its sl.
The total number present ave,.ages between 1Do-z5o eggs
(appnoxinatery), which when fuLly d.eveloped. ane spherical
in shape urith a d.iaroeter varying betweêî 1o1nm and. 1oL$mo

(") sperrn

é't no stage have r found aqy r:nale with running
milt nor have r been abre to r¡mifkrr ar{y specimen.

sperm have, hovleven, been fou*d in the gonad.s of
males" by microscopic exa¡iination, of mountec sl_id.es of
teased. and. squashed. testes tlssue stained. with ocein-
aeetic acid. solution.

fn a coll_ection of J! naIes, 2O_lorun SL, taken
fnon Johnsonrs No" 3 Bore (loealitV 24) on J"IX.6B all
specimens lvere found. to possess sperm bea:ring testes"
of a sample of 20 mal-es, 21-45mm sT,, taken f r.om Nunnrs

Bore (Ìocalitr 27) ort 31 .N.7O sperm \nras only f.ocated. in
the testes of those 14 specimens >
the 6 specimens ( ¡grr SL wene sperm pnesent. Of a
eol-Lection of B males, z3-4omn sÏ,r taken from Blanehe cup
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Spring (tocaii-'cy J6) on j.i .f .71 on]_¡r 6¡s specimen, the
largest, i¡omm sL, was found_ to have sperm. sperm ïuere
not l-ocated- in the testes of any of 6 males, 27-3gmm sL,
sampled. from Bl_anehe tup Sprir¡g (Iocality 36) or, 1"lr]j1"71;
sBeei.mens of this síze,range have been established.
(see p. 38 ) ." representine the previous october-Nor¡em-
ber brood. and ther-efor.e wour-d. not be expected. to be
sexuall¡r mature at ti:at tlme,

Although the d-ata are limited., it appears on the
basis of the gonad.s exami-ned. from male specimens taken at
BLanehe cup spring (rocaritv 36), when only the J-argest
(40r* sL), possessed. sperm, that the remainder presumably
represented. the generation born d.uring october-ITovember.
Therefore it appears that mar-es d.o not become sexually
mature untÍl- at least the breedlng season follo.rrring their
own hatching that is approxinrately .lO months l_ater.o lhe
single specimen, l¡omrn sL, that did. possess sperm presr:mably
reBresented. one of t he original _oarent generation intro-
duced. ort 2.fX.7O.

Size in itself, however, is nc critenion of
sexual- matunity since sperm rras located 1n the gonad_

tissue of aar JJ maIes, 2o-lornin sL, taken at Johnsonts
No" J Bore (tocality 24) on 3"IX.6ge that is d.uæi_ng the
earller breed.ing period-" Eyen the snallest specimen in
this case possessed- wer-r developed. testes containing spern
and. none gave a gonad size ind.ex < 1,O" Assuming that
the breeding period.s establisired- for the population at
I'Tunnrs Bore (locality 27)rtrrat is october-November and.
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January-April, also apply to t].e population at Johnsonts
Noo J Bone (loca1ity 2\) it 1s like1y that the srnaller.
sexually mature mal_es collected on 3"IX.69 represent the
brood- haterred Ín the b:peed.ing pe'iod. between Januar.y_
April 1969 whirst the rar.gen specimens represent the
brood' bonn eanrier, ro eo betv¡een 0ctoben-Novemben j968.

( ¿) ¡ecgtgi=tJ

å.lthough the nu¡r,ber of eggs produced per female
d.oes not appear to be highr there is incÍrect evld.ence
that, in tenms of the nu¡nbers of fish that survi_ve to
ad.ul-t size, population buiJ_d._up can be napid..

lhe najority of the popul_ations studied. appear
to be of quite substantiar- size and the population of
100 ad-ults (50 males" !o femai-es) introd.uced. into the
pneviously un-fu¡Ïrabited Bl_anche Cup Ëpring pool (Ioeality
36) on 2.IX.7o (see Þ. 3b ) subsequently gave rise to an
appreciable population so that a totar of 627 fish (4sg
males, 1BB females) Tirere recoyered. on 31 "V,71 from B traps
set during the previous night. îhis trapping rate is
ind'icative of the size to which the popur-atlon had. gnovrn
Ín a period- of g monthso i'urthermore mar6r of the new
genenation h.ad. clearly not yet grown to a size sufficient
to be caught in the traps used. (see V. Jf ).

on 24.xr"70 25 adul_t femal_es, presumably of ttre
onlginal introduced population, rïere trapped. 1n the B]anehe
cup spring (tocality f6) and. marked. by clipping off their^
ventnal- flns (see p. 37 ). on 3l .v.71 j of 179 females
recovered in a total_ catch of 508 (zzg males, 17g fenales)
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u/ere so tagged- and. empÌoying the formula p - N x u (vrhere
R

P = total population, I\i = 111¡¡r¡en of marked indlviduals,
R = númber of manked. ind.ivid.uals recovered Ín a total o f
No individ.ua1s captured) (after Andnei,vartha, j961), the
population of the pool was estimated to b-e of the order
of 4ooo #o since the Branche cup spring pool is rargety
enclosed (see p. 18 ) and ean therefore be regarded as
virtually a self contained. habitat and. because males and.

femal_es apBear to be equally capable of being tnqpped
(see p. 1o ), thls estimate of the size of the popuration
at that time appears to be reasonably acceptabr-e and_ 1n-
dícates an extr,emel¡r rapid build.-up in numbers.
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Mean
gonad.
size

index

0"88

o.94

0,84

1 "13

2 "79
2 "54

1 .50

2. O0

1, .49

1 "1+

0.gg

0.89

Table I

Seasonal Gonad- / lnal- PapÍIla DeveJ-opment i_n C.
at Nurrnts Bore (locality 27) 1970-71 

"

Ðata Suromarized- from Append-ix T

ereml_us

51.v.71

25.rv .71

71 ,rr|..?1

28.tr "71

71 .r.71

25.xr:70

51.x_"?o

27.Lx"70

z4.VTTI "7C

31 ,vÌr.?o
22 ttT.7O

iltv "?o

Date
co]-]-ectecL

0. 05

0.05

0. 06

0.06

0. 06

0"06

0"06

0" 07

0.06

0.05

0.05

Mean
APIST

o"27 - 1.29

o.o7 o "72

o,25 2 "3t

0"11 1.gB

0.1 1 1 "82

o.2+ 1 .96

O,55 2.89

0.18 - 2.O7

1 ,72o.2?

o.25 - 0.92

0.06 0 "32 1 ,06

Range
gonad.

sj-ze
ind-ex

o.64

0"59

0.56-1.8g o,g5

1 ,O4

1 .04

o "87

0"85

2 "74

1 "17

0.60

o "57

o.62

Mean
gonad
síze

ind ex

1âoo

0"04

0. c2

o "o7

o "o7

o.04

0"04

0.04

0" 05

o" 0,

0"05

0"03

o "o3

o "45 1 .26

o "35 1.61

o "53 2 "64

0.40 : 2"55

o.38 - 4,79

0.40 - 3.72

o "75 6.o4

o ¿47 085;

o,71 2 "18

o.44 - 1 .59

o"47 - 1.48

0.41 1 "16

Range
gonad
size

index

AP
l{ean

/s¡'



Graph I

Mean values of "gonad_ size index" (G.S.I. )
and- the ratio anal ill-a I for ma]-es

and- female C " elem].us sampled_ from Nunn's

Bore (loca1ity 27) on d.ifferent occasions

between April 197O and. l,{ay 1971 .

Data from Append.ix T.
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Figr.rre 13

Ventral viewsof d-issected. C" eremius males

shor,ving gonad-s. Each selected- from collections

made at d-ifferent times from the Nunn's Bore

(loca1ity 27) poputation" Respective

collection d-ates, stand-ard- Iengths (Sl) and-

gonad size ind-ices (GSI) of specimens noted-

beneath each photograph. Enlarged approximately

x4.



13.rV.70
SL = 49 n¡l

GSI = 0.67

24.VIrr.70
SL=51nm
GSI = 1 .11

22.VI.70
SL = l+6 ¡n¡n

GSI = O.42

27.rx.70
SI,=55nn
GSI = 1.70

3O.Vrr.70
SLe52nn
GSI = a.67

31 .X.70
SL=44nn
GSI = 0.70



25 .Xr.7O
SL-42mn
GSI = 0.36

31 .1.71
SL=49nn
G.Sl = O.59

?5.TV.71
ji, = ¿+tl Em

GSI = O.37

28.rr.71
SL=47nn
GSI = O.49

31 .'{.71
taJ! = ¿{þ na

GST = 0.51

-Ë
T

i,r

'¿ î_ T -)J I .: - : o / I

,) h.l rr

4 l.Ê



Flgi;re l1

Ventral viewgof d.j.ssected_ C. eremius females

shouring gonad.s. Each selected- from collections
mad.e at d-ifferent times from the Nunn's Bore

(locaIity 27) populatj-on" Respective

collection d-ates, sta:rdatd. trengtbs (S t )

and- gonad- size i:rd.j-ces (C S f ) of specimens

noted beneath each phoüograph. Enlarged_

approximately x4"



13.rV .7O
SL = la1 inm

GSI = O.g5

2il.rfï ïi .7C

Sl = L,:5 nn
GS: = i .C'T

22.V!.70
ST, = 45 nun

GSI = O.8'1

27 .Di.70
SL=h6nn
GST = 1.68

30.vri.70
SI, - t5 mrq

GSI = 0.70

31 .N.7C
SL - 45 n:r
GSI = ,4.67



25 .f,T_.7O
aT 

- 
1,tr *n

rJ.! - 
L1-) taL

GgI = 0.86

j1 .irr..71
ST=48nn
/:-1 I D 

^-7vJr 
- -.J I

31.r.71
SL=39rr,n
GSI = 1.99

25.T,1 .71

ST, = 42 mn

GSI = O.75

28.rr.71
Sl = l+2 m¡n

nor - ¿ 2.1,\.TUJ- - l.)+

31 .1.f1
Sl = 49 ntn
/1aT -,4 79uvÁ - l.)v



Table lO

Number of eggs present," their si zes and- other

d.ata relating to the ovaries of several-

different sized. C" eremius collected- from

Nr:::nÎs Bore (locality 27) on 3l ofXo7oo



SI AP Ov:rry Longth Ovary wid.th Gonad.
sLze
Ind-ex

No. of eggs lotal Egg diam.
( 20 samples

Range

(ro*" )
each )
Mean

teft right ].eft right Ieft
ovary

right
ovary

o.g
2"2
2.O

2.6

5.7
11"+
11 .2
12.O

5"3
11.4
11 .2
12 "9

L.4
ta

7.3
3"5

1"4
5"4
7.2
4"1

1 "18
4"48
4.16
4"73

71

62

66

99

B4

78

9B

1t2

155

140

164
23t

0.4 - 0.6
1.1 1"4
1 .1 1 .4
1.1 1.4

0.5
1.2
1.2
1"3

25

32

35

40

ÎABIE 1O
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1o PREAI\ÍBÍ,E

Scales, otollths and. vertebral structures offerl

no features'ffhlch can be used. to o.etennlne age in C.

ggiÆ. Although scale l-aminae are visibLe they are

nearly âlwa}rs regularly spaceiLr so glving no indication

of period.ic cbanges in grourth rate" Sim11an1y, oto11ths,

vertebrae and. opercul-ae are uniform 1n appearance, with-

out evid.ence of growth rings, Being unable to make age

d.eterminations by such featur.es I deeid.ed. to attenpt to

examine the size-ag e structune of Co eremius populatlons

by length frequency analysesu

2. STZE-AGE STRt'CTURE

A series of col-lections lvere made by trapping

on d.ifferent occasions at Johnsonrs No" J Bore (l-ocality

2Ð and Nunnrs Bore (loca1ity 27) which r,r¡ere then

analysed. for frequency of standarC. lengths (see Append.ices

l- K "nd L ) " The d.ata so obtai ned from the larger

coll-ections ir/ere plotted as histograns and in some

instances as pnobability eurveË (aften Cassle, 1954)

using various groupings o f stand.ard. iengths in ord.er to

ascertain v'rhich, if ar¡y, separated. and indicated any

d.ifferent size groups present to best ad.vantageo

Ildith respect to Johnsonrs No. 3 Bore (rocality

2ù populations the most ind.icative analysis rnas obtai ned.

from a collection'nad.e on 3.fX.68. Histograms lâ and 2a

d.epict the length-frequencies of mal-es and fenales res-

pectively taken on thls occasion" In both hlstograms
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the lengths have been grouped. in the 2ffn interval-s

2O-21mrn, 22-23mm etc" i¡¡hich proved to be the most lnd,ica-

tive grouping. fn ad.d.ition, probabilÍty curves (çraph

2 ) Tuere plotted. fon both sexes f rom the sane d.ata,

enploying intervals of 2mm in the foll-ov'¡1ng groupingsr

1 9-2Onm, 21-22mm etco These respective length groupingst

for þoth the hlstogralns and. probabillty curvesr shorved

d.ifferent slze groups to best advantage and. were the

groupingsemployed. for subsequent plotting of standard.

length-frequencies, However, compared. to the histogralnt

the probability curve proved. unsatisfactory as a means of
d.lscernlng size groups in these col-Leetiorrso

Í'rom the histograns la and. 2 a plotted- from

the d.ata obtained. from the Johnsonts No. 5 Bore (Ioca1 ity
24> coll-ection of J.IX.6B it ean be seen that two

prlncipaL slze groups appear to be present in both sexest

ranging frorn 26-39nn¡ and 42-47mn in the case o f mal-es and.

22-3llgnn and. 36-38mn in the case of females; two size

groups are l-ess evid.ent in the mafe population than in

the female populationo Both sets of probability curves

ind.ieate, though not ma::ked.l¡r, size breaks 1n the male

and. fenales populations at about the lengths 4Ortun and.

Sl1rrr.m respectively, lvhich coincid.e approximately wlth the

breaks apparent in the histogralnso

The data of two subsequent collections, 14.VI'7ot

27.VLIL .7Ot .fi"on ,Johnsonn's No ' 3 Bore (1oca1 ity 24) plotted-

inhistograms lb & 2b and lc & 2c respectively,
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aJso ind.ic ate¡' tüvo size groups in the male populatÍons

although not in the femaleso Note that the pr:obabilit;r

curves (oraph 3 ), like the histogralnsr of tTre d.ata

from the 27 "Vff'L TO collectlon ind.icate for the males a

size break at about 37nn and. 46nrn, but for the females

no bneak"

In respect of the analyses of the colleetion

from Nunnts Bore (1oca1ity 27), the d.ata obtained- from

the collectlon of 13"IV "7O as d.epicted. in histogra.ms

J¿ and f a and the probabitity 
"o".r""(q..ph1)indicate 

tivo

reasonably d.istÍnct size groups for the female populationt

l9,-j6mm and. f8-41mm stand-ard length, but not fot' the male

population. The coll-ection of 22"YI¿7O suggests in both

the histograns ( 3b and. ]b ) and. the probabillty

curves (Graph 5 ) tfrat two size groups are present in

each sÊxc The d.ata from tv'¡o othen colLections (Z4"VII"

7ot 1"XI 7o) from Nunnts Bore (local ity 27) t" plotted.

in histograms 3c u /c ana 3e. A le are d'ifficult to

interpret and- may lniLicate that onJ.y a single age group

is present in both sexeso However a wide sÍze ránge is

represented. and. 1t is unlikely that only one age group

would. be present; the d"ata suggest that a second- age

group is preeent in both.-na'}e co¿leo:tiQrrso

å]thougþ it was d-iffieu]-t to clearly d-ifferen-

tiate size-age groups in most of the colLectlons, two

size-age groups are pnesent on some occasions'
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In an attenpt to solve the problern I introd.uced.

a popuJ-atlon of C" eremius lnto the pool of the previously

uninhabited. Blanche Cup Spring (locali.ty 36) which had.

been trapped. repeated.ly on previous oecasions and. no fish
had. been caught. The Blanche Cup Spring pool (l_ocal_ity

36) j.s an enclosed circul-ar bod.y cf vrrater 16nrm in d.ia¡l-

eten with a maximum d.epth of approximately 1nm at its
centre" The aquatic vegetation in this pool i s the sa¡Te

as at Coward. Spnlngs proper (locality fi) vj'zo çypçf]rs

lg.iælus and fil-amentous green algae (¡giIgg]ne sp. ) "
on 2.rx"7or 50 ad.ul-t mal-es and. 50 ad.ult females collected-

from Johnsonrs No, J Bore (locaì-j-tv zl+) were tr.ansferr:ed.

to and. r"eleased. ur¡narked. into the Bl_anche Cup spring pool

(loeaI ity J6) " Prior to being released the 1ength-

frequencies of these f ish nirere record.ed. These d.ata are

presented in hlstograms 5a and. ba o

fifty nine days laten, B baitea wine mestr traps
( see Append.ix D ) were introd.uced. into the pool f or a

15 hour over-night setting perioÖ. The stand.ard. lengths

of all fish collected ïrere measured. and they were returned

to the pool" This proced.ure v{¡as r.epeateC on several

occasions over the next 6 nonths. Append.ix Ñ presents

the length-frequency d.ata f?om these measurenents and.

histograns 5br6b to Slntbh ind-icate the size stnucture

of these successive col-l-ections"
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The fish Tuene released un¡nanked. because no

effective marking technique had. been employed. up to that
time, in spite of attempts mad.e in the Jaborator-y and. the

fielcl using d.ifferent nethod.s d.evised by other workers,

incl-ud.ing the attactunent of nylon thread.s (Reinboth, 1954),

impnegnatlon vrrith fluorescent pignent granuJ-es by means

of eompressed. ain (enir'neyt 1966), (fninney, Duane,

Miller- & Dahlberg, 1967), and. the j-njec-r,ion of l1quid.

l-atex (nitey, i966), Attenpts to mark by means of '

bnanding rrrith a heated. iron usually resul-ted in infeetion
vr¡ithin a few d.ays¡ soon followed. by d.eath. Finally the

f ish $rere rnarked. by clipping off the ventral- fins,
Tests in the l-aboratory had. shown t}rat provid.ed. the fins
Tirere not cut too closely to their base that the fish
suffered. no apparent harmful effect from this operation.

Therefore on the morning of 24"XI.7O all- female fish (25)

coLlected. d.urlng tJ'e previous night at the Bl_anche Cup

Spring (loca1ity 36) urere marked. by this method.. Clipped.

ind.ivid.ual-s rrere recovered but as fin re-grovnth ü¡as r apld

the fj-ns rli¡ere re-clipped. each tine a marked. individ.ual

lr¡as recaptured-. Usually on re-growth the fin was d.e-

formed. so that it v¡as normally not difficul-t to ascertain

if a flsh was in fact one of the original marked. specimens,

d.espite subsequent re-growth"

fhe recovery of each marked. femal-e fish is re-
pr.esented on the hlstograns by means of a smal-l cross (*)

above the size range of thg,.pånùiculan fish. Similailyr,a
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it¿tt above a particular size range ind.icates that a fish
of that sl-ze range xras d.ead. upon being recovered. from the
trap"

Fro¡n the histograms 5b ,6b 6 Shr6hprotted.

from the d.ata obtained. fron the successive corlections
taken at Blanche cup spring (loca]ity 36) it is seen that:-

(u) The origlnal populations of both sexes rapid.ly
greru to a maximum length of 50-6omm standard. length"

(¡) since iarge numbers of fish shor-ter than those

originalJ-y released. in the pool began to appear 1n traps
frorn January 1971 onrr'¡ard.s a new generatlon had apparently
been bred sonetime between earl¡r Sêptenrber (when the
païtent þopulation inras lntroduced-) and. that month.

(") This nev/ generation uras proba.bly born over a

perlod- of a month or more since ofl 1 oIlI.71 its members

had. a re]atively rr,lid-e size rarrge; for example ori 1 o rrr.7.1
trapped. ¡na1es of the nevr generation ranged- between 2l¿mm

and. at l-east 39r.xn standard- lengiir ancr females beivrieen

28m¡i and l¡Omn standard. length. As 1nd.1cated. el_sewhere

(see po 2b ), it seems tnat breed-1ng occurs 1n two

perioC.s, between October-Novemben and JanuarJ¡-ApriJ

respecti.vel-y, so accounting for the wide ranÉIeo

(¿) The new generation, pariicularly the males,

grew rapid.ly since they appear to have become partly
absorbed. into the parent size range about 5 rnonths after
birth 

"
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(e) It appears probable that once the parent gen-

eration grows to maxlmum size nortal-ity rates accelerate,

since all d-ead. fish found 1n traps ïúere in thls upper

size r ange ( see. Tab1e ll ) .
(f) Since some of tbe new generatlon of nal-es

approach maximum size within about the first 6 months of

life, i-t woul-cl seem that by the sj-ze-frequency technique

it is posslbl-e t o distinguish more than one síze-age group

of males only for about 6 ¡aonths following a breeding

period." Young females on the othen hand. appear to grow

more slowly anil the par.ent and. next generationean there-

fore be di.slinguished. by length analyses fon a l-onger

period-.

(g) Since ad.ult mortaLities were relatively fre-
quent following the appearance of the new gerieration

and. the number of parent population flsh that were trappecl-

progressivel-y d.ropped. following their initiaL int::od.uc-

tlon (see TabLe lL ), lt appears that the parent genera-

tion progressívely d-rops in nt-mbers afùer breed.ing and.

thenefore at least s ome members of it d-o not survive until
the following roreeil-ing season"

On the available data I am rrnable to estimate

the species longevity" Horrever, since smal-L flshes of

temperate and. tropical reglons are reported. to frequently

have a life span of l-ess than 2 year"s (Lagler et ef¡ 1962)

and. reported. longevltles of d.ifferent Goblid.ae in eaptivity

vary between approximatel-y 6 nonths and- 2 years (Flovrer,
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192i; Flower, 1,935i Frïp 'i907)¡ it 1s probable that
Co eremlus d.oes not live more than about 2 yearsn

Since gnourth in C*genius has been shown to
be napÍd.g at least 1n the eanly stages of 1ife, it appears

that sexuar matrrnlty may be achieved. by the finst breed.ing

season aften being born (t¡rat is, g to 12 months later).
CertainJ-y adult size would be aquired. by then but as

shown elsewhene (see p. Z? ) size ÍtseLf is no crlterla
of sexua} maturity,

Until- longevity and, the ru¡¡rber o f times breed.-

ing oe@urs in the ind.ividuaL has been established. it is
not possible to ascertain how many genenations are pnesent

in an ad.ult population.

3 0 SED( RArIoS

TabLe 13 l-ists the sex ratios found. in certain
trapped. collections or g"_Sg,q.rus. from various local_itieso

collecting by a fine nylon mesh d.ab net at Blanche

cup spring (locality 36') pr.ovid.ed. a eollection in which

the natio of the sexes (see Table 11 )',,vas of the same

ord.er as that of a tna¡lped. coll-eetion retrieved. the same

day, so that it nay be conclud.ed. that both sexes are

equally likely to enten or escape from a trapo rt there-
fone seems probable that the larger tnapped cor-lections

at least, iLo ind.j.cate the approxi-ma.te proportj-on of the

sexes in the respective popul-ations"
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However, as slroum j-n Table 13 ttrere are instances

in which substantial ehanges j-n sex ratio occt:-n. For

example, there is a manked. reversal- of the selc ratio
between coLlections mad.e at Nunnrs Bore (locaIítV 27)

on 24"VfIf oTor (vrhen males = 66,6%¡ females = 33."4%),

and. on 1"XI.7O (when males = 34.1%t f emal-es 65"9%),

Again, at Ttlobna Spning (Iocality 35) there is a sex-ratio
reversal, though less pronounced., whlch occurred. during

the peniocL ll.VT¡70 to 23IVT.II"7O whenf emales Tuere

doninant (SZr4.) on the f irst d.ate but males were d.omin-

ant (SA"U%) on the second.o

These fluctuations may ind.icate possible seas-

onal fluctuatlons in activity on the part of the sexes

but furiher stud.y is need.ed. to elarify the issue" Due

to the late stage at which 1t became possible to sex

C. erenius f have insufflcient data of the sex ratíos

of tr.apped. col-lections at aqy one loeaIity, at d-iffenent

tlmes of the year, to enable possibi-e seasonal fl-uetua-

tions to be establ-ished..

It j-s therefo:re apparent that with the d-ata

avail"able no xoore than an approxlmate estlmate can be

mad.e of the sex ratios of the respective populatj-ons"

Thus j-t appears that eithen sex maJr pred.ominate in any

one population and. that thj-s may be by as much as \O%

on more of the total populatlon (for example, as at

Blanche Cup Spring (1oca1 ;-ty 36) ) tfrough usually the

d-ifferenee is apparentl,y far less and. in fact there may

be virtually no d.iffe::enceo
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4" POPUL.A,TTON DENSTÎTES

Visual obsenvations made in the f1eld. between

1968-71 i.nd.lcate that the sizes of Co elr populations

vary greatly in ter.ms of both total numbers and. d.ensity,

For exanple the populatÍons inhabiting the shaIlow,

l-ightly vegetated., st::eams at Covyard. Springs proper

(locaIity fi) and l,ilobna Springs (locaIity 35) were

cleanly nel-ativel-y small eompared. to the abund.antly

populated. pools and. sld.e'shaflows at Johnsonrs No. 5
Bone (loealitV 24) whieh lvere d.eeper and. more heavily
vegetated 

"

Trapping d.ata. record.ed. along the stneams at

Coward. Springs ra1lwa¡' bore (loca1itr 34) ancL trliobna

Spring (locality 35) lnd.icates (see Append.ices € and. P )

that rel-atlve abund.ance can vary mankeilly from pJace to
place vrith-inthe individ.ual- habltat. As shown else-

where (see p. 95 ) abund-ance in C" eremius eorrelates

with the amount of aquatic vegetatlon presenta

Only one attempt has been mad.e to estimate

absolute d.ensities within a habitat" At Gov¡ard. Springs

railway bor.e (1oca1itv 1+) on 21rTI"68 a galvanised. iron
quadrat (5ocm d.eep) was placed. successively at several

stations along the streamu The encl-osed. fish were

coLl-ected by means of a rgrlon rnesh d.ab net which was used.

to sieve the encl-osed. water and. bed. sift (d.ov,rn to a d.epth

of approximately 5c¡n sub-bed.). Because of the weight

of the quad-rat and. d,iff lcu1ty in traversing the soft silt
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bed. it took approxÍmately 20 seeond_s, fron the time the

Trrater ïvas entered., to set the quad.rat in positiono

lhus any active fish coulo nead.ily escape upon being d.is-

turbed- prion to the quad.nat area being seaLed. off .
Neventheless¡ numbens of fr.om 2-35 fish r¡/ere success-

fu1Iy tr.4rped, within the quad.fat at each station¡
lable 15 presents the number.s o f fish per

square metre tnapped. at the foun statlons at which read.-

ings were mad.e. These absol-ute d.ensities follow a

pattern simi.l-ar to th.at of rel-ative d.ensities obtained.

by trapping d.ata necoriled. on 28,V.68 (see Append.ix Ê )

and. also given in labLe 15 r

Relative d.ensities have been negula-nry record.ed.

along the st:reans at coward. sprlngs nailway bore (locality
3Ð and. l¡ilobna spring (locar jty 35) and. the d.ata Ls given

in Append.iees z and. P " These record.ings were made

by setting a single baited. wine mesh trap (see Append.ix D )
at each station for an appnoxinately 15 houn overnight
peniod.. counts mad.e of the fish so trapped. ind-ieated. the
nerative abund.ance of fish in t he vicinity of each station
at the tine of trapplng.

5, 9R0TIIUí B,A'TES

The d.ata (see Table lL ) obtained. from length-
firequency analyses from colleetions mad.e at Blanche Cup

springs (local itv 36) has enabl-eit me to obtain some estinate
of growfh nate in C. enemius at vanious stagesn
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Consid.erlngr f irstlyr grovrrbh in the early stages:-

It is estimateil, from the gonad. size ind.ex d.ata, (see

section lV ) tfrat bneed.ing occurs some tine between

Octoþer-November, f oÌlowed., apparentlyr by a later breed--

ing period. between January-April" Therefore the snall

fish first trapped. on 1"II.71, which woufd. be d.erlveit

from the parent population put lnto the sprlng on 2.fX"70¡

would be approximately 3-lr nonths of age and. born in the

first period.e as any late:r bonn ind-ividuaLs are unlikely

to have reached. a size to be trapped. on 1,If,71 " Thus

over the first 5-4 months of Iife, growbh 1n terms of

stand.ard. length, 1s 43.5un f or nal-es and. ,l+O"Jmm for
femaleso Subsequent growth hov¡ever appears to be con-

siÖerabl-y lesso Fnom 1.II"71 to 1"III.71 the lnerease

in mean standard. length arnongst the mal-e population is

cafculated. to be onfy 1oþn, from 1'If .71 to 31 "IfI"71
agaln only 1.I¡lrm with a further d.eerease between 31 "I11,71
and- 25"IV.71 to only 0.7'rnm mean increase" The subsequent

d:rop by Oo6nm in rnean length d-etermined" for the col-leetion

on 31.V.71 is probably d.ue to an increase in the frequency

of smaLl-er size-range f ish b elng trapped.r presumably

those from the bnood- bonn in the ]ater January-April-

period.o l{j.th negard. to t he fernal-e population the grovuth

from 1,Ttr.71 to 1.ITI.71 appears to be negative but this

is probably a result of the rel-atively fevr numþers being

trapped.; between 1"fII"71 anct 51 .fII"71 there is an

apparent increase in mean stand'and' length of 31'run but



45

between 31 "III"71 and- 25ofV"71 only l oomm inerease" The

apparent dr.op in mean length between 25"W .71 and. J.V"71

is again probably d.ue to an increàse i.n the number of

smaLLer size range fish being trapped, from tb.e brood. born

in the January-Apri1 period..

T[ith reganiL to the ad.ui-t panent population:-

Assuming the parent population introd.uced. on Z'IX"7O

comprises mainly the Johnsonrs No, J Bore (1ocality 2l+)

brooils of the previous October-Novenber and. January-Apri]-

then vrith negard. to males the mean incnease in standand.

lerrgth over the trvo months to 31 "I.7O was 11"1mm, between

31 "X.7O and. 24"XI"7O 2.9w., between 24"XI.7O and. 1 "II.71
3c1mm and between 1 "T'I"71 and. 1.IIT.71 r O.6mm incr.easeo

Fon the females over the same period.s, growbh

in terms of mean standard- length nras estimated. al 13.¿ima,,

l1.6nn, Oo5mni and. Oolrnmo The apparent d-rop in mean length

in the following eoll-eetions (31 "I]'L71 , 25"Ív"71) is
prohably d.ue to the smalL numbers trapped."

0n the basis of the aþove d-ata 1t is conclud-ed.

that: -
(.) In fish bor"n 1n the Octoben-November period.

growth 1s rapid- 1n the first J-4 months there-

after (coincld.ing with the summer months and.

hence higher water temperatures) vrith both

sexes obtal-níng a mean stand,ard. length of

appr.oxlmately l¿O-l-¡þn at the end. of this
period.o
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Grourth í s mueh red.uced. in the next J rironths up

to April 1n those individuals born in Oetober-

Novernber and. possibly also in those born j.n

January-Apri1" Between April-illay it appears

there is actually a red_uctíon in sizeo A1-

though as pointed. out, this may be d.ue par.tly
to increasing numbers of smal_l- flsh being

trapped., it wj_Il be noted that this perlod of
reduced. grovrth rate coincid.es vri-th vr¡inter months

and. hence cool-er water temperatÌ.lreso

Growth l-ater in life, tov,rards the next summer,

appears to acceì-erate, coincid.ing with increas-
ing ambient and. water temperarureso

A maximrim size of approxima.teÌy 60mm stand.ard

length is attained- about the age cf .17 nonths.

Since all the specimens that urere taken from

the traps d.ead. ranged in size bet'¡reen 5O-5Bmm

standard. length the species possibly does not

survive more than 24 months (see p. 3) )" On

the other hand. it is possible the species Ïras a

greater. longevity but d.oes not grow beyond_ 6On¡r

standard. length.

Growth appears to be more rapid at all stages

in mal-es than in females. The mean slze for
males in arry one poptll-a.tion 1s lnvariablSr greater

than females, though fernales that d.o survive are

capable of attainlng a length as great as the

maxlmum male length.

(")



Histogram '1a"

g. eremius males trapped_ at Johnson's No" 5 Bore
(locality 24) on t"fX.68.

Histogram '1b.

g" eremius males trapped at Joh¡.son's No" J Bore

(local-ity 2+) on 14"Vr"?O.

I{istogram 1c 
"

9-" eremius males trapped. at Johnson's No " J Bore
(1ocality 2+) on Zl"VIIf .ZO"
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Tfì-stogram 2a"

ç," eremius females trapped_ at Johnson's No. I Bore
(1oca1ity 2+) on V"IX.68"

Histogram 2b.

q" eremius femal-es trapped. at Johnson's No" I Bore

(1ocaIity 2+) on 14"VI"TO.

Histogram 2c"

g. eremius females trapped_ at Johnsonrs No. 1 Bore
(locality 2+) on 27"VIII"ZO"
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Graph 2

Cumulati_ve percentage length d.istribution
of a collection of male and. female

q" eremius trapped. at Johnson's lio. j Bore
(locality 2+) on t"fX"68.
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Graph 3

Cr.mul-ative percentage length distributíon
of a col-lection of mal_e and. femal_e

9." eremius trapped at Johnson's No" ] Bore

(locality 24) on ZT"Vrrr"ZO"
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Ilistogram Ja"

. ere mal-es trapped at Nrrnnf s Bore (locality 2?)
on 1t "ITd.7O.

Histogra& tb "

g" males trapped_ at l{unn's Bore (loca}ity Z?)
on 22"Vf.70.

Histogram 3c"

q" eremius mal-es trapped- at t{'nn,s Bore (locarity 2T)
on 24. VffI. 70 "
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ilistogram Jd"

ç." eremiu.s males trapped_ at Nunn's Bore (locality ZT)

on '1 "XI "7O .

Histogram 3e.

q" eremius males trapped- at lTrrnnts Bore (locai-i-ty 27)

on 11 .'{ "71 "
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Histogram 4a

g" erenius females trapped. at N'¡rnrs Bore (locality zr)
on 1t "IV "7O "

Histogran 4b"

c. eremius females trapped at Nu:rn's Bore (locality z?)
on 22.Vf.70"

Histogram 4c"

c. e¡emius females trapped- at Nunnrs Bore (locality z?)
on 24 "Yf If , 70.
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Histogram 4d"

q. eremius femal-es trapped. at Nu'n,s Bore (locaIity 2T)

on '1 "XI"|O,

Histogram 4e"

g" eremius females trapped- at Nrrnn's Bore (locality z?)
on 11 ,V "71"
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Graph {

Cumul-ative percentage length d_istribution
of a collection of male and_ femal" g. eremius

trapped. at Nurur's Bore (J_ocality ZD on

17 "rv "70 "
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Graph 5

Cumulative percentage lengùLr d.istributi_on
of a colr-ection of male and femaì-e g. eremius
trapped_ at Nunn,s Bore (locality ZZ) on

22"Vr "7O "
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Histogram 5a"

9,. eremius males trapped- at Blanche Cup Spring
(localiüy 16) arL 2.IX"70"

Histogram lb.
ç." eremius males trapped- at Blanche Cup Spring
(locality t6) on 11.X.70"

llistogram 5c.
g" eremius males trapped- at Blanche Cup Spring
(locality 16) on Z4.XT.ZO

Ilistograü 5d "

g" eremius males trapped- at Blanche Cup Spring
(locality t6) on 1 "II"71 "
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Histogram le"
ç." eremius mal es br*atr,ped- at BÌanche Cup Spring
(locality t6) on 1.rII"70"

Histogran )f.
q" eremius males trapped- at Blanche Cup Spring
(tocality 76) on 71 "lIT"71 "
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Histogra¡r 58.
g. srgn-Lus mal-es trapped- at R-lanche Cup Spring
( locality t6) on 25 "Tv "71 "

Histogram 5ln"
q." eremj-us males trapped- at Blanche Cup Spring
(locatity t6) on 11 "Y "71"
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Histogram 6a.
g. eremius females trapped_ at Blanche Cup Spring
(locality 36) on 2"IX.70"

Histogra¡r 6b "

g. eremius females trapped_ at Blanche Cup Spring
(locality 76) on ,1 "X"?O "

Histogram 6c.
ç.. eremius females trapped at Blanche Cup Spring
(locality 56) on 24.XI"ZO"

HÍsüogra.m 6d. 
"

9" eremårle females trapped. at Bla¡rche Cup Spring
(l-ocality ,6) on 1.II"71.
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Histogram 6e"

9-" erenius females trapped- at Blanche Cup Spring
(locality t6) on 1.T'T,I"71 ,

Histogram 6f .

q" eremius females trapped. at B1anche Cup Spring
(locality 76) on 11"IIL71 "

Histogram.6g"
g. eremius females trapped. at Blanche Cup Spring
(tocality t6) on 25"fV.71"

Hi-stogram 6h.
g. eremius females trapped at Blanche Cup Spring
(1ocality t6) on 11 "v "?1 "
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54, 55

52, 51, 54, 54

50, 5t

Date sampled- S.l's (m¡r) of fish d,ead- upon
recapture.

Ivîal-es Females

56

51' 54, 55¡ ,6

52,, 51, 
")555?, 54, 56, 57 ,

57, 57, 58

2' "xr "7o

t1"rfr "71

2' "rv .71

t1 "v "71

îable ll

Stand-ard- lengths of fishe recovered- d-ead-r, from traps

set in Bl-anche Cup Spring (locality 16),



Tabte lZ

Numbers of 'q" el_gaauq, their range of stand.ard-

Iength and- mean stald.ard- length, upon introd-uction

and. upon each successive trapping, from the

Bl-anche Cup Spring (loca-ity 16) "



Table lZ
MaIes

Females

next generation

Sl Me
mm"

43 "5
+4 "7
+5 "1
46 "8
46 "2

Sl l,Ier
(.t.

+o "7
39.8
42"9
43.O
41 .5

(

next ration

2 "rx"70(introd-uced )

71 .X"TO

2+ "xr"7o
1 . rr.71
1 .1-II"7f
71 "1rr.71
25.rV "'11

51 "V "71

Ðate Sanpled. Total
no

trapped.

50

24

21

6

6

Sl Range
(mn" )

52-51

78-62
48-60
55-59
56-60

Sl Mean
(rn. )

Introd.uceil. pop"

40 "6

51 .7
5+"6
trnn)l.l

58.3
77

153

439

365

328

Total
no

trapped.

25-57
25-54
53-60
51 -56
28-57

Sl Ra4ge
(mm. )

zIN'.7O

31 "X"70
24tXT.7O
1 " rr.71
1 " ttr,T1
51 "rrr.71
25 "Dt "71
71 "v "71

Date Sampled.

50

9

25

¿)
22

50
17

28

Tota]-
110

trapped.

31-41
75-57
47-60
50-57
49-58
51 -57
52-57
52-58

Sl i'Iean
(rr. )

fntroduced pop.

35 "g
49.3
53 "g
54.4
54.5
54.1
5+"4
55 "o

21

+1

158

128
152

Tota]-
110 0

trapped

31-47
28-+5

35-50
28-50
27-51



16

35

27

2+

24

24

17

16

loc.
No.

Blanche Cup
Spring

Wobna Spring

Nunnr s Bcre

Johnsonrs No. J
Borq pool C

Johnsonrs No. J
Bore, pool- B,

Johnsonrs No. 7
Bore, pool .4,

Blyth Sore

Freeling Springs

locaJ-ity

D&N
D&N
Ð¿& N
D&i[
D&N

N
N
N
N
N
N
N
N

D&N
D&N
D&N
D&I[
D&N

Ð&N

D
D&N

N
N
N
N
N

D
D
D
D

N

N

Day (D)
or

nisht (IÐ
setting

1"ii-,71
f.iii-.71

51 "íü"71
25.iv"71
51 .v ,71

11"tv"70
11 .vi.70
23 .vi "7O
50 " vii. 70

21.vüi"7O
28 " ix.70
31 "x"IO
25 , xi.7 O

13 "iv "7O22.vi.7O
24. viÍi. 70

1.xi-.70
31 .v "71

1 4. iv.70

14.vi,70
27.viii " 7O

5 "ix"6826;.riii;-70
27.viii.70
28 "viij-.7029.vüi"]O
50 "viii.70
31 "vj-=.i"7Of.ix.70

2. ix" 70

23 "xí " 69

2J "xi " 69

Date
Sanpled.

170
225
628
508
508

156
113
117
146
101

o¿
53
80

158
166
456
702
262

735

147
725

255
115
13t
124

96

196
108
155
¿)o

95

121

lotal-
no.

64,6
61 "'l69.9
71 ,5
64 "7

41 ,2
46.9
41.1
51 "3
58 "4
50.0
42 "4
57 "5

62 "6
72.8
OO.O
74.1
62.9

54.2

39.1
34.6

47.9
41 "5
34"3
37.9
+5.8
36.2
28 "7
70 "1
58"1

58.1

54.5

44óó

/"

55 "4
38 "7
70.1
28.5
35 "2

58 "9
53.2
56 "7
48 '741 .6
50 ",0
57 ":,6
42 "5

37.4
27.?
53.+
65 "g
37,1

45 "g

6
6

0
5

6
4

56.1
58,5
65 "7
62 "1
54 "z
6t.g
71 "3Áa -7

61 "g

41 "g

45 "5

9ç

Table l3

Sex Ratios Record-ed- from some Trapped- Collections
of C. eremius.



Dab
net

Trapped-
over-
night

How
sampled.

t1 "v "71
1710 hrs

t1 "v.71
1'lOO hrs

Date and- tine
sampled-

508

TotaI
nots

,9 "15

6+ "76

ô6

%

+o "8,

t, "24

99

5.61%

Difference
in resul-ts
obtained-
by the two
method-s

16+

rable 14

Sex ratios of a trapped. C" eremius coll-ection

compared with that of a col-lection obtained- by d-ab aet

'at Blanche Cup lr,lound. Spring (locality t6) "



1

5

6
B

Station

2

¿2

t7
2

Äbsolute densities
record-eC 21 .II.68.)
(nr¡mbers /m')

0

1+

25

7

+Trapoing rates
record-ed 28.V.68"

Table l5

/-bsolute d-ensities and. trapping rates record-ed- at

Coward" Springs Rail-way Bore stream (locatity 7+) on

21 .TI"68 and. 28"V"68 respectively"

* Ä single v¡ire mesh trap set at each station for a

1! hour period- o-ç¡ernight on 21.V"68.
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1 }ÏATER 1E}.{PER.A.TURE .

(") Preamble

C o eremius has been eoll-ected. in water over a
wlde range of tenperatures. The maximum tenperature at

whlch the species has been taken inras l¡o.OoO (loeality 24c

Johnsonts No. J boret 24"Xf.69) and. the minimum 9.ooO

(locality 12, Algebucklna water Ïrole 31 "VT.1"6B)" A live
collectlon taken from Nunnts bore (Ioca1ity 27) survived.

a water temperature less than this 9,OoC durlng an over-

night stop on the reti¡rn journey from the field when the

water temperature in ttre hold.ing drums i,vas reeorded as

7.5oC at OB1 O hours on 13.VIII.68 ¡rrhen ambient tempera-

ture r¡vas B"4oC, A.lthough the f ish displayed. no activity

whil-st the ¡rater temperature vras being record.ed they d.is-

played. marked. activlty upon belng disturbed by actual-

physical contact irmed.iately after.
(¡) Compefjson þefweeg inhabited- and- non-inhabited.

waters.

lab..le" l6 tists ambient and. water terirperatures

record-ed. at inhabited. and. non-inhabited. locaLities r,'rhen

I visited. the¡l during the sllrveys in the north of South

Austral-j-a" I visited. most of these places only once

and- thenefore for these only one set of temperature reaC.-

ings are available" SystematÍc read.ings taken over at

least a twelve month period. have been mad.e along the

stream fl-orv at each of two inhabited" l-ocal-lties (Covrard.

Sprlngs bore - locality 34t and. u*r¡obna sprJ-ng - locaii+"y

35), which ind.icate the general r ange of temperatr:re
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fluctuatÍons in the individ.ual r¡¡ater bod.y d.ue to seasonal

cl imatic factors (see later).

At nost of the Jocalities l-isted in Eaþ1e

r¡vater temperature rlras record-ed. at s¡¡ly one station and. in
the case of artesian flows this was usually nean the

poini of outflow and therefore approaching the maximum

value for the particular stream" However at some artesian

sites temperature was recorded at different points along

the stream and. in these instances the maximum and minimum

temperatures record.ed. ar.e shorn¡ï]o These provid.e a general

ind1catlon of the range of water temperatures present in

the ind.ivld.ual artesian fed. streanqo

Since most of the read.ings have been taken at

d-ifferent Ì;irnes of the year and. at d-lfferent times of the

dalr they are not strictl;r comparableo Nevertheless the

Octoben 1969 and. Novemben 197O read.lngs from non-inhablted.

u¡ater.s and. Noveniber 1969 read.ings from inÏlabited. waters,

both comprlslng mainly ar-tesian flovrs, are sufficiently
close 1n tine to enabl-e a reasonably nealingful comparison

to be made between theno Excl.uding the particularly

high temperature artesian flor,vs of localities 44 to 5l

lnclusive it w1Il- be noted. that the maximum temperatures

recorded. cover approxirnately the same range and. approx-

imate to the same mearr val-ues in both inhabited- and non-

inhabited. waters (see lable 17 ). Furthenmore where a

range of temperature is shown for lndivld.ual l-ocalities
the lower value is of the sarne order 1n both inhabited.

and. non-inhabited. waters, includ.ing those of the high
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temperature outfl-or¡¡s at local-ities 44 to 51 inslusive
( see iaþIe lb ) .

thus 1t i s eoncfuded. that with regard. to tem-
perature, sirnilar values and. ranges are encountered. in
the majorÍty of inhabited- and. non-inhabited. vúaters.

Uiith slmj-Lar thermal- cond.itions thus prevailing the
absence of .LÆ¡g4Sg from arry central Austral-ian artesian
fed. waters cannot be due to any d.irect thermal- banriero
A statistical analysls of water temperatures d.emonstnated.

r:Lo overalL significant d.ifference between the tempera-
tures of in.i.abited. and. non-inhabited. waters (append.Íx V ,
report A .).

( ") rhermal_-8eaÈisqtÞ-JUithin the Indlvidual
-{rrteslan Stream.

io @d.ients"
Regular bottom-water temperature reaùings

have been nad.e at stations along the popul-ated. artesian

springs at Covuard- Springs raiLway bore (Ioca]ity J4) and.

T'Jobna Spring (Iocality 35) over the perlod.s February 1968-

January 1969 and ApriI 1968-t'trovember 197o respectively.
These d-ata, together with other simultaneous measurements,

including trapping rates, are presented. in -Append.lces e
and. F . Îaþ1e; Zl presents si:nll-ar d.ata record-ed- on

one occasion at Johnsonts Noo 3 ]oare (loealiiy 3)Ð "
Tvith regar.d. to water t emperature the above d"ata

show: -
1" That in arteslan fed. streams thermal grad.ients

exist longitud.inally along the stream path"

During warmer months the water temperature tend.s

to rise within increasing d.istance from the point
of outfforv whereas during cooler months vrater
temperature tend.s to d.ropo
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2o lïre naxÍmum i;emperature range present at anJ¡ one

tine tend.s to occur during the cool-er months.

Table 18 ind.icates the maximum ranges of te¡l-
penature of water j-n ryhich C. eremius has been

observed, while t he neasurements urere taken at

three different localities.
3" *Although the species does thereforê or-Ì occasions

eimul-ianeously occupy a uride nange of water tem-

peratures Ít has never been recovered al1ve from

tnaps set f on aqy pro-l onged. period- in waten in
exeess of 4O.OoC. ObËervations and tests con-

d.ucted. at Johnsonrs No. J Bor.e d.uring suinmer and

at other times, have shown that indi-vj-d.ual-s make

brief excursions into vuater: at cr in excess of
40.OoC and. survlveo l{evertheless when held for
a period., urithin traps, in water close to or in
excess of 4O.OoC they rapièLy collapse and. sub-

sequently die (see p. 60 ). Thus it appears

that ¿+O.OoC or just below this value, is the

uppen thenmal- linit to wlr.ich the species can

tol-erate prolonged. exposr:re although it can enter

v¡aten several degrees warner for br.1ef periods

and. stiÐ survive"

4. Vüithin the range of water tenperatures nornally
present along the stnean at Cor¡uard. Springs Bore

(loca1ity 34) anil T[obna Spring (toeal-ity 35)

there appears to be no correlation between tem-

perature and. the nunber of C. eremius trapped..
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For example, the trapping rates at Coward. Springs

Bore strean show no coruelation with water tempera-

tune at the respective trap sites on 31 "VffI.68
(see Graplr 6 ) whieh varied. between 13"DoC

and. 29"9oC, a raïlge of 16"4oC; nor at \rÏobna

Spring on 25.VI"69 (see Graph 7 ) when water

temperature at the trap sites in the main streams

varied. between 2?"3oC and. JOoOoC, a range of

7,7do, thus, over these temperature ranges and.

val-ues it appears that C" eremius exereises

litÊle or no thermal- sel-ectivity and_ that water

temperature within such ranges is of no d.irect

significance 1n ileterming ]-ocal- abundance on

pauclty in numbêrso

0n the other hand. the trapping and irater

temperature d-ata record.ed. along the Johnsonr s

Noo J Bore stream on 3"TX"68 (see [ab]e 2l and.

Graph I ) aoes suggest that the species oxê13-

cises therrnal sel-eetivlty when a particularly
wld.e range of water temperaiures 1s present.

fn this set of data water temperatures at the

tr4 sites range between .j4.7oC and- 36.5oC, a

range of 21.8oC. As a consequence i t appears

that there 1s a signif icantly greater abund.ance

of the species at tempenatures ranging between

2o,ooc and. 3o.ooc than at temperatures <
or>
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record.ed. at Johnsonrs No" 3 Bore (see Table 2f
and. Graph 2 ) inaicate greater abund.ance at
temperatunes of the ord_er of 25.ooC to 35.ooO

'¡rith a pronounced. drop in numbers at temperatures

lz1 .oo c and. > jD. ooc.

ii. Lateral Gradients.

l¡fater ternperature transects mad.e across the stneam

at rllobna spring (locality 3D) and. betweerj. open water and.

the interior of stands of vegetation at Johnsonts No" j
Bore (loeaIity 2)l have d-emonstrated. the existance of
pronounced. thermal grad.ients"

Table 2O presents d.ata recorded_ at !,¡/obna Spring
(locality 55) in.april 1969 from i¡¡hich i'¿ is aBpanent that
v¡ater temperature withln patches of fil-anentous green

algae (SpinoE¡nr? sp,) was up to l¿,2o l-ess than in open

mld.-Etream v¡atero

Tabl-es 2l to 2l and. Graphs t? to ,f p::esent

d.ata record.ing bottom-water temperatures betvr¡een mid.-stneam

or open-waten pooì-s and. va:rying d.Ístances within stand.s

of nixed. vegetation (fypf:a -dorniqgel_qi_8, L., C¡rperqq

f-aevigg-ê¿g L' and scirpus sp. ) in pools or shal-Ior¡¡s

ad jacent the ¡aaln stneam at Johnsonts No. j Bore (local1ty
24) " these d.ata lnd.icates some very pronounced. thermal
grad.ients in which water tempenature d.rops with incneaslng

d.istance into stand.s of vegetatíon and. vegetated. shal]ows.
Tabl-e 2b presents d.ata cornparing bottom-u¡ater temperatune

in an open pool ancl ad.jacent vegetated sid.e shal-lows at
Johnsonts Bore in May and. November 1969. It wll_l_ be
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noted. that the larger grad.ient occumed_ d.uring the

cooler ltÍay period. when water teroper.ature averaged. 17.2oc
less in the vegetated. sid"e shal-loi'¿s than in an open pooJ-

assoeiated. i'u"ith the main chzurnel-. Such thenrnal_ grad.ients

probably exist ín a1r other similarly vegetated. ar"tesian

water bod.ies"

Visual- observations mad.e of the Co €x u

population at Johnsonrs No. J Bore (tocalitV 24) in
septemb er 1968, I'lay aniL November 1969 and June, August

and- liTovember 197os indicated tha'u the specles ïyas more

abirnd.ant v¡ith1n the vegetated. stand.s.cn sid.e shallows, at

any one time, tTran they urere in open vrater in pooJ_s or
the rrrai.n streamo Ðuring November 1969 and, 1970 this ï/as

particulanly noticeable when far fewer inclivid.uais fi¡ere

slghted, at ar\y one time, 1n the open u¡ater of the pool

than at other tiines.

In November 1970 an attempt vr¡as made to tlme

the peniod. continuously spent by individuars in the open

v¿ater of a large pool (mean-bottom water ternpenature

4o.8o0) at Johnsonts No" J Bore (locaIity 24) before
retunning to the ad.jacent shal-lowso Due to d.lfficulty
in d.lstinguishing a particul_an ind.lvldual for any ex-

tend.ed- perlod from the time after it enter-ed. open r¡¡ater

to the tine it withd.rev¡ to the vegetated. sharrows little
objective d.ata fl¡ere obtainedo Nevertheless five ind.iv-
id.ual-s were successful-ly maintaj.ned. i-n sight for tJ.e time

each spent in open irater, namely 1O5c zOZe 257t 29O and.

33O seconds"
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It is not known holri frequently they re-entered.

open u¡ater but l-aboratory observations of ind.ivid.uals

maintainecl in various sized tanks (see p. lO3 ) p"ovid.ed.

with vegetation cover (çgluryq fegvig.AtuÞ L" ) showed. that
under these cond-itions lnd.ivid.uals maintain themsel-ves

almost continuously und.er cover, making at most no more

than three or four brlef incursions of several rninutes

d.uration each into open lriater d.uring C.ay1ight hours o

F1efd. observations of ind.ivid.ual movements into the

flowing main stream at Jolursonr s bore, where vrater tem-

peratures in the higher reaches are I¡ooC+, showed- that

such incursioils were very infrequent and. of extremely

sho::t d.uratlon of no more than 10 second-so

As d.emonstrated- later (see p. 121 )

is negatively phototactic, characteristically spend.ing

consid.erably more tj-ne und-er cover than und"er open- ilIum-

ination" As suggested. this proba'oly constltutes a pre-

d.ator-d.ef ence and. food. searching process o However 1n the

fiel-C., d.ue to the characteristical-ly lovuer temperatures
f-(especial-ly in summer months) in vegetated. shallov¡s, than

in open water, it appears highl-y probabl-e that sueh

cooler vegetated. shall-ov,¡s also constitute a thez'mal- refuge"

C o ere¡nius

(") Verti al Thermal Grad.ients

Incl-ud.ed. i-n the routine d.ata record.ed. at Coward.

Sprlngs railvuay bore (locaI :-tr 34) and. 'dobna Spring

(locaIity 35) (see Append.ices Ê and. F ) are bottom-water

temperatures and. the temperatures of the silt 2.5cm
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beneath the bed. surface at each stati_on" At Coward.

Springs railway bore ternperature lri/as also recorded. at

9.0cm depth. Append.ices q and. H shor,v these botûom u¡ater

tenperatures and the d.ifferences bet'ween the¡n and- the

record.ed. sub-bed. tenperatures o

Considerlng the Coward- Springs data it is
noted that, exclud.ing station 1 (vrhere sub-bed. tempera-

ture vr¡as ah,-,nays higher than bot'aom-r¡rater temperature),

sub-bed. temperature at either depth was with few excep-

tions l-ess than the bottom water iernperature except in
June 1968 when the therrnal grad.ient ïras inverted."

Furthermore thls difference rffas usuall¡r greater at 9,Ocm

d.epth than at 2.5cm d.epth. Table 21 and, eraph lô d.epict

the mean water and sub-bed. temperatures at the Corvard_

spnings bore stream on each occasion d.ata \¡¡as record.ed."

rt is seen that the maximum d-ifference betu¡een bottom-

vr¡aten and. sub-bed. temperature,s tend_s to occur during the

warmer months when bottom-wa'ber temperatures are higher.

and. vrl:en the sub-bed. temperatrre at Z,D and goOcm d.epth

averaged 4"4 and. 5"BGo l-ess than the ayerage bottom-water

temperatur,eo The maximum d.iffenences record.ed. was on

21 "TI"68 u¡hen at station B the sub-bed. temperature at

2,5cm d.epth vras 7.BCo less than bottom-irater temperature

(37"Boc) and. at statlon J at 9.Ocm d.eptTr was 9.8Co Jess

than bottom-r¡¡ater temperature (J7.SoC) o As vr¡iIL be

shor¡,'rr ]ater (see p, b7 ) the mean critlcal thermal- maxlma

of specimens of Cu eremius s ampled- at t he bore strea-rn on

the same d-ate was d.etermined. to be 4O.BoC. Since
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specimens were col-lected. at both statlons J and. B on this
d.ate, it is cLear that those f ish inì.abiting these stations
Tilere subject to a bottom-water temperature very cl-ose to
the naximun toleranee leveJ for that time of th.e yean.

The pronounced. ther¡ral- grad-ient between the bottom-water

and. beneath the fine sil-t bed offers a potential thermal

r-efuge as r/r¡as confirmed. on this d.ate (and on tr¡¡o other

occaslons, viz. '|4.XTI "67 and. 15"XT.68) when a nr:mber of
erem]-us specimens Tfere sjfted- fro¡n bed_ si1t, betv,reen

stations J and. B, sampled down to a d.epth of approximately

lcm "

lhe d.ata record.ed. at ln/obna Spring (locality 36) (see

Table 28 arrdGraph 17 ) agree in part with those from

Coward. Springs nailway bore (locality 34) o At the Xvobna

Spring head (statlon 1 ) the sub-bed. temperature, with two

minor exceptions, exceed.ed or equall_ed. bottom-water

temperatu-trêe Beyond- station 1 thene were sinÍl_ar dlffer-
ences betrreen bottom-water and. sub-bed- temperatrres but

generally these T¡rere not as large as those record.ed at

Coward Springs rallway bore (localitV 34), fn ad.d_ition,

although the sub-bed. tenperature was more often l-ess than

bottom-water temperature there \Mere many more zero gnad.ients

and. tenperature inverslons than at Coward. Springs railvray

bore (localitr 3Ð and these r,rere not nestricted. to the

cooLer months of the Jteare Graph 17 plots the mean val-ues

given in Table 28 o fhe patter.n of this graph although

far l-ess d.istinct is similar to that of Graph lb of the
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Coward. Springs raj.l_way bore (1ocality 34) d.ata. îÏrese
smaller d.iffer.enees and. more frequent lnver.sions appear

to be d.ue tc the faster flowing stream and. the d.ifferent
texture of the becL sitt of the main channel_ at 1ffobna

sprlng (locality i5), (a coarse sand- rather than a fine
nud-). IVhen one coosid.ers the d.aia (see Tabre zg ) ""-
cord.ed at Stations 12 and 1j (a J-ange sid.e pool which

occasionally contai ned. stand.ing water" and. has a fine silt
bed. unl1ke the main ch,annel) it i s seen that the d.iffen-
ences between sub-becl and. bottom-water temperatures are
generally fan larger and. temper-ature inversÍons far, fewer
than necord.ed. in the main channe]" rn ad.diti_on vrhen the
d.ata in labre 29 was graphed. (eraph lg a ) the veny pro-
nounced. pattern is cì-early slmiLar to that o f Graph

obtained. from the coward. sprlngs Bore (Iocal-itv 34) d.ata.
I'u:rtherrnore on JO.IIT.69 at station 1O, ,Jüobna Spring
(localitv 3Ðe several c. eremius ìfl¡ere found. lmmed.iately

bel-ow the stream bed. surface where the d.ifferences between
bottom-vrater temperature (eB"5oc) and. at z"Dem sub-bed.

d.epth vras -1 .5Co.

vvhether the fish aetively burnow into the sil_t
bed. is unconfir.med sinee labonatory observations have not
ind.icated. an¡r bunrowing behaviow by C" e remius in tanl<s

provlded. lrtth fine slLt bed.s, Resting lndivid.ual_s d.o

howeven tend. to settl-e passively into bed surfaces com-

posed. of fine silt and thereby become pantially burieil.
rt is conceivable that a sufficiently lange thermal grad.ient
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bett¡reen the surface and. beneath. the silt bed. might

stÍnul-ate the specÍ-es to buruow" but this has not been

tested."

( a) A Thermal _Befuee.

The folLolving f ield experinents and observations
at Johnsonts No. J Bore (Iocality 24) ind.icate that the
thermal gradient ôiseussed. 1n the previous section (p"57 )

provid.es an important thermal- refuge for _e_g___er_en_i-uQ.,

This i s particurarly so dr:ring summer months wlien the
temperature of open pooJ-s and. other bod-1es of waten may

rise to l-ethal level-s toi¡¡¡ards the mid.d.le of the d.ay,

io On 3.IX.6B at statlon .l (see Table 2l )

sevenal ind.ivid.ual-s wez.e observed. to make brief exeursions,
from amongst the stand.s of mixed. vegetation, into the

sr,vlftly flowing open water of the main ehannel_ (lottom-
water tempenat*" 41 ,7oC). After some rapid. swinning

movements lasting rÌo more than approximately þ second.s

the individ.ual-s d.ar^r,ed. back into the vegetated. shal_lovus"

A trap containing 50 fish selected. from a rarge number

trapped nearby d.r:ring the previous night (tottom-water

temperature at trap site at tirne of coLl-ectiog = 36"5oc)
jiuas set in water at the ed.ge of the maln stream, just out
from the vegetation fnlnge where bottom-vuater. temperatune

was 41 -7oc. At t]ne end of / minutes al-l but three of the
fish were either dead. on in a state of co11apse. The tnap
ïras immediately reset in the coorer water at the original
collecting point. vüithin a minuËe 1o of the comotose
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fish appeared to recover but the remaind.er had. not

recovered. after a penlod. of 5 minutes.

ii" Immed.iately following the previous experi-
ment a si¡lilar test was cond.ucteil. at station 2. Fifty
flsh coLlected. in neanby shal-lorms in traps set d.uring the

pnevious night (lottom-vrater ternperature at trap site
at ti¡re of col-lecting = J4.toC) ïrere transferced in a

trap into water at the sid-e of the ¡rain channel- where

bottom-water tenrperature ïuas 4O.8oC at time of setting.
All but 5 had collapsed after 10 ninutes" Upon belng

reset at the orì-ginal coll-ectlng point the r:lajority
appeared. to reeover wlthin several minutes.

iii. On the morning of 2"TN,.70 flsh coLlected.

d.uring the pnevious night in several traps at each of
three sites in shaLlours u¡ere transferned., in traps, into
water in the mid.d-le of the maln channel ad.jacent the

respective sites. Table 30 detall-s the effects on the

fish as a resul-t of belng transfer"red. into the warmer

water" It will be noted. that the lower ttre temperature

into v/hich the flsh were transferred. at eaeh of the sites
the longer the period. taken for the initial d.eaths to

occur and the greater the survival capacity of the re-
naining ind.ivld.uals o

ivn On 26,XI.69 at OBoo hours, 9 wire traps $¡ere

set in a large open pool" Upon being coll-ected. after lf

hours alL the fisb. taken in J of the traps ì/-rere found. to

be d.ead., whilst those 1n the renaining traps rüere all alive.
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Tabre 2z d.etails the number trapped. in each of these
tnaps and. the bottom-water temperature necond.ed. at each

trap site when each tnap was col-Ieeted,. From the d.ata

it appears that temperatures 1n excess of 4o.ooc prove

fatal to Co g at least uh.en exposed. to these tem-
peratures from a perlod. varyi_ng up to 4 hours (trre setting
tirae) ' There is no way of telling how long the fish
Tuere in the tnaps before oying. rt Ís quite feasibre
that if the period. 'of exposune had been longer that the

fish col-]ected al-ive at the loirrer water temperatures

would. Trave eventualiy d.ied., ITevertheless it is clear
that the flsh do enter and v¿ilL survive varying period.s

in water at, or in excess of, ternperatures which rvould_

eventual-ly prove fataL.
ve On 29"XI.69 three traps were set at OBjO hours

in a pool in open water lmmed.iately ad.jacent a stand. of
mixed. vegetation. Eight hours l_ater at 163O hours the

traps lvere yrithCr,awn artd 27 of the 39 trapped. fish \uere

found to be d.ead.. At the time the traps were corl_ected.

the bottom-water temperature at the trap sltes rÂ¡as re-
corded. as ]¡goOo0 and. at 1D and jocms wlthin the ad_jacent

stand- of vegetation, as 3z"Doc and. 31oooc respectively,
ioeo 6.5 and. 8.OCo less than in the open water. It is
pnobabLe that iraten ternperatures lvent beyond. these teveLs

earller 1n the d.ay, nevertheLess this clearly d.emonstnates

the therrnal refuge avairabl-e to fish at quarters close to
open unshade.d. vr¡ater that attains lethal temperatUr'es¡
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( ") Thernal Ac-glina=t_Lgk

lhe thermal tolenanee studies, reported. below,

that I have mad.e upon C. eremius in the field. and. the

laþoratory demonstrate that withÍn the ind.ividual i¡¿ater-

way the ryeeies is acclimated. to the temperature of the
waten at the section inTrabited.o thât the specles und.er-

goes seasonai thennal accLimation correl-ated with eharges

in v'¡ater temperature and that it acclimates rapid.ly to
increases in water temperatrlr€e

Technique "

The technique f d.evised. for measr-rring upper

ther¡nal- tolerance is not a f ormerly stand.anilised. pro-

ced.ure therefore the reeults are not strictly comparable

wlth those obtai ned- from si¡nilar lnvestigatlons on othen

species o

The technique entail-s subjecting fish to

progressively ineneasing water temperature and. notlng at

v¡hat level they col1apse. Initial1y it was intend.ed.

that this test woul-d. measure the upper thernal d.eath

point but th.is was not feaslbl-e, s ince in many instances

apparently d.ead. subjects revived., at least temporarily,

upon being tnansfemed. back to c ooler water f ollowing

the conclusion of a test. Owing to this d.ifficulty in

ascertalning at just t¡¿hat point death occurced." I decld.ed

to measrlne crj-tical thermal ma¡cima (c.t.m") the criteria
fo:r which T took as t he temperatr:re at wÏrich the test
subjeet undergoes total collapse and- cessation of all
externally visible þody movenents, (þa¡rtfy aften CÕwJes

(tgt+Z)) concept. F'our flsh sel-ected.
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at rand.om were employed- for each test anil the critical
thermal maximum..was d.etermined- as the rnean of the four

ind.1vid.ual read.lngs takeno Ïn tTre field the test was

usually cond.ucted. withln an hour of the fish being

col-lected..

fhe equipnent .used. in these tests comprised- a

loOmlo eapacity polythene beaker set 1n a large water

bath (23 titre metal dnun) and. he1d. 1n position by means

of a wine frame (see figc 15 ). Prlor to the stant

of a test the water in the bath n/as raised to near'IOOoC

by means of a single-burner butane camp stove" trl{hen

this had. been achj-eved. the burner was extinguished., and.

the polythene beaker was placed. in the water bath, The

beaker- contained. the four test subjects and was filled.
to approximately three-quarter capacity with waterr at

or near arnbient temperature, which had. been taken from

the locality from whlch the test subjects themselves calneo

As the tempenature of water 1n the beaker rose bottleil
med.ical grad.e air was passed- through the beaker water

via an aquarir:m air stone" The purpose of the rising
stream of smal-I ain bubbles i,vas to ensure an efficient
nixing of the water so that heating tuas relatively uni-

form and that dissolved. oxygen was maintained. at the

maximun possible saturation point. This uias t o ninimize

possible asphJpclatlon effects upon the test subjects ilue

to the progressive d.rop in 0, soLubility levels as waten

temperature rose. By thj-s means it was hoped. that the

principal stress and. uLtimate collapse of the fish would.
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be d.ue primarilSr to direct heat action. A polythene

baffle was attached. to the insi_d_e walI of the beaker.

(see flg" lb ) to pnevent rising air bubbles spread.-

ing across the water surface and obseuring the test sub-

jeets. Poì-ythene flywlre anound. the aperture at ttre

base of the baffle prevented. fish moving into er-ose prox-
inity around the a1r stone and. out of view of the observero

ïn ad.d.ition, polythene fI¡nvire \ryas fitted. over the top of
the beaker to prevent fish leaping out and. at the same

time allow an u¡rinterrupted. view of their cond.ition.

The temperature of the water in the beaker rnas kept und.er

constant survei-l-Lance by means of a O-5OoC glass bul-b

thermonetero By this technique a falrly rapid. and. uniform

transfer of heat took place betv,¡een the water bath and. the

test beaker enabling lethal levels to be reached. 1n

approximatery 1o minutes. The general tend.ency v'¡as fon

subjects to eollapse in ord.er of inereasing slze ioeo

smal-Ier fish more often collapsed. at lowen tenperqtures

than larger spec jmens ,

îhe number of test subjects ernployed. for each

test was ferr in order to avoid. excessively d.epreting the
populations upon which relative d_ensity and_ tagging and.

recovery stud.ies Ìrrere slmultaneous]-y being cond.ucted"

Neventheless a statlstical analysis (see p" to1 ) of the

data obtained. has ind.icated. that samples of four subjects
$rere ad.equate to provld.e valid_ d.ata,
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(i) A,cel-imatlzation al-ong a Thermal Grad.ient a

Data have been obtained. from therma-l- tolerance

tests conducted upon saleples taken f::om the Cn eremlus

populatj-ons at ,àifferent stations at Wobna Springs

(loca1it¡ 3Ð and. Johnsonrs Noo J bore (l-ocal itv 24)

vrrhich indicate that the species acclimates to locaL

water temperature d.ifferences u¡h1ch occur sinrultaneously

within inCivid.ual water!üâfsc

At ilVobna Spring (local,ity 35) on 26.VfI.6B four
subjects u¡ere selected. from col-l-ections trapped. at

stati.ons 7 and. 12 r.espectively. Tïithin an hour of beÍng

colleeted- these saraples i¡¡ere subjected_ to thernal tol_er-

ance testing" Table 3l presents the resul-ts of these

tests together with the vr¡ater temperature at each of th.e

coll-ecting sites. ft i-s seen that the two sa-mpIes taken

from water d.i-ffering by 9"9Co showed. a significant
d-ifference of 4"OCo in their: respectlve mean critical
thermaL maxima.

/rt Johnsonts No. J bore (localitr 24) on 3"IX.6B

test samples \,ïere taken at five stations along the bore

stream vr¡hich extend-ed. over a wide thermal grad.ient of
22.5ç0. Ufithin an hor:r of being collected. the samples

Trere tested. in turn to establ-ish their respective critical
thermal maximao The:.results of these observations,

presented. in TabLe 3land- Graph lì , suggest a corcelation
exists between water temperature at the collecting sltes
and. the cnitlcal thernal naxl¡nao
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(i-i) Seasonal Acclima tion.
Monthly fiel-d. d.eterminations of upper ther¡aaI

toLerance have been mad.e with fish sanpled- from the

Coward. Springs railway bore (locaIity 34) population

over the period. Febnuary 1968 to March 1969 lncl-usive.

These data, together with bottom-lrater teraperatures

record-ed. at the sampling sites, are presented. in Table 33

arrl1 Gnaph l8b .

ft 1s seen that as the water temperatu::e

rises in summer relative to winter IeveIs, the cotono of

Co erenius al-so rises by 5.9Co, Thus the species

acclj-matee to seasonal changes in water temperatu.rêo

A si¡illar phenomenon has been found to occur in other

fislres includ-ing Carassjqg aurAlgq (linnaeus) (Hoar 1955)

and 3!pæ nebuLosug (le Sueur) (Brett, 194¿+) in r,¡hlch

an upward. shift 1n the upper (and. lower) tettrat tempera-

tr.¡res 1n summer months reJatlve to '¡rrinter ievels has been

noted."

VVlth regard. to the data in table 33 statistical

analysis has sho¡¡r¡n a si.nple l-inear correlation of O.73

between waten temperature and. crltical- thermal maxlma

and. a significant d.ifference (at 5% level) be'bween the

critlcal- therrnal- maxima means fon February and. Ju¡.e 1968

(App end ix V ¡ report.' -.Þ .) .



6B

( iii) AcclÍnation Rates"

In order to gauge the ord.er of rapid.ity with
v'¡hieh C, eremius accl-irrates in response to changes in
¡uater temperature I cond.ucted- a series of thermal_ toler-
ance tests in which the progressive change in critical
therrnal maxima l-eveJs lras measured. of stock exposed. to

increases in water ternperatüÍêc

1 o feehnique

Laboratony stock were maintalned. in a raea.n

constant temperature in a relatively eool

basenent roorn for fourteen days prior to each

tnial in ord.er to accl-1mate the fish to a

knou,'n cool temperaturer A daily morning and.

aftennoon check was made of the water tempera-

ture in the hold.ing tanks to d.etermine the

range of fl-uctuation over the acclimatlng

peri.od-. This d.id. not exceed. J.OCo and. there-

fore it nay be considered. that a fairly stable

acclinating tenpera.ture r¡ras maintained. over the

pre-trial period.so In¡rediately prlor to a

trial- commencing 4 fish rr'üere sel-ected. at

rand.om from the hold.ing tanks and. tested. for
their mean critical thermal maxima in the nanner

previouslyd.eserl'oed.(seep, 53 ), Twenty

flve fish were then sel-ect,ed. at rand.om fnom

the hoLd-ing tanks and. dlrec.tly introd.uced. into
vr¡ater 1n a test tanic maintained. at approximateLy
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11¿ICo and. 14.3Co higher than the respective
pre-trial acclinating teurperatureo At pre-

determined. time intervals aften being intnod-

uced. into the higher temperatune water test
sub jects $/ere removed. from the tank and. their
critical thermal- maxima d.etermined..

ResuLtso

Tni-al A, In this trial- Ja fish rfrere used.

for each set of determinations which Trere nad.e

at 24 hour intervalsn Table 3{ and Graph 20

present the results of this trial. It will
be noted. that since the graph more or l-ess

l-evels off at, +24 houns it appears that thernral-

accl-imation occurs r,vithin the fir,st 24 hours

exposure to the rise in temperature from ,u 2OOÇ

to 31 "Loc,o For a vrater temperature rise of
{\, '11 .l oC mean c"to¡tro rose 1,3oC.

lrial B"

This tr.ial conmenced- urith 4 fish being used. for
each set of determlnatlons. However due to the

aerator. failing some time prior to the third.

set of reailings being taken several d.eaths

occurned. prematurely, It was therefore nec-

essary to neduce the nunnber of read.lngs taken

at subsequent d.eterminations to tvüoo Thus the

aecuracy of these mean values is somewhat red-uced."

The d.eterninatlons in this tniaL were mad.e at
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5 hour interval-s. From the results presented.

in Table 36'an1 Graph 12 it appears that

accl-imation occurs and. is completed. between

5 and. 10 hours after exposure to the higher

vr¡ater temperatureo For a vrater tenperature

rise of ^t 14.3oC nean critical therrnal maxj:na

r,ose o.9b?"

rry ( 1958) has pointed- out that accl-imatiz-

ation by fish to increasing temperature is a

rel-atlvely rapid- process and the resul-ts of

these artifically ind.uced acal-imatizatlons

upon C. eremirl_9. confirm that this speeies is
no ercepti-on. Doud.oroff (lel+Z¡ and. Brett
(tg44) found. tl:at in margr fishes maximum

aeclimatlzation to therrnal increase was achieved-

ivithin less than twenty four Ïrours at tenpera-

tures above 2OoC" This appears to be the case

with C. erenius since the results of the seeoncl

acclimatization trial- ind.j-cate that the species

fully acel-imated. vrithin ten ir.ours to an apprcx-

irnatel¡r 14"3Co rise, fron .\) lgoc to 33o3oCo

Slnce the t¡rpical artesian fed. habitat of
q._gem.Ug, such a Johnsonts Noo 3 bore (1ocaIity

24) t d.isplays substantial thermal grad.ients over

rel-atively shori d.istances eogo 21 "j}o and- 16.1Co

over 6ocm and. 20cm distances respectively (see

po 51 ), it is obvlor-rsIy to the speeiest ad.vant-

age to be able to readily ad-apt to sud.d.en changes

in water temperaturee as it cano
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2o cHE¡/rïcAr CHARACIER]SÎICS 0F frrE W
Ð{VÌRON}In{T AND SAT]NTTY TOT,MAI{CE TN C" EREIVIIUS"

(.) Preamble

In ord.er to compare the chemical characteris-

tics of v¡aters inhabited. by Co eremius ruith those of

non-Ínhabited. waters in the central Australian region and.

elselrhere I col-lected. water samples from a number of the

localities inspected. d.uring the course of fleld. surveysc

[hese samples rïere subsequently ana]ysed. by the

Australian Mineral Development Laboratories (RO.etaiOe) .

Append.lx Q lists AMDEL reference numbers of these analyses

whlch are detailed in Table 3ô , to show the comparison

between inhabited- and. non-inhabited. Traterso

(¡) Char.actenistlcs of trTlater fnhabited. by
Co eremius"

(i) Ionic Content

It is eviilent from the d.ata given in Table 3b

and sum¡oarized. in Table 37 that the located.

populations of Co êrÊüius ty¡ricaIly occut in permanent

þodies of surface waters, usual-ly of artesian origin
assoeiated. with elther natural- springs or bores. The

ions found- in all of ttrese artesian waters are simil-ar

but the proportj-ons of the ions vary and. the total
salinitles extend. over a nel-atively wide range (i.e. 347 -
Bl$5 popnm.)o All except three of the populated artesian

iraten sltes h.ave a salinity gr.eater than or equal to

3,OOO pop"rtroe a value which VfiLliams (lg6Ð arbitrarily
classified. as ttsal,iner?.
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Consid.ering the minor. occurrences record.ed. from

ephemeral waters (snalt vrater holes, river.s, creeks);

in such habi-tats C" er is subject, at least tempor-

anily, orr some occasions to far l-ower sallnities than

¡¡voul-d. normal-ly be encountered. (following heavy rainfall)
and on other occasions to considerably highen sal-inities
(auri-ng period.s of high evaporation), especially in small

or isolated stand.ing bod.ies o f vra'ber. these mi-nor

occurrences appear to resul1, from the d.ispersion of

ind.ivid-ual-s away from the principal population sites by

flood.waters. Al-though such lraters car,-not be regard.ed

asp ermanent habitats for Co eremius populations they

nevertheless ¡rust be taken into account because they

possibly corlstitute a method. for the d.ispersal of the

species (see p, 17 )"
In add.ition to such small ephemeral waters it

is clear that the larger more permanent water bod.ies

(waterholes, reservoirs, d.ams, artesian pools and. streams)

are al-so sub ject to significant temporary fluctuations of
salinity d.ue to the same clj-nratic factors. Thus even

the pernanently established. C" erem 1US populations are

exposed- to occasional manked- changes of salinlty.
Salinity in fact is probably eonstantly changing, centain-

Iy in stand.ing bod.ies of vrratero

Vflthin lnd.ivid.uaL arteslan fed. sur.face iraters

salinity grad-ients and d.ifferetlces in lonic contents may

occur along the stream path and. between the main stream

and. associated. bodies of lvater at any one timeo
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l,'llater samples taken simul_taneously at severaL

points along the arteslan streams at Coward. Springs

nai-l-rvay bore (locaIlty 14) and. rffobna Spring (locatity 35)

ind.icate that i.onic content and total saÌlnity grad.ients

exj.st along the paths of artesian sr¡rface flo¡irs. The

d-ata from these samplings (see Tab]es 38'31) shovrs that

total salinity can rise quite marked.ly in a slovrly fLow-

ing str.eam (ZA% over a d.istance of 453 metres at locallty
3Ð or only s11ght1y in a swiftly moving strean (Zlo over

a Clstance of 126 metres at locality 35), and. that the

proportion of ind.lvid.ual- ions may change so that some

(".g" C1e SO4r HCO3r Na, Mg) may i-nerease whilst others

(e.g. NOS, Ca, ) d.ecreaseo fn ad.d.ition the ionj-c com-

position and. total- salinity of outflowing artesian water

may ehange significantly over a varying period of time

(see Table .{O ) and. it has been found. that, d.epend.ing

on climatie factors, marked temporary variatlons in
salinity can occur in an artesian bod.y of water, partic-
ularly in standing water to the side and. at the termlnal

section of the fLovr¡ (see Tab1e 3g )" Co eremi-us is
therefore subject to, and. cleanly successfully ad.apted. to,
vrid.e fl,uctuations in water salinity and cornposition in
time and. space, even 1n apparently permanent bod.les of
watero
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( ri) liVaten oH"

fhe hyd.rogen ion concentration of 1n-

habited. waters u¡as record.ed. (by means of toxyphenr papens)

over the nange pII 6.8 - '11.Oo The pH level-s of meteoric

r¡¡aters (originating from ralnfaLl-) and. of arteslan waters

at the point of outfl-ow were close to pH 7 oO, ranging

between pH 6.8 and. 7.6 (see Table 3b ), In contrast,

d.ata record.ed. along the artesian streams at localities J4

and- 35 ( see Append.ices E and. tr ) and. elsewhene shows

that hyd.rogen ion concentration t¡pically increases vrith

increasing d.istance from the outflow point. The maxinum

record.ed. pH range at anJr one tine within an ind.ivld.ual-

bod.y of water vras a range of 4"0 pH units at locality Jh

(Z6"Vtt"6B) fno¡n pH 7.O to pH 11.0 over a d.istance of

460 metres along the stream fJowo f have forrnd. such a

hydrogen ion grad.ient to þe a normaL featune of artesian

fed. streans and the nislng values appear closely eorrel-
ated. with the density of aquatic vegetation, particularfy
flLamentous green algae, in association with stand.ing or
minÍmall-y flowlng ï¡aten. In ad.d.ition, transects of

water tempenature, d.epth and. pH mad.e on 50.IV.69 at

several stations across the st::ea:n at Tüobna Spring (see

Table 20 ) ind-icate that Ìgrd.rogen ion concentration is
higher anongst stand.s of fil-amentous green algae than in
ad.jaceni open flowir¡g lvater, by as much as 0"9 pH units.
Howeven I have found. no evld.ence of vertieal- hyd.rogen ion
grad.ients. At Coward. Springs railway bore (locality 3l+)

on JO.VI.6B I record.ed. no differences in pH between
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surface and. bottom-waten sanples taken at each Station"

ilVater samples \¡¡ere obtained. by means of a 25nI pi.pefte"

i|able 1l ind.icates the water d.epth and. su:rface and.

bottom-r¡vater pH readings nad.e at each station,
A comparison of trapping rates wlth wate:r pH

at d.ifferent stations along t,}re strea-ms at local-ities 34

and.35 (see Append.Íces E, and- F ) does not 1nd.1cate 
"ny

appa.nent correlation between species abund.ance and. water

pH wlthin the ranges encountered.o

Doud-oroff and, K.atz (ISSO¡ revlewing l-iterature

on luater. toxicity in rel-ation to fish concl-ud.ed. that most

ad.ult fish are abl-e to live ind.eflnltely 1n waters with
pH above 5"0 and. up to 9.O; furthermore that much more

extreme pll values, posslbly beLcw 4"0 and- above 10"0

can be tole:rated. for long period.s by more resistant species

and. for shorter periods by less reslstant ones. At

local-ities 34 anð. 35 vrater pH frequently rose above 9.0

at stations towards the end. of the streams. At locallty
34 ( see Append.lx e ) f :-sti have been trapped in water at
pH 1O"O on two occasions, (3O"Vf .6Be 26"VLI"6B), at pH

9o2 - 9,8 on three occasj-ons (28.v.68, jo.vr.68,

31 "VIII.6B), but not in lvater above pH 1O.O on the two

occasions these levels luere record.ed. (3O"VII"68, pH 11.0;

31 .VIIf.6BrpH }1O"O). Á.t Locai-ity 35 (see Append.jx )

fish have been trapped. in water at pÏl 9"1 - 9"6 on four

occasions (24"r "69, 13 "xr,69 e 27 .w.u6g, 31,N.7o) .
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(.) Comparisons of fn-irabited. V'traters vrith
Non-irùrab it eil- Vf at er s "

The l-ocal-itles f inspected. from which Co eremius

was absent includ.ed- both artesian fed. pool-s and- streams

and. permanent and ephemeral water bod.ies of meteoric

origin" An initlal comparison of the analyses for

these non-inhabited- loealities (see lables 3ö and. 37 )
Índ.icate a similar range of Íons (1ncIud.ing pH) ion pno-

portions and. salinity as record.ed. from inhabited. waters,

so there is no obvious coruelation of, such paraneters

with the presence or absence of Co eremius,

Pronpted by Hed.gpethts (lgSg) nio.ac¿uatic

classi-fication of inl-arld. waters based. on eertain anionlc

proportions, a cl-oser examination of ionic proportlons

shou¡s a partial correl-ation with the known occurrences

of g.g--9r.9!LigE. Hed.gpeth (lgSg) aistinguished- between

r¡vater.s 1n whlch SO,.- or CO,- ion content exceeds C1- ion
4)

content and. those in which CL- exceeds eithe:r SO, - or4
CO=- lon content. TabLes 12 anð, j3 J-ist the rel-avent)
lonic values for those permanent i¡¡aters (anteslan and.

meteoric) tor which detaiLed. analyses are glven in

Table 3b . In 13 of the 14 in]:abited. waters (see

Table 12) Cl- ion exceed-s both SO,l and. CO"- respectivelly,4)
while in the remaining water rnass Cl- ion exceecl-s tÏre

SO,,- but is l-ess than the CO=- content" Slmilarly, in+)
B of the 1! non-inhablted. (see Table{!) waters CL-

content exceeds both SO,,- and- CO=- respectivellye and-4)
in 6 exeeed.s SO,.- onfy; in the nemaining sample the Cl-

L+
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content is l-ess than CO=- eontent and. equals SO,.- content,)'4
thus in all permanent habitats of Co eremius the C1-'

eontent of the water exceed.s either or both, more usually

both, the SO,.- and. the CO=- conientso Hovrever since in'4t
all but one of the non-inhabited- waters cited. C1- content

slmilarly exceed-s at least one or other of the two ions,

it d-oes not appear that thene is a cTremlcal barrler, in

terms of Hed-gpethrs lonlc crlteria, preventing tJ e

occurnence of Cc €F t_us.

A partial- correlation exists between the species

d.istribution anc- Jackr s (lgzS) fry¡rothetical neutral line
(see figure '17 ) aivid.ing the South Australian portion

of tl. e Great Australian 4,rtesian Basin into eastern and-

western pantso Jack (lgZl) establ-ished. this l-ine on

the basÍs of the proportion of SO,,- to CO=- content in4t
artesian waters and. suggested- that the differences

either side of the line were d-ue to d.ifferent areas of

intakeo TVest of the neut:ral- l-ine SOh content is

greater than C0=- content r¡vhereas east of it SO,,- content)4
is less than CO=- contento As figure l7 shovr¡s the)
c'öeneral eastern l-irnit of C. eremius is almost Jaekr s

(lgzS) neutral line wlth three apparent exceptions;

Dalirousie Springs (]oca11tr 1/1) upp*oxlmately 1]aî east

of the line, l-ocalities at or near Coward. Sprlngs (toc-

aliti es 33t 3L+, 35) approxlmately 241str east of the line
and. Clayton Bore (Iocality 44) lO]<ln east of ttre l-1ne.

Howeven, aj-I ny chemical analyses d.isagree urith

Jackts (lgz1) data to some extent (see Tabl-e 4O¡ and.
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there are some qui-te large d.iscrepancies in total
salinity figures (total d.issolved salts) at some 1ocal_-

ities, in particul-ar localities 18, 29, 36, 5U, and 60.

rn ad.dition, individ-uaI ion contents are ùifferent in
¡aost cases and in two j.nstances (tocalities 1/1 , fi) the
proportions of SO,,- and CO=- are actually reversed., and+t
quite markeùLylr so that whereas accord.ing to Jackr s

(lgZl) d.ata COr- is in excess of SO4-r in my d.ata SO4-

is in excess of COr-. It therefone appears ttrat the
eomposition of outfLowing arteslan vraten can change

quite d.rastically over a period to t1¡ne (see p" 8b ) if
both sets of d.ata are correct" Assuming the aceuracy

of ny d.ata, Jackrs (lgzs) neutral- Jine now lies further
east than he shovred. i t so as to encompass Ðalhousie

Spnings (local i-ur l/l) a¡d. Coward. Springs proper

(localitv 33). rt is unllke1¡z that either Jack's (lgzS)
d.ata or my own vrould. be so inaccurate as to account for
at least the langer d.ifferences and. for the large re-
vensal in d.ominarrce of certain lonso A possible reason

for the d.ifference 1n the d.ata may be d-ue to different
sampllng techniques" At least mJ'resu]ts are internally
consistent s ince, ¡rherever practicable, r sampled. as near

as posslble to ttre outfl-ow point of the spring or bore,
the samples frora which Jaclcf s (lgZS) aata were obtalned.

may not necessarily have been coLl-ected. in such a fashlon
and., as has been seen (see p. ?3 ), quite manked. gradlents
j-n waten composition and. ciranges in ion content can occur
along antesian surface flovr¡s.
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Although there appears to be a tend.ency for
permanent c.-:s:sM population to occur most fneo.uently

in r¡vaters in vrhich sou- is greater than ca3- content,

there are, as hre have seene some exceptions, Thus it
d.oes seem that the rel-ative proportions of SC,.- and. CO.-+)
ions night not, w'ith1n the varues recorded. in the central

-australian regiorr, necessarily have any direct llmiting
effect on the occurrence of the species.

The apparent correl-ation betvrreen the distribu-
tion of the fish and, the ion content ratios of the waters

'west of Jackt s (lgzil line may be a f ortuÍtous accid.ent

of geological and biologlcal history rather tb.an an ifl-
d.ication of argr d.lrect biol-ogical dependence of the fish
on the ion ratios of their aquatic environment"

fn ord.er to Oetermine vrhether natunal_ popula-

tions living in water in wl'Éeh S04 1s gr.eater than COj-

content are so ad.apted. to 'c,trese ionÍc proportions that
the¡r are unabl-e to survive reversed. ratios 1n thein
aquatic environnent f carried. out the fo1lowlng test,
Selecting 20 of the snal-lest available individ.uals
(zo-z5m¡r sr,) fro¡n l-aboratory stock (t¡rese presumably being

more suseeptable to environmental- changes than largen

fish) coll-ected. at Nunnts bore (localit¡r 27), where water

SO,,- exceed.s CO.- content bV 472.5 popctrlo, I placed. 1O+)
subjects in a tar:-lr containing 2 litres of antesian water

col-lected at Gasont s Bore (Iocalitr 51) in whieh SO,.- is4
Less than CO,- content by 311 .9 popotno lhe other 1O)
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subjects xrere placed in a similar tanli containj.ng an

equal quantity of artesian vrater from Nunnr s Bore

(locality 27) to act as a control-o The sub jects rffere

introd.uced. into the respective tanks on 4"rr.71 which

were set side by sid.e in the laboratory, fed. an equal

quantity of tubifex worns every seeond d.ay and a fresh
supply of the respective vraiers provid.ed every / d.ays.

Thus both l¡atches of fish were exposed_ to vir.tually
id.entica-1 environments except for the d.ifferences j.n the

ion proportions of the two sets of waters. The tanks

h/ere inspected. ever.y d.ay to see if argr deaths had. occunred..

The test continued. for a period. of 28 d.a.ys at the end. of
vrhich no d.eaths had. occurued. in elther tank. Ìt was

concl-ud.ed. that C" ereniUS is abLe to tolerate without
apparent harnful- effect exposure to vrater whose C1-,

SOU- and (H)CO,- ion proportions are the reverse to the

waten in r¡¡irich .1t'" is: bred.r at l-east for a limited.
perlod. of time" IVhether they eouLd. withstancl pnolonged.

exposure or wouLd be abLe to establ-ish a breed-1ng popura-

tion in water of this eomposition eannot be stated. on

the available evld.ence.

llVhereas Hed.gpeth (lgSg) regard.s anionic pro-
portions, in particular CI- with respect to SO,.- aniL C4 'o3eof at least partlal signiflcance as a l-initing factor" in
inLand. waters, Bead.l-e (lgl+s, 1959) emphasises the import-
ance of total- salinity. rabr. 44 lists the totaL sal_in-

itÍes of the sa¡ne local-ities given in lableu42 and. {3.
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Since the salinitles of both inhabited- and. non-lrrhabited.

waters of the central Australian negion are of the sarne

range, it does not appear that this factor either. has any

d.irect infl-uence on t]-e oceurrence of C. erenius v'¡ithin

the lake Eyre d.rainage system" However" as Bayly UleT¡
states, the relative biological significance of ionic
proportions and. total- ionic concentration as J-imiting

factors in inland. sal-j-ne watens has yet to be clearly
establ.lshed.o In the case of S_Æigg, ionic propor-

tions and. total sa}inities d.o not appear to be of d.irect

significance in l-initing the species occuruence wlthin
its present knor¡vn total range. Other f actons at l_east

und.oubted.ly are 1nvolved. in limlting d.istrlbution in-
cluding the ability to d.isperseraccessibility of other,

watersrfood. avaifability, eonpetitiveness and. pred.atory

pressureo f:ri fact, as Kinne (t Se O¡ believes, the com-

pl-exity of envÍronmental factors that interact to limit
faunal ùlstrlbution may vrel-l tre almost infinlte"
Und.oubted.ly further information on the occurrence or

aþsence of the species and. the accumnul-ation of environ-

mental- d.ata from aquatic habitats outsid.e the areas so

far survelred will assist in estabÌlshing the lÍmiting
factor/s involved. but I believe the most productive líne
of stuQy would be to introd.uce sample populations of $.
eremius into some carefuLl-y selected. permanent waters

both urithin and- outsid-e the Lake Eyre d.rainage system

and. establlsh in which, if any of them, the species is
able to su:lv1ve and. subseo.uently reprod.uce¡
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(a) Salinity lolerance in Co eremiuso

In ord.er to gauge the tol-erance of C. eremius to

salinities well bel-ow and. above the range normally in-
hablted. by the species experimental- material- for these

and other. live observati-ons uras collected. from the Nunnrs

bore (Ioca-f ity 27) population by means of wine mesh traps

(see Appendix ) and transported. by road- to the labo::-

atony in 23 l-itre capacity plastic d.rums, approxlmately

thnee-quarter fill-ed. w ith artesian rvater col-lected. at

the sa¡re loca1ity, together v'¡"ith a quantity of aquatic

plant (C¡re"o"s sp.) to dampen movement d.uring transponta-

tion" A total of 4rproximately 50 adul-t fish could. be

successfully carriecl. in each contal ner v¿j-thout aerating

the water durlng the average 24 hour return journey to

the laboratory" except d.uring the y\¡armer months" In

the very warm summer nonths (Novernber - February) the

tempenature of the water in the containers usuaJ-ly rose to

in exeess of 4OoC after only a few hours travelling
dur.ing daylight and. resulted. in almost a total montal-ity

rate. It was d.oubtful if aeratlon vr¡oul-d- have been of

any beneflt rir¡ith temper.atures of this ord.ero As a

resul-t an alternative teehnique lras employed. to tnansport

l-ive materi-al- during the hot weather, by plaeing up

to 40 ad.ult f ish in a 91itre eapacity carrvas vrater bag

attached. to the exterlor. of the vehicLe. Fill-ed. to hal-f

capacíty vrith arteslan water and. containing aquatic vege-

tatlon to d.ampen movement the temperature of the water
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within the bag vras kept belorr 2OoC and. enableil an almost

mortality-free retunn journey on eaeh oecasion it was

used." Upon return to the l-aboratory the fish were

placed. in hol-d-ing tanks fon a minimum period of seven

d.ays before belng used. in experiments. Duning this
peniod- and. throughout captivity the flsh stock were fed-

vrlth tubifex trrcrms (fP¡i.gex strl") every seeond. d.ay and. the

tank water contj-nuously aerated..

Salinity tolerance u¡as tested. by d-1rectly and.

inmed.iately transf eru1ng batches of 1O f ish from the

hold.ing tanks to each of several- smal-ler tanks (fi * '1 B x

2Oen d.eep) each containing 2 Litres of water of d.ifferent
saLj-nities" fn selectlng the fish an effort vr¡as mad.e to

ensure that ttrose in eaeh batch eovered. approxlmatel.u* the

same size range. Before placing them into the test
solutions each batch v¡as briefly rinsed- with d.istilled.

water to remove hold.ing ta.nh rvater frorn the body surfac€so

The salinity of the test solutions riras ad. justed-

by d.i1ut1ng with d.istillL-ed. water or concentrating by

evapor.ation the artesian water obtained at the bone head

at lsunnf s bore '(loea1itr Z7)o fn one test the fish were

placed. lnto seawater" With each test a contnol bateh

was maintalned. in rtnormal-rr artesian water from Nunnts Boreo

lhe tests vì¡ere run for a period. of 20 to 6O aays

d.urationo Every second. d.ay the d-istÍIled., d.il-uted. and-

saturated. $¡aters ïrere replaced. with freshly prepared.

solutiorrsc The rfnornalrr bore water in the contnol tanks
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üias only replaced. if obvious slgns of fou]-ing appeared..

During the test perlods the fish vr¡ere fed. every seeond.

day with tubif ex n¡orms (fu¡jgex sp. ) for several hours

prion to the replacement of fresh solutions" Concentra-

tlons n¡ere maintai.ned. by regular topping up with d.isti1led.

water if water l-eveIs feIl significantly. Since the

tests w€re cond.ucted. in a constantly cool room and. the

fish were not crowd-ed. aeration of the test tanks was not

eonsidered. to b e necessaryc

During the trÍals the test tanks u¡ere inspected.

every norning and. afternoon and an¡r mortalities noted..

Dead. subjects r,/vere removed. from the tanks and. their
stand.ard- lengths noted.o The trial-s \ûere condueted- at

room tempenature and water temperatures vüere noted. da1ly

each afternoon between 1600 and. 1/OO houns. The naximurn

record.ed temperature fl-uctuatÌon during any 20 d.ay period.

d.id not exceed. 4.OoCo

The following series of tnlaLs Tyere conducted.:-

lL, Five trials during each of which one test group

rffas exposed. to d.lstil-led. water, a second group

to saturated. artesian v¡ater, and a third. group

to llnormalrr artesian water (t¡te control group),

Bo One triaL d.uring lvhlch a test group was exposed.

to artesian water d.iluted. by nlneteen parts to
one urith d.istilled. water" This trial lvas held.

simultaneously wlth one of the series A trials.
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Co One trial d.uring which a test group was eir¡)osed.

to gea water antl a control group to ltnormaf¡?

artesian lvater"

The d.ata record-ed. from these trials are presented

1n -Append-ix S and. the resul-ts there-from sunütarised. j-n

Table 4f . A.ppend.lx R d.e-baÍls the chemical analyses of

the various test med.iums used in the trial-s,

The summarised. r.esults of these salinity toler-

ance tri-als shovr¡ that C el3 ius is eapable of tolerating

¡ninlmal ï¡ater sallnities approachlng zero, far Jess than

any fevel record.ed in the field., for periods of up to a

maximum of at least 27 d.ays exposllrêo More ind-ieative

however 1s the period., ranging between day 9 - d.ay 22,

d.r:ring which 5Ø" of mortalities occurred. in each of the

trials"

4,t salinity 147 popcrnr no mortality occurned.

up to the time the single trial- vras terminated. after 6O

days d.uratlon, ind.icating the extremel-y 1ow salinlty level

to which the speeies will withstand. pnolonged. exposure.

Similarly, at salinity 9797 popornoe vrhieh was

well i-n excess of the control and. 15.Wo higher than any

fieLd. record, only one mortallty occurred. during the fow

trials whieh ri¡ere ternri-nated. after varying period.s rang-

ing up to 6O d.ayso Funthermore when exposed. to seawater

with a total saÌinity appnoximately X7 that of the controL

rned.ir,im and. X4"5 the naxlmum f ield record, tolerance lras

equally remarkable; onfy one mortality occuruing d.uring
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the single trial whieh was terminated. after 60 d.ays.

These resu-Lts d.emonstnate the ability of g.
g,g¿f¿q to withstand. sudd.en pronounced. changes a-nd. pro-
longed. exposure to wid.e extremes of salinity, IÏowever,

as Bead.le (1943, n959) points out, sall,niÈy tolenenee deter-
mined. in the laborator.v- does not neeessarily give a

reliable ind.icai;ion of a specÍês ability to become per-
manently established. under natural cond.itiorrs. sal_1nity

outsid.e the natural rar¡ge but within the expenir¿ental

range may eause it to be less resistant to othen environ-
mental factors not present und.er laboratory cond-it1ons.

Neveetheless the ability to withstand such extreme changes

in salinityr particularly reductions¡ ât least temporaril}',
und.oubteùLy constitutes an fuoportant factor, in survivaro
As d.iscussed ea::l-ier (p"72 ) tne temporary fluctuations
in salinity to whieh C" er u is subjeet in nature are

pnimari1y d.ue to rainfall_ and evaporationo

But salinity of outflol,ving artesian water also

varles from one locality to another and. vrithin arLy one

local1ty (see p" 7t ) lV:-triams ?gq) suggests that ttre

chemical composition and. the salinity c¡f water fl-owing

from mound. springs and. bores probably has as Ii't tle tem-

poral variation as the lentic watens of the Great

4,ustral-lan AntesÍan Basin" However a comparison of water

analyses of samples taken at d-ifferent points in time from

ceriaj.n l-ocalities ( see TabL . 1O ) ind.icates tha.t the

composi-tion of artesi-an u¡ater een change slgnificantly
and. sometÍmes quite dnamaticallSr over a t ime interval"
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It was noted- d-ur.ing the cuurse of t}. e tolerance

trials that shortly before d.eath, fish in d.isti11ed.

water appeared- unable to naintain an upright posture and

tend.ed to lie on one side of the tank bottom, simuitan-
eousl-y exhibiting a series of sposmad.i-c body convuLsions

in the f orm of mo¡¡entany twitchirrg movements and. v¡ith
the rnouth rema-ining agape,
2).

(.) Pneambt-e

A number of studies on other fishes have

ind.icated. that a d-issofved. oxygen concentration of the
ord.er of 4-5 pa::ts per million is pnobably the critical_
l-evel- for most vrarrn water f ishes, Erlis (lgsl), for
example, in his stud.¡r of stream pollution stated, that
flsh faunas were not forrnd. 1n d.iluted. waters containing

l-ess than 4 pop"mo of oxygene He conclud.ed that 5

popernc is pnobabl-y the linitlng leveL" Moore (lg4z) irt
his stud.y of the oxygen requirements, under fler-d. cond.i-

tionsr of vanlous North Anerican freshwater fishes, found.

that oxygen tenslons of less than 3.5 poporn. ât sunmer

tenperatures of 15-Z6oC vúere fatal-, within 211 hours, to
most species" 0n the other hand oxygen concentr:ations

of 5"0 poporrì. and. over Trrere completely non-lethaI to all_

species tested." 1,{oore (lgt+Z) theref ore concl_ud_ed. t hat

d.iss.olved. oxygen concentrations of at least 3.5 to 5.O

ÞcP"Ioo âr€ essentiar to the survivaf of most vrarm water

f ish at summer tenper-atures (t5-Z6oc¡.
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On the other han<j- Brown (lgSl) pointed out
that El]is (lgsl) failed. to conclusively show that much

l-ower oxygen l-evels d.id not in fact oceur at aîy tine in
the watersstud.ied-. rn add.ition Kaetz and. Gaufin (lgss)
in their stud.y of the eff,ects of sewage pollution on

f ish i n mid-western North Aneri.can str-eams repoz'ted. that
populations of va::ious warm water specles occuffed. in
waters 1n which v,rid.ely fl-uctuating oxygen l-evels some-

times d-ropped. well belor¡u l¡ p,p.mo for short period.s.

Brovrn (lgSl) in summarizirry experiments on young

salmonid,s (a cold vrater group) by Townsend. and. Earnest

(t l4o¡" Tovrnsend. and Cheyne (f g¿++), Graham (tg4g),

Davison (l gSÐ and Shepard. (lgSù states that whil_st

oxygen eoncentrations in the region of 2 p.pomo may be

critical for some forms others may survive concentrations
Less than 1 pop.mo fon long period.s. Furthermore com-

paratÍve tests by Btlrdick et al (lgSÐ ind.lcates that
vrarm water fishes are more resistant to low oxygen

l-evels than cold. water f ishes.

(¡) Field Measur-ement s

fn tJ.e light of the above observations I
d-eeid.ed. to gauge the ond.er of d.issolved oxygen eoncen-

trations to which C" u 1s subject. By means of
Al-sterbergrs (lgzs) method. of d.eterminÍng oxygen level-s

as d.escrlbed by chamberl-in (lg6l) f nrade fieLo measure-

ments at several- stations at tiÏobna Sprlngs (locali$r 35),

together urith o ther routine d.ata, and at Nurrnr s Bore
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(Iocalitv 27) " Tab1er46'4ïp"esents these rlata" rt wilr-
be noted. that at j.Mobna spring the record.ed. l-evel-s varied.

between 2"0 and. 4"O popomo and. at Nunnrs Bore the single
nead.ing lvas oo8 popono At all sites at which water was

sampled. f or the purpose o f these d.eterminations C er US

Tvas simultaneously present, All these concentrations

are qulte low l[hen compared., for example, with oxygen

concentratíons charaeteristic of t he Murray River

waters (* of the ord.er of B p,porro).

Thus it 1s seen that, in summer at least, g,
eremius is sub ject to, and. abl-e to tol_enate at least
tenponar'1ly, water with very lovr d.lssolved- o4/gen eoncen-

tration, However as Brovr¡n (lgsl) pointed- out in rel_ation
to othen stud.ies this d.oes not necessanily ind.icate the

minimum Jevels that may be present at the LocalitÍes
studied.. Pol-lution (ror example by virtue of cattl-e
urine and. faeces and. putrifying carcasses) may well lower

oxygen levels consid.erably for short period-s of ti.me, at
least in some secti-ons of the habitat.

fVithln the range record.ed. at Wobna Spnj_ng thene

appears to be no rel-ationship between oxygen concentra-

tion and. the specles abundanee (see Tabte 46 ) " Brown

,? A per.sonal- communieation fnom J, Johnston Esq., South

Australian Engineerlng and l{/ater Supply Departrnent

(BoLivar laboratonies) o
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(lgSl) states th.at avoldance reactions by fish in natural
grad.ients may limit d.ispersal but with regard. to the

available data relating to Ç=__gt-emius r d.o not necessarily
know the fuII extent of the oxygen concentration gnad.ient

that may be pnesent at any one timeo

Since C" eremius has shown to be able to wlth-
stand at least tenporary exposure to othervrrlse Iethal
leveLs of water temperature and. salinity it is coneein-

able that the species ean sirnilarly survj_ve exposure to
excessivel-y lolu oxygen concentrations, probably less than

the O"B popornl record.ed. at Nunnts Boreo

It has been observed (see p. 113 ) tfrat g"

enemlus 1s appanently abl-e to perform aenial respiration,
and thereby able to sirviver at l-east temponanily, low

d.issolved oxygen levels, This vrould certainly be an

asset to ar5r fish in-hra'loiting waters prone to such lovu

oxygen leveLs as lnd.icated_ here.



Table lb

Bottom water temperatures record-ed- at d-ifferent

water masses, both inhabited- and. unj.nhabiÈed. by

9. eremius, Ín the central Australian regì-on.

In the case of artesian waters, ât l-east orre

read-ing was taken at, or as close as practieable

to, the outflow point. V/here two read-ings are

given the second- one was that taken some

consid.erable d-istanee. from the outfl-ow point and

gives some ind-ícation of th.e range of water

temperature at the particular locality.

tf etemi us successful- ly introt{rre.ed. 2.fX.|O.C



Table 'lb

TNIIABITED NON-I

Loc.
No.

locality Date
Record.ed-

A-mbient
temp.oc

Vüater
temp" oc locali-tyTtoc "

Noo
Date

Record.ed.
Amblent

temp. oc
Vfater
temp. o6;

1/1

1/+

75

1/
27

5o

t

t+

7

18

14

12

v,
2+

19

1t
15

16

47

Finke River,
Hermannsburg H, S.
Peake Creek
/\lgebuckina
Waterhole
Dalhousie Spring t
Nunnrs Bore
Coward. Springs
proper
lVobna Sprj-ng
Johnson's No. 3
Bore
Coward. Springs
Bore
Dalhousie Main
Spring

Dal-housie Spring 4

Ilomest's \l[aterho]-
Bimibirriana
Spring
NiJ-pinna Spring
lrVood.-Duck Bore
OId- Peake H.S. Bore
Freeling Springs
Blyth Bore

12.rrl .70

15 "Xt "68 28.9

'1B.XI.69

19 "Xr "69 2+.O

,0. vrr .68
t1 "vlr,6g

20 "o
12.5

5.VrrI.68
'1'1 "VIII"6g
,1 .XI.68

15 "+
18"0
22.2

'1 .Xr.68
1,Nf .68

20.1
1t.v

27 "7
27.5

20.xf .69
21 "Xr.69

26.8
29.O

12"1
12,O
v1 .B

21 "Xl "69
21 "xr.69
22.Xr ,69
25.Xr.69
21.xr.69

16.o
+8,1-1' "O
26.O-18 "7

t0 " 5-22.V
t6"r-17 "o

v1 .5-22 "o

44 , O-21 .6

54.5
outlet

'18. O

2+.5

25 "6
29,'

t5 "6-29 "6
27 "4-26 "+

26.O

20. o

21 ,9
9"O

Ilookeys lVaterhole

Cramps Camp
\{/aterhole
Alberga Crossi_ng
*Blanche Cup Mound.
Spring
\tr/arburton Springs
Mul-IÍgan ÍJprings
Twelve Springs
Montecol-ina Bore

lilloolatchi Bore

Paralana Hot
Sp-rings
Paral-ana Overf]ow
Balcanoona Creek

Card-ajaibamana
Spring
lake Harry Bore
Clayton Bore
Dalkaninna Bore
Cannawaukinanna
Bore
Ulima Mitta Bore
Gason Bore

t6

B

9

5

6+

54

12

62

61

60

55

20

'+7

'+4

'+5

'+6

5o

51

1 "VIrr " 68
,1 .IX.68

2. TX.68
24.x"69
24 "X"69
29 "x"69

29 "X.69

to "x.69

to "N,69
vo "x,69
20 "Xr.69

22.xr ,7o
22.XI "7O
22.Nt "7O
22,xr..7o

22.XI "7O
22,xr "7o

2"V.69

2.V "69

27 "5

2' "o

21.5

20. o
2t "o
26 "5

2'.'

?6 "O

5

0

7

6

o

7
1

21 "O
17"4

16"

18.
11"
36.

76.5
t4,g

19.
28.

tt.

10 "7-2' "1

51"5-2+.+

,o.o
55 "t-Vt+.6

60. o
45 .5

81 .t-7o.5
91 "O-21t"6

19 .5

26,O

20,5
1r.7

21 .7
25.1
25.5
11 "O

25 "g
zLI.B

21 "6



lower
temp.
ran8e

Higher
tenp "range

l'úean value of lower
temps " (v'rhere more
than one temp.
record.ed. and-
including
Iocalj-ties ++^r1) "

R.ange of lower temps "(where more than oñe
temp. record-ed. and-
includ.ing
localities ¿l+-51).

L[ean va]-ue of
maximum temps.
( exclud-ing
localities 44-51) 

"

Range of maximum
temperatr¡res'
( excl-ud-ing
local-ities 44-51).

29 "6-17 .O

29 "a

44.0-'lg " o

fnhabited.
lïaters

29.6

51 "r-21 "6

.\on-inhabited-
lïaters

Tabl-e 17

Comparison of thermal- cond.itions prevailing ì-n

Inbabited. a:rd- Non-inhabited waters (nainly

artesian) " Based on d,ata record.ed dr:ring

November 1968 and 1969 and. October-November 1970

as given in table lb All values in oC.



labl-e tg

Maximum ranges of bottom water temperature

which C. eremius has been observed. to

simul-taneously occupy.



Table 18

24 t.rx.68

t+ 1' "XT.68

75 26 .Vrr.68

Ther
ma1
raJfg
occu
nied-co

21"8

9.7

10.9

Johnsonrs
Bore

Coward-
Springs
Bore

V/obna
Spring

Irocality Loc.
no"

Date
record.ed

28.9

19.9

2

Amb.
temp "oc

52.O

29.g

76 ,5

UIax. temp
at which
C. eremius
colleeted-

OI
sigh! ed

C

19.O

1+.7

22.3

ûLir.. ùemp
at which
A. eremìus
col-Iected-

O]1

ted.
C

sisb



Graph b

Numbers of C. eremius trapped- in water at

varying tempera-bures at Coward. Springs

Railway Bore (locality t+) on 71"VIfI"68"
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Graph 1

Nr.mbers of' C " eremius trapped. ín water at

varying temperatures at \¡'Iobna Spring

(tocality 75) on 25.VI"69"
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Grâph I

Number of C-. eremius trapped in water at

varying temperatures at Johnsonrs No. ã

Bore on t " IX" 68 "

Graph I

Number of C" eremius trapped- in water at

varying temperatures at Johnsonrs No- 7

Bore on J1" ruII " 70 .
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Graph lO

Numbei's of C" eremius trapped- in water at

varying temperatures at Johnson's No. J
Bore on 2.IX"7O"

Graph ll

Critical thermal- maxima of C" erenius

trapped. in water at d.ifferent ternperatures

along the stream at Johnson's No. J Bore

(locality 24) on J"IX"68"
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fable l?

Boùtom-water temperature and- trappins rates

record-ed- at several stati-ons at Johnson's No. J

Bore (locality 24) on 2.fX.7O. Single trap at

each station set 2o hours overn-ight. [emperatures

arrd- trapping rates record-ed- simultaneously 1t2O

hours 2"IX"TO "



[ab]-e t)

1

¿

7

+
q

6

Station
no.

t5.o
19.7
28,o
t4 "5
2+.O

t5 "9

Bottom-
water
temp.
at trap
site
o^

1

4
2

3

1

2

0

No. fi-sh
trapped.



TABIË 20

Temperatnre, pH and. d.epth transects mad-e across

the stream, between open watey and. algal stands,

at \,'lobna Spring (local-ity 55) or 30.IV.69.



.ê'1ga1 Stand
ad- acent l-eft bank

Öpen Mid Strêam

AIgaI Stand
adi acentr t bank

Centre
of

stand-

Edge of stand.
ad. j acent mì_d

stream
Station

5

Edge of stand.
adjacent mid

stream

Centre
of

stand
28,5
29.o

'10

8"3

10.o
30 0

4

7 6

30.5
30.o
10

7.5

30" 0

B

B

28

1

7

30.o
29 "5

+

8.4
Station

6
28,6
28. B

5

no

30.o
29.. o

1

7.7

29.g
29.e

6

7.6

30.6
30 .1

13

7.5

50"0
29.5

5

7,7

29.9
29.7

3

7.7
Station

7
Bottom HrO temp (oC)
2"5ø. sub-bed temp (oc)

HeO depth (cm)
pH

Bottom HrO tenp (oC)
2.5cm" sub-bed temp (oC)

HeO depth ("n)
plI

50.6
70,O

5

7"6

10.7
50.o
11

7.6

28,4
28.5

1

8"0

30,5
29.6

7

7.6

lOo)

26"1

4

7.7
Station

11
28.g
28.0

1

8.3

28.5
28 "5

1

8"1

Bottom HrO temp (oC)
2.5çn. sub-bed. temp (oC)

HZO clepth (cm)

pH

Bottom HrO temp (oC)
Z5cru sub-bed temp fC)
HeO depth ( cm)
pH



Table Zl

lñiater temperature transects mad-e between mid--stream

and- ad.jacent vegetated. shallows at several stati-ons

at Johnsonrs No. J Bore (locality 2+). Record-ed.

oSoo hou-r,s t.TX"68" Single trap set in vegetated-

shallows ad.jacent main stream at each stati-on for
,14 hours overnight and- coll-ected- ogoo hours 7"TX.68"

Á,11 temperatures bottom water read-ings"

Station '1 situated. approxinately l rJOOm' along

stream auiay from bore outflov¡; the remaining

stations situated- d-ov,rnstream from statj-on '1 by

the following distances (from station 'l ),

stn. 2) 19n; stn. 5, 53n; stn" +1 19Am; stn" )t

77Om; stn. 6, 4BJm"



[able 2l

St-ation Dístance within veg. stand.s (cns )

Difference between
mid. open stream water
temp. and- mini¡u.m
water ternp. record-ecL
wíthin^ad- jacent veg.
stand "C.

Nors of
C " eremi-us
trapped-

30.o 60.0 i

1

(_

t
+

5

6

?_6.5

19.7

20. o

1r,4

15 "2

?_1.1

6"5

6"1

IJI1d. open
stream
water
-bemp 

"
O/d Fringe " 5.O

\,¡Vater
temp.
at
t::ap uC

site

Water
pïI at
trap
site

+1 .7

¿LO. B

26 "5

21 "5

14 "V

17 "O

t9 "5

35 "5

21 .t
17.'

16 "O

55 "o

21 .O

16"9

t€t.,

1t "1

21 .O

16.9

1r.1

16 .'
t+"1

27 "o

20 "5

14 "7

17.O

6.8

6.C)

6"6

6,6

6"+

6.7

69

67

121

148

16

1B



1

¿

5

+

i
6

7

B

Y

Trap
No.

)14
'-1- r

7Q.

vB

40
zo

+o

4
+
U

U

o

Botto¡n
water
temp.
oc"

[raps in rvhich
all fish col "alive.

+1.9
¿

7
2n

+1"7
+1 .2

)¿
5B

1

No. of
fish
trapped-

Bottom
water
temo "oc"-

Traps in which
al-l fish col.
d.ead. "

q

a

1B

ldo. of
fi sh
trapped-

4C. 8

Open
pool

19 "+

veg "fri-nge

3r.1

'1Ocm
with-
in
ve8'

11.1

20cm
with-
in

*Mean bottom water tenps

Tabte 22

Numbers and conCj-tions of C. eremil:s_ trapped. in
a pool at Johnsonrs No " j Bore 26,XI.69. Traps

set O80O hours, collected. 12OO hours. lTater

temperatures record-ed_ at collecting time,
* Data from table 23



Tab1e 23

Water temperatures recorded. at varying d-istances

into the interior of sta:rd.s of mixed. vegetation

and. at '1 metre into Õpen water ad-jacent the

respective sta¡rd.s within a large pool at Johnsonrs

No. 7 Bore (locality 24). Recorded. 1200 hours

26.XT."69. -ê"1-1 values oC.



lVIean
value

Range

I ILZ O

(43"9
(+1 "4(+1 "7

tr.5
+2
t9
+1

19
40
t9

79
40
z.9,

40

B
0
6

o
o
U

1
tr

9
0

-)a

(
(
(

+1 "7
41 "2
41 .1

7

(
(
(
(

+1 ,t+
+1 "O
40"O
18 "+

+

(
(
(

40.0
t9 "5zotr

t9 "2
19.,
t8 "6

Stand-

)istance within v9g.
( crns )

stand-

40"8

38.o-
+t "g

Open
pool
bottom
water
temp "

t9 "+

7CE

+2 "B

Fri-nge

15 "1 1t "1

29"o-
40 "5

)o^

ZO

1o
1+O

t+
76
3+

t6
38
11
t7

q
q
tr

U
1

1

5
o
,
7

ZIL l-\

74.o
t+.9

10"0

27.8-
16"5

27 "B

16"5
29"9
17 "1

tr.o
12"1
t1 "5

1+ "B
15.5
to "+
16 "t
28 "i
11 .4
t+.2

20 "o

2"1-
16 "1

16"1

n(
1
+

n

9
9

6
5
9
¿

+
5
6

7
1
6

6
q

6
1

1

11"5
Õ4Õ"t
,"1

Difference
between open
pool bottom
water temp.
and. ¡rininnm
water temp.
record.ed-
within^veg.
stand. "C.

7.8

Table z1



1

2

1

+

Stand.

to .5
3t
29

28

tr

9

o

tr'ringe

Distance within veg" stand- (cms)"

29 "'
t1.o
28 "9
26.5

1.,

28 "t
to.+
26 "1
2+.2

5.O

22.7

15.O

19 "4

50.0

19.O

40.5

+.2
2"1
oq

1V "5

Difference
between mid-
pool bottom
water temp.
and- minimm
water temp.
record-ed.
within veq.
stand- g.o""

Table z1

Water temperatures record.ed- at varying d.istances into
the interior of stand.s of nixed- vegetation situated-

in a pool at Johnson's No. 3 Bore (locality 2+).

Bottom water temperature at centre of pool = t2"5oT"

Record.ed. \VVO hotüs, 21 oVí"7O. All values in oC.



Table 26

l,Tater temperature, d.epth and- trapping transects

made between mid--stream and- the ad.jacent vegetated-

shal-l-ows at three sites at Joh:rson's No. J Bore

locality 24). Record.ed 1600 hours 11"VIII.7O"

Single trap set at each station for 24 hour period..



îable 25

Transect

Nots
trap-
ped

12
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o
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Temp
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Graph tz

Aquatic thermal gradienùs between the fringe (O)

a:rd. the interior of mixed- stand.s of vegetation

at 4 stations along the stream at Johnsonrs

No. t Bore (locality 2+). Mid. stream open

water temperatures ad-jacent the stand-s were as

fol-lows: st . '1 , +1 ./oC; st " 2 , 40 " 8oC;

st. 1, 26"roC; st. 4, 21"5oC"

Record-ed. t "lX"6B "

Graph 13

Aquatic thermal grad-i-ents between the fringe (0)

and. the interior of 1 stand-s of mixed- vegetation

at Johnsonrs No" V Boye (1oca1ity 2+) "

Record-ed- 26"XI" 69"
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Graph l1

Aquatic thermal gradients between the fringe
(O) a:rd. the centres of 4 stand.s of mixed-

vegetation in a pool at Johnson's No" 7 Bore

(locaÌity 2+) " Record-ed. 21 "VI"70" Mean

bottom water temperaùure at centre of pooì_ =

52"roT"

Graph t5

Aquatic thermal grad-ients between mid_ stream

(0) and- adjacent vegetated- sid-e shal-lows ai
4 transect stations al-ong the stream at

Johnson's Nc" l Bore (locality 2+). Reoord_ed_

2"IX"7O. For transects '1 and. 4 vegetation
fringe is at '1m d_istance from mid_ strean; for
tralsects 2 a¡rd. 7 at 2m d_istance.
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Water Temp. oC

Date and
time
record.ed.

6 "v "69
0600 hours

28"xr.69
11OO hours

Table zto

Comparison of the difference in bottom water

temperatures in an open pool a:rd. ad-jacent

vegetated- sid.e shallows at Johnsonrs l.To. V Bore

(locality 2+) in winter and- suÍrner. Each value

is a mean d-etermined. from 40 rand-om read-ings.

17"7

29.5

Open pool

12 "3

2+.7

Vegetated.
sid-e
shallows

1t "o

17 "2

Difference



[able eì

Mean botton water temperatr-¡.re and- d-ifference

between it and. meal sub-bed- temperature (at

2"5 and. 9.O cn d-epths) at the various stations

at Coward. Springs Railway Bore (locality 1+)

on d-ifferent occasions between December 1967

and- December 1968.



Date Record-ed.

14 "Xrr "67
21 "rr "68
22.IIT "68
26. rV" 68
28"V" 68

,o "vi "68
26. VIr . 68

71 .Vtr "68
28 "X"68
15.Xr "68
19 "XIr "59

1t "5
2+ "'
t1 "+
2+ "t
19.9
16.2
17 "2
20 "9
28 "1
28 "2
jo.8

-o.9
-1.7
-o" 6
-o"4
-0.4
+o.5

-o "9
-2"+
-1"6
-2 "2

o

-1"e
-5 "1
-1"6
-o.7
-0. B

+O .4
-1 "2
-t "4
^ñ-(. (

-Z lL

-1"2

2"5 cm
sub-bed.
(mean

9.O cm
sub-bed-
(mean

d.ifference) d-iff erence )

Bottom
water

ûlean 'tlfater Temp oC

Tabl-e 2-



Graph lb

Mean bottom water temperature a:rd. difference

between it and- mean sub-bed- temperature

(at 2"5em and- 9.O cm d-epths, respeetively)

at the various stations at Coward- Springs

Railway Bore (locality 1+) on d-ifferent

occasions between Ðecember 1967 a:rd-

December 1968.
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Table 27

Mean bottom waùer and- mean d.ifference in sub-bed-

temperatures record-ed- at the stations at ¡iv'obna

Spring (locality tr) "



Tabl-e 28

I[ean Temperature ^

27 "rV "68
29 "V "68
,0"vr"68
26.VIII.68
1 " IX.68
28"X.68
15 "Xr "68

2+ "r "69
24.rr.69
70 "rrr "69
to "rv "69
25 "Vt "69
17 "xr "69
22 "rT "7O
11 "rV "7O
10 "VT "7O
29 "VTt "7o
?2 "Vrrr "7a
27 "rx"70
t1"x.To
25 "xr "7O

Date Record-ed-

29 "1
2+,O
21.,
2' "7
26 "5
29 "'
to .,
11.8
32 "2
29 "t
29 "9
26 "4
to"7
29 "g
28 "O
)aL
28 "2
28"8
25.1
74tr

to.B

Bottom
water

-o "7
-o "t
+C"1

-.0. 5

-a) D

0

-1.5
-0. B

-o "1
-0. B

-n4
-o "1
-0.1
+O.1

+o "t
+0.'1

+O "1
-o. 1

-v. z
-^ lL

+0"2

2"5 cm
sub-bed-
mean ifference



Graph l-T

Mean bottom water temperature and- d_ifference

between it and- mean sub-bed. temperature (at

2"5em d.epth) at the various stations at

Iffobna Spring (Iocality 15) on d.ifferent
occasions between April 1968 and- November

1970.
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Tabl-e 2?

Combined. mean bottom-water and- sub-bed- temperati-l¡es

record.ed- at statj-ons 12 and. 19 in a sid-e pooJ-

associated- with the stream at ï/obna Spring

(Ioca1ity 7r) "



Table 22

vo "vr.68
26.VTI.6g
,1 .IX.68
28.X.68
15 "XI.68
24"1.69
lO.rrt "69
25.Vr "69
lt "xf "69
27 "rx.7O
t1 "x.7o

Date Record-ed.

1t "5
19 "O
19 .8
29.7
to "o
11"+
25.2
17 "+
to "5
18 "1
t1"o

Bottom
water

Iúean Temperature C

+o "5
-2"o
-2.7
-1"2
-2.8
-4"8
-2"2
-1"7
-o.4
-o "1
-O.5

2"5 cm
- sub-bed-(rue¿n dißg-l



Graph lE a

Mean bottom water temperatu¡e and d.ifference

between it and. mean sub-bed- temperature (at

2"5cm d.epth) at stations 12 and- 1t (ephemeral

sid.e pool) at l,Vobna Spring (1ocality t5) on

d-ifferent occasions between June 1968 and.

October 1970"
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t

2

1

Site

55.o-1oi.3

28.O-t+"5

2+ "O-J' "g

Collecting
sitefs water
temp "

oc.

19.9

40"0

+o.7

Mid- strea¡r
water temp.

o

6

14

¿

Total
lfo' s
trap-
ped 

"

Effect of introd_uction
into ¡aid- stream.

'1st d-eath at + 1.J mLrt
2nd- d-eath at + 7 "O ryi-n.

First two deaths at'+ 5.0 ¡oin" Extreme
stress and_ opercular
novements in renaind,er
at + 1O.O min. butalive at + 15.O min.

-{11 d.isplay stress at
+ 5.0 nin" First
d-eath at + 7" Remaind_er
d.ísplaying stress but
al-ive at + 15 nin"

Table 3o

Results of transferring c. erenluq,, trapped. (24 hour
setting) in cool-er water of sid-e shar-lows, into
ü¡armer mid--stream water at Johnson's No.7 Bore z"rx.?o"



Figure l5

Equipmeni, empl oyecl to measure e.ri tj,oal-

ther¡ra} maxima"
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Figure lb

Equipmenl- ernployed- to measr-:re criti cal

thermal maxi-ma - baffle a¡rd- airstone

amangement "
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12 tg "ooc

7

Stn"

zB "9oc

Bottom
temp o

water
^

1

2
3
+

17 "1
t7 "+

oc
C

o

t7 "5
t7 "8

o
o

1
¿
A

+

Subject

40
+1
+1
+1

*E
.goc

c "t "m"

t? "40c

+1 .4oc

1\[ean
c.t.m"

Table 3l

Compari-son of upper thermal tol-erance levels of

9." eremius sampled. from two stations at l,\robna Spring
(locality t5) on 26.VIf .68. Record-ings rnad_e within
a:e hour of collecting"



Table 32

Comparison of critical_ thernal maxima (c.t.n0. )

l-evel-s of C. eremi ttsS ampled- from several-

stations along the stream at Johnson's No. 7

Bore (locality 2+) on 7"fX.68. Record.ings

mad-e within an hour of collecting.



TabLe 32

5

+ + 211 metres

t

a

1

Stn Distance
aIong
strearn (m)

Noo

+ 781 metres

+ 61 metres

+ 21 metres

22.5Co

1?.OoC

17 "50C

21"toc

55 "50C

tg.roc

Bot. water
temp" at
collecting
site

1
a
a_

J
ttT

I
¿
t
4

1

2
t
+

1
¿
t
+

1
a
t
+

Sub ject

47.zoc
Vz " s?c
17 .r:c
V8 "ou c

1e "o?c
40 "5:c
+1 "r"^c
+2 .1" C

79.5
+o "5
+1 .O
42.O

oc
oc
o/a
oñ

40. B
+1 "6
+2 "O
+2 "t

o
o
o
o

C
U
11

r1

40.8?c

i):Zzï
42.toc

c.t.m.

6.z}o

17.50C

79.50C

+o.7oc

+1.Toc

+1"7oC

Mean
c.t "m"

Range



Table 33

Critical- thermal maxima recorded_ of C. eremius

sampled. from Coward- Springs Railvray Bore

(l-oca1Íty tr) on d.ifferent occasions between

February 1j6B and Marc]n 1969.



24.Ír .69

2+.r "69

28 I x.68

t1 "vITr_ "68 zl "goc

26"Vrr"68 16.50c

70 "Vr .68 12 .80 C

26" rV"68

22 "TTr "68

21 "rr.68

Date
Record.ed-

29 "4

29.70C

lo. ooc

t1"ruc

28. OoC

26.2o c

,16. OoC

2t "?oc

71 "50C

,+.+oc

Bottom ln/ater
[emp" at
Collecting
Site "

1
4.

1
+

1

1
2
7
+

1
2
t
+

1
2
7
4

4
I

2
t
+

1
2
t

1
¿

+

1
¿
7
+

1
¿
1
+

1
2
t
+

1
¿
4
ltI

Subj ect

40. o
40.9
41"'
42 "O

o
o
o
o
^

C

+2.20 C

41 .OoC
+t.v?c
41 "7ic
42.O" C

t9 "5:c
i3:3:3
40 "5"C

tB
vB
40
40

o
,
o
o

o
o
o
o

^
C
C

rc">?c
t8 "ric
40,oYc
40. otc

4?.ouc
7z "t?,c
t7.g"c

t>.>?c
,6 " 7u^C
t7 .o:c
77 "1'C

75.e?c
15 "gic
76 " 5:c
t6 "9" c

70 "?2c17.6:c
ttg""?rZZ

IVot I

Record edl

+1.+uc
+t .5?c
41"6"c
+1 .6oc

19
t9
+2
42

6
6
0
o

o l1

c
õ

C

o
o
o

c.t.m.

+1 .1oc,

+z.zo c

+1.roc

40"1"C

tg .20 c

79.zoc

t6 ,5c C

to.toc

t? "60c

+l "5uc

I{ean
c.t.m.

Tab1e 33

40.Boc

28"V.68

17 .4 C

1 5. Xr .68

19 "XIT " 68

to "rrr.69



Graph t8þ

Seasonal changes in critical thermal- maxima

of C " eremi-us and- bottom vrater temperature

at Coward- Springs Raì.lv'iay Bore, February 1968

I\,Tarch 1969 
"
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72

4B

2+

o

Time maintained-
at higher water
temperature
( rrours )

1
2
t
+

1
I
4
+

1
2
)
4

1
¿
t
+

Subject

28
29
11
5+

2+
26
27
32

26
27
29
1t

29
29
,o
t6

Stand-ard.
length
(nn)

+1.7
+2 "O
+2 "O+2.A

40
+2
+2
+2

a

9
o

¿

41
42
+2
+2

E

o
0
o

4C
40
40
+1

5q

,
o

c.t.m.
oç

41 .9

41"7

+1 "B

+o "6

Mean
c.t "m"oc

Table 31

Progressive changes in critical thermal maxima of

q. ere¡rius d.irectly erposed- to and. maintained. in
water (at t1 "1oC¡"'', 11Co higher than water kept in
for for¡rteen d-ays previously (19-2OoÐ 

"

Test cond.ucted. 16 "III "7O "



20

15

10

,

o

Time maintained-
at irigher water
tenperature
( hours )

1

I

1

2

1

2

1

(
1

4

1

¿

4

Subject

37
41

t2
+1

t+
+7

4-o

+2

+2

+9

44
+5

+6

+7

Stand.ard-
fength
(nxl)

+2

+2

q.

,

+2 "2
42.7

+2"5
42 "'

41.O

+1.5
+1 ">
+2 "O

41 .4
+1"+
+1"5
+2 "O

c "t.m"
oc

42.5

+2.+

+2"5

+1 "5

+1.6

I\[ean

"uå"

Tab1e 35

Progressive changes in critical thermal maxi-ma of
C. eremius d-irectÌy exposed. to and. maintained_ in
water (at 71"VoC¡ ^' 14.OCo higher than water kept

in for fourteen d-ays previously (18"0 20"OoC).

Test cond-ucted- 28.IV" 70.



Graph l?

Thermal- acclimation rate record_ed- when

g . erelnl-us fiias erqposed. to arr r\r 1Æo

rise in water temperature (from r-, lgoC

to 11"7oc) "

Graph 20

Thermal acclimation rate reeord.ed when

C. eneniï.s was orposed. to an r\r 11Co

rise in water temperature (fro¡r "-, zOoC

to 51"1oc.
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Table 36

Chemical- Änalyses of water samples taken at various

l-ocalities principal-ly in the central Austral-ian

region" -A]lalyses caffiied- out by Australian l[ineral

Development Laboratories (see Append.ix a ).

* Data from lililliaus and- Siebert (1967) 
"

+ Uninhabiteo rrntil C" eremius introduced- 2"IX.7O"





Tab1e 3-l

Range of content of najor ions and. total sal-inities of
permanent waters known to be inhabited. by C. eremiug
(14 sites) compared- with those of some pernanent
non-inhabited. waters (15 sites), al-I in the central
AustraÌian region. Quantities e>çressed- as parts per
nil-l-ion and- summarized- from Table 3b "

J+7 - 8+t5 1+2 - B44B
Iotal
lissolved.
solid-s
( salinity)

ion

C1

so,,+
HCO1.

NO-t
F

ITa

K

Ca

-i,{g

Fe

BO

2'
119

rì

0
qR

ô

,9
0.6

o

tSro
1770
1O+5

t

-2515
100

211

188

Tnhabited.
waters

25

<5
,q

o
n

+,
o

1"7
o

0

+27O

640
1095
40

2997

80
)44

201

Non-inhabited.
waters



Table 39

Content of major ions a::d. total sal-inity of water sampled_
at d-ifferent stations along the stream flowing from
Coward- Springs Railway Bore (locality 74) on ZG"IV.68"
Quantities expressed. as parts per mi}lion"

Cations

Mg

1719

1859
4020
4765 1195 ni1

1200

12+9

1125
1186

710 1+A 100, trace 7o

t1
51

J6

150t70 1O25 trace
+ro 46:2 1O5O nil
720 215

1

2

6

B

Sta-
tion

aì

77
287

+5t

Dista:rce
from bore
head-
(netres )

SaÌinity

cl- SO+ HCO 4 NOt

.ê.nions

Na K

74
t4
17

1'

Ca



Table 3?

content of major ions and- total salinity of water sampled.
at two stations al-ong the stream flowing from r¡Vobna lVlound.

Spring (Iocality 7r) on 27"IV"68. Quantities erçressed_
as parts per mi11ion.

Sta-
tion Cations

Mg

29

12

1

n

rì

126
v717
tg27

Distance
from bore
head.
(netre s )

I
I Salinity

12BO

ltBO
115

1+O

c1 so+

1O+5

1O7O

HCO
5

trace
nil

NO 7

Anions

1192
127'

Na K

76
26

Ca



T3BLE 1O

Comparison o f major ions and total sal_inities
from sanples taken on different occasj.ons from

certain antesian waters in the central-

Australian region.

Data after Jack (ISZS)



loc.
No.

local-j.ty

I /l Dalhousie Spring ¡eain
spring (proba.bty :
Jack t s '?Dal_housiei{ot Spring't

26 lfr.lrrnts Bore

89t
99+

29

5423
5609Strangr.rays Springs

râ,1__Ltray -Bore 5624
5901
6'a7B31 Coward SprÍngs proper

74

3417
3751

55

Coltard Springs
R.ailway Bore

i¡iobna. Spring
3719
1199

36 Blanche Cup Spring

1717
5044

+o34
4654
513143 lake Harry Bore
1315
1874

44 Jlay'con Bore
1 087
1549

+5 Dalka¡:inna Bore

6
46 Cannawaukj_nirrna Bore

16
48 Koppereman:ra No " 1

Bore
6

54 Pa.ral-a¡ra Hot Springs

7A60 l.{ontecol_ina Bore

103

Totaf
dissofved

sa]-ts
(ppor)

942
1 4O3

1226
1 621

786 ,

1272

1110
2197

4o05
65ze

2017
2O05

;

25

5B

1B

18

19

252

553

+36

387

+75

352

23e7

a+)

606

tyace

¿
F

ï'ace
ni1

-L
ti

OB6

c1

3
29

+45

1

1

T

î

36

4
z

64

6

O

3T
100

3;

+5

5

ñ

I
NIa'N0--

2"1

co--)

600

I
lvltfCa+K+

208
21270

i726trace
1849trace

1344tyaee

1 200trace
1 19230

ïon content

1B
56

53
49

183
200

16
+8

11
11

1797
1815

nil-
ni-l

103
69

s0.-
+

5
>5

100
150

321
565

29
2B

14
33

2a
32

92
¿o

156
152

216
445
450

49+
49+

514
+77

417
198
452

505
511

416
462

428
433

406
381

31+
37+

148
675

144
61

800
396

500
500
58O

199
297

140
150

135
115

149
346
575

1 17 nil-
110 >5

¿)¿
53o

1 45 ní!
130 >5

151
145

223',7 t8
5765 125

? ni]-
530 15

ni-1
>5

Sampling'
time 'gap,

(years),

1916
2232

Date
Sampted.

1

1

51+

79

55

-'l)2

70

7+

47

505
I

ai1Z

70

9

54
I4

31o

271o

22 "VI "7O

x24.Xr" 6

ÄpriJ-

340
370

x1917
6. vrrl.

12BO
1255

259
265

154
150

261 +
2720

27 4+
2790
3520

1392
1595

B.rrr"15
51 .X.7O
51 "T"1A
*1a91
3 "Xr"61

25. rv"68

27 "IV "68
31 .x."To

*1a91
2.Nr"61
1 "r1.71
*1896
23.Xr.70

70 "w.22
23 "Xr"70

894
110

72

53

72

56

52

48

*1 Bg8
25 "Xr "70
*5 "X,16
23 "Xr"70
*1 e9a
27.XI"7O

x1915
30 "X" 69

r+1 1 " IX.20
29 "X"69

x12 "Vrr. 1 6
24.X"69

64 '¡foolatehi Bore

10



1

2

t
4
q.

6

7
B

22
12

ll

¿-¿-

17

10

19

9

Statíon i\¡ater
d.epth

CIn r

7.o
7"2
7"2
7"o
7.O
7.e
9.+

'10. o

Surf ace
water

pH

7"o
7"2
7"2
7"a
7.O
7"8
9"4

'10. o

Bottom
water

[ab]-e 1l

Surface &' botton-water pH values record-ed- at

Coward- Springs Bore (1ocality t+) on 7O"VI"68"



t /t

t/z

12

1B

2+

z7

29

3t
53

3+

35

)o
4+
68

loc"
No.

Dal-housie Sprlngs,
main spring.

Ðalhousie Springs,
spring J

Algebuckina l¡ai erhol_e
Birribiriana Spring
Johnsonrs No. 7 Bore
Nu¡nr s Bore
Strangways Springs
RaiJ-way Bore

Beresf ord. Resez.rroir
Coward. Springs proper
Coward Sprilgs
Railway Bore

ïlobna Spring
Blanche Cup Spring
CJ-ayton Bore
Glen He]-en r.t¡aterhole

locaj-ity

+15

750

3350
1 600

2625

2790

BO

1595

1510

1 280

25t o

150

1114

37o

cr-

180

4's5

1770

500
620

500

70
297

1+O

135

375

5

t+¿

150

SO
4

15O .5
162 "5
115"1

147 "5
21 8.8

63 "9
202"1

494.3

513.9
452"5
462 "5
58.5

66 "4

68. B

:J, c0--

ïon content
(pp^")

>So¡;.t

)s0, ;
"t-

)s0, ;+
;s04;
)so4;

; )coT
; >c}l
; >coï

5

3

3

3

>c0

+

t

7

3

+̂

4

l,to
I

Þs0

4

4 ,7ca

,s04;

rS04 i
tSO, i+
zS04;

>'S0

)s0

>s0

>c0

XO
<c0
>c0

>co3
,co3
,co3
>c0-')

)

cl_-
>or <
than

and. COSO
+ 3

so, -
¿L

)ort
than
CA=-)

>c0
5

,co3

lcoS
>co3
r C0-/)
)co3
>c0-t

>c0
>c0
<c0

3

3

3

1co1
{c0
<c0
)co

3

3

3

inhabited b

rABtE 4L
C1-, S04: and. C0 )

erenius.-- a\Y \¿.

o coy content val-ues d.erived from HC}S- val-ues given i:r
Table 3á by the conversion C0r- = O.4glg x HCO,-



32

+2

45

45

46

48

50

51

54
60

o¿

63

6+

27

1o

I,oc
Itrc

llone¡rmoon Bore
Strangways Spri-ngs
I4ou.::d Spring
lilarburton Springs
Ca].l-ana Reservoir

annr,raukininna Bore
ramanna No "'4. 1

Mitta Bore

Hot Springs
tecolina Bore

eJ-ve Springs
oolatchi Bore

1

Springs

on Bore

Harry Bore
Bore

I.,ocality

2405

29BO

1 687

25

265

110

130
170

75

70
665

3765

427O

820

530

CI

640

585

500
25

<5

<5

5

<5

25

:20
145
125

555
175

15

Sor-
.+

TI5 "6
221 "3

191 .5
36.9

511 "5
432 "B
381 "1
571"7

531 "9
751 "9
351 "9
6L"5

250 "8
558 "5
395.9

*c05

Ion content
(pp*" )

>s04 t
=S04i
)s0,;

+
)s0, ;+
>s04 t

XO,;
t

)s0,;
+

)SO,;+'
)s0,;+
)€0, i+
)s0r;

+
>so4;
)s0,;

+

4o7
1c07
>co-)
ñ01
No3
No=
2C01

ñ03
<coj
(co5
(Co7

1c05
1c03

, ro1
)"05

>soo;

)so,;
+

cr-
>or<
than

so4- and cof

SO;
>oS<
than
CO;)

)co,
)to7

\co3
(co,
(co3

1co,
(c0.,)
{cos

(co=

lcoL)
1c05
Xo-)
x07
ñ03
>c05

TABT,E 43

cf-, sor- and- co=- ion con'cen.ts of permanent rrrater masses'+t
+qt r¡þgbSed- by C. 9.{9re.

"- co7 content varues derived. from Hcor: val-ues given irr
Table36 by the conversion COr- = O"491g x HCOr-
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Figi-me l7

Jack's (1921) 'neutral' line, Lake Eyre

basin (after i$it l-iams, 1967) 
"
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Table 14

Total salinities (erpressed- as parts per miltion)

of sone permanent waters in the central Australian

region, both inhabited- and- un-inhabited by

C" eremius"



IViea:r

Range

Dalhou-sie Majl Spring
Dal-housie Spring J
Algebuckina WaterhoJ-ê
Birribirriatta Sprilg
Johnson's No" 5 Bcre
ll't-r¡n I s Bore
Strangways Springs Railway Bore
Beresford Reservoir
Corr¡ard SPrings Proper Bore
Coward SprÍngs Railway Bore
V,Iobna Spring
Blanche Cup Spring
Clayton Bore
Glen Helen ltaterhole

t /t
1/5
l¿
1B
2+
27
29
31
55
34
55
36
44
69

ro". i

No" i

I,ocality

3+7-8435

Inhaloited !ilaters

994
1 084
2181
8435
5614
5619
6678

347
3751
3719
5717
5131
1549
2784

Salinity

3543

on--inhabi-t ed i/aters

14ean

23
30
52
¿-2

43
LA

+6
48

62
65
64

50
5t
54
60

loc
No.

ïione¡rmoon Bore
Strangways Spring lliound. Spring
Ì¡larbi.lrton Springs
Ca]-]-ana Reservoir
lake ilarry Bore
Dalkaninna Bore
Cannawa';kín¡ra Bore
Kopperamanna No. 1 Bore
Mirra Mitta Bore
Gason Bore
Paralana Hot Spri-rigs
I{onteco]-ina Bore
Mull-igan Springs
Twelve Sprì-ngs
l¡loolatchÍ Eore

local-ity

5071

Range 1 42-8148

5A6+
641 1

7825
142

1874
1 4O3
1 621
1272
1oga
1 080
21 97
65ze
8448
31 12
20O3

Sai.inity

Table



Tabl-e Qî

Sun-narized- results of salinity tolerance

trials upon C. erçrniue" (fron Á-ppend-ix S )



Medium

Disti]-]-ed. 1¡Iater

Diluted 1 219
Artesian Tüater

Control- A.rtesian
I'later

Saturated
Artesian ÏIater

Sea ltlater

No" of
trials

conducted.

Duration
of trial-

f¿ays )

Remarks

No mortalities
recorded up
ti].1 time trial
d-iscontinued.

Total- of 11
mortalities
recorded in
6 tríals.

1 mortal-ity
record ed
throughout al-I
! trials.

I mortalities
record.ed r.rp
t111 tine trial-
discontinued.

SaJ-inity
( Total

d.issolved.
salts in

ppm)

Period
e1-apsed

to first
mortality
(d a.vs )

Period.
el.apsed.
to 5V/"

mortality
(da.ys )

Period
eJ-apsed
to rOO%

nortality
(clavs )

>L,25 /,,8,7

77,580

147

9,797

5,609

5

1

6

5

1

17-60

17-60

13-60

60

60

1-12

6-4e

5

1

9:22

44

17"27



Table 1b

Dissolved. O, concentrations of water samples

taken at several stations along the stream

at Wobna Spring (locality 35) together with
other simultaneously record_ed_ d_ata, made

22 "tr.7O "

TabIe 11

Dissolved 0, concentration and. water temperature

recorded- i-n shatlows at Nunnrs Bore (locality
27) on 22.If.70"



TABT,E 4b

TABI,E 11

ìAmbient temp. = t1.ooc Read.ings conmenceð" 161, hrs.
'Stn. Bott,

water
tem'0.oc*

cm. a er
sub-bed-
temp oç

sub-bed.
bott om
temnog'

pH depth
( cm)

30.9 0 7,O 3

5
6
5
6

30.9 +o"4 7
7
7
7

2
2
2
3

50.7
50 .4

+o
+0

2
2

6
6
B
9
6
6

70 .4
,o "1
30.o
50.0
30,o
29.1

+Q "3
+0.1
+o. 5
+0. 5
+o. B
+0. 1

7,4
7.5
7.7
7.7
7.8
7.9

Strea^m
i,¡i-dth
(cr)

Relative abundance
of veg. Trapplng

rate

Disso].ved 0
roncentratl

p,p.m.
2on

1

2
3
+
5

nid:way
between
5 &,6

6
7
8
9

10
11

30.9

5o
5o
7o
3O

5
4
1

2

31 .O
30 .1
30.o
29.5
29,5
29.2
29 "o

900

117
90
75

160

180
90
43
50

100
73

1

1

3
1

o

o
0
0
0
1

+¿
1

1

2
1

1

4

4
4
2
1

3
7
2

13
10

20
1 9

3
6
4
4

1

5.O

3.O

2.O
3,0
5.O

4.o

ijampllng Station Wa$er temp" Dissolved 0r
concentratio-n o-. n - m -

Comment

ïn shallows
depth amongs

(
t
2-3 cns)
vegetation 35.aoc 0.8
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VTI IHE ETIV'IRONMEIüI . NON-P}TYSTCÂ¡

Pi'ü$METERS

CONTÐ[TS

I a FOOD

2o "A.QUÂÎIC VEGET:iTIOI{

OfiiER F-]SHES TN ASSOCTI.TTON rúTrH
Co eremius

4. PRED/¡TfON

3"

Page

9z

e4

99

100



9z

1" FOOD

1o establish what C. er us eats and. the relative
Ímportance of the di-fferent components of diet r exanined.

and. scored- the contents of the alimentary eanals of 1 oo

fish (40-5orun standard rength) selected from a coll_ection
nad.e at Nururrs Bore (loca1itr 27) on 3l .V.71 (see Tabl-e

 s ) " These flsh ïvere kirled. and, p::eserved. lmnrec.iately
upon being retrieved from traps (set for 15 hou:rs over-
night) by placing then tn 5% formalin in order to haLt
d-igestion"

It is clear. from Tab1e lg that, at the ad.u1t

stage at least, c" erg:rglus is onnivorous. rnsectsr
ostracods and. unidentifj-ed. eggs constltuted. the maln

animal- d.iet (at t he tine of cor-leeting); fila:rientous
algae the main vegetable dj_et.

As Ilraines usee¡ reports for EII_o gobius olorum
($auvager lBBo), filamentor:s algae were f ound. in the maj-
ority of the c" eqçlulus and- d.irect laboratory observation
shor.red that it rq'as d.el_i'lcerately eaten.

The presence of detnitus and smal1 rock ¡rartie-
les in nargr instances coruel-ates $¡ith the fishr s d.emeral_

habit and. the Laboratory observation that it sifts bottom
siì-t, taking silt into the mouth and ejecting it, presum-

abry in -search of d-etritus. 'i'iith. regard" to t he f ish
scares loeated. amongst the gut contents, Ìaboratory observa-
tions have shor¡¡n that C. *rremius is neerophagic.
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Diatons h.ave al-so been found in the alimentary

canal-s of flsh col-l-ected from Johnson?s Noo 3 Bore

(J-oca1ity U)i at least 16 d.iatom species (see Tabt-e 19 ),
mainly benth.ic or periphytic forms, l'irere id.entified"

amor¡gst the gu

in Mareh 1969"

t contents of a C" eremius collection mad.e

ïn the laboratory C, er TI read-iIy feed.s upon

lpblfq sp"
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2o ¿I.Q.U/.TIC VEGETIIIIO}I

(u) on a c tributio of
Co eremius.

.rilthough snall numbers of Co eremius have

been encor.rntered- at some sites d.evoiiL of aquatic vegetation

these have always been ephemeraL vraters and. therefore d.o

not represent permanent habitats.

.!¡ eharacteristic plant community is associated.

with all artesian waters in the Lake Eyre basin. This

usually consists of one or mone speeies of fllamentous

green algae artd the speara grass¡ Cyperus

fn ad.dltion one or more species of the foll-orrring rnay also

be present - bul-l rush, ËEha sÞ.! reed.r Scirpuq sP.!

Potamogeton p€g¡b:i4g!5 L" and -Char-a sp. Table 60

ind.icates the aquatic plants located. at sone localities

where Co er US is elther present or absent " It wil-l-

be noted that the plant communities of both inhabited. and.

non-inTrabited waters usua115r possesÊ botir fllamentou,s

green algae and. spear grassr $regg -fgçgigatl¿g L..

Further, there are no plant species v¡hich are consistantly

found- 1n inJ:abited waters and. not in non-inhabited. waterst

or vice versa. Thus within the k'nol-rrn range of Co eremius

it appears there is l-1ttle differ-enee in aquatic plant

communities to influence the presence or absence of the

species at particular permanent habitats"

(¡) Inf ]uence on the occurrence and. abunCance of
the habitat "

io :\s Protectlve Cover 
"

ltrithin the ind.ivid-ual- habltat C, eremius i-s
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most frequently found. amongst or in cl-ose

proximity to aquatlc vegetationo lhe

marked preference of +,he species for algae

as a habitat rather than open water has been

d.emonstrated. in the laboratony (see p"l2?).

Ind.ivid.ual-s d.isturbed. in open water, either
in the fiel-d. or the laboratory, swiftly seèt<

cover anongst the nearest avall-ab1e vegetation"

It is thus apparent that vegetation is at

Least important in that it affords protective

cover o

It has become apparent from field obser-

vatlons and trapping rates that the d.istnibu-

tlon and local- concentrations of C eremr_us

within the ind.ividual waterlvay tend.s to

comelate vrrith the occurrence and" l-oeal

abund.ance of vegetation, in particul-ar algae,

along the waterrrayo I attenpted. to correJate

the specÍes abrrnd.ance with vegetation duning

the observations at trYobna Spring (Ioca1ity 35).

Since i t was d.iff icult to ob jectively measure

the extent of plant stands with any d-egree of

aecuracy I d.ecid.ed- to subjectively score the

relative abundance of algae and. spear grass at

the various stations" Taking an arbitêry

scal-e of O to 5 f scor,ed. the approxlmate area

each for¡r of plant covered. within an overal-I

area of approxlmately O.l square metre within
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the stream at each station, These estimates

togethen vì¡ith assoeiated. trapping rates are

presented- in Append.ix F . Graphs 2 | to Zb
are of the more obvious corcel-ations d.erived.

from these observationso From these graphs

it can be seen that greater numbers of C,

çf€maÞ tend- to oceìtr vi¡here there is reJatively
more pl-ant cover, particularly of aIgae.

As a Thermal Refuqe

In ad.d.itj-on to provid.ing protective cover

there is consj-d.erable evid.ence (see pp"51- b.2.)

to shor¡¡ that aquatie vegetation provid.es a

thermal refuge d.uring surnmer montt¿s. Steep

thermal grad.ients in water temperature have

bee'n record.ed. betv¡een Iethally warm open imater:

and- eool- shall-ovris vrithln and. at the base of
stands of aquatlc vegetation at Johnsonç No. 3
bore (locality 24) " As d-iscussed. on Ð, 5.5;

when such steep thermal gradients exist
the specles appears to eoncentrate amongst

the vegetated. shallo'¡¡s and- except for occâs*

Íonal þrief excursj-ons out into open water

to ::emaln within the confines of the stand.s.

.A.s a Platform to perfor.m Aerlal Res'oirati_on

Tfhen specimens rmere crowd.ed. in warm water

in a contaÍner (see o" l$3), and therefore under

cond.itions of oxygen d-epletion, individ.uals Trere

observed. to leap out of the water and attach,
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usual-ly via the sectj-on d.isc formed. by the

\rentral fins, to the wall-s of the container

or to t he sunfaces of plant leaves (Pbraemites

communis) suspend.ed. into tb.e r¡vater. I¡'tlhil-st

attached. these fish were observed. to vigor-

ously perfonm aerlal- resplratlon until they

d.ropped. baek into the wate:: af ten a short t inre

of up to 115 second.so

Reference Ìras been mad-e el-sewhere (see p"

145) to the fact that in laboratony tariks,

d.urlng warm weqther, g. eremius has been observ-

ed. to vrrithd-raw at l-east the forepart of the body

from the water and. rest it on the emerged. root

base of plant stand.s (C¡rperus fggv¿gatns. L" )

and- perfo:rm, what appears to be, aerial res-
pirat ion.

Thus aquatic plants are capable of acting

as out-of-water attach.ment surfaces upon whlch

the fish can perform aerial resplrationo Hovr-

even this has not been obsenved- to occur i-n

fiel-d- observations.

As a I'ood- and- Habitat for Animal Prev

From gut examinations and. l-aboratory

observations of feeding actlvity it is evid.ent

that filamentous green algae are d.el-iberately

eaten and. constitute a substantlal part of the

fishts d.iet (see p, ùL )"



9B

In ad.d-ition, an examinatlon of a sample

of l-ive algae (Sp:.r"pgfg sp.) from lüobna ,spring

(locality 35) strowed. that it hanboured. a

variety of smal-l fauna in abund.ârrc€o fabLe

5l Lists the fonms found. in this examination

and. their relative abund.aneeo Ostracods at

least have been confinmed. anongst the fishts
gut contents and. 1t is probabl-e that the soft
bod.ied. oligochaetes are al-so ingested., if only

rncid.entally"

Thus not only d.oes algae appear to con-

stitute a major food- item in itself but it also

harbours a variety of fauna which is eithen

corrfirmed as a d.ietary ite¡r or is potentially
capable of being eaten by the speeieso
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2
)t OTHR T' ïIES IN TSSOCIIiTION ',,TïTH C. erenlus .

Tabl-e 52 lists some of the local_ities where

permanent populations of ü:gggl5 have been found anù

ind.icates these othez. fish species, Íf ariyr which have

been found. at the same t1¡le 1n the same habitats"
It 1s seen thåt the species nost commonly assoc-

iated. w-ith G, eremius are those of the genus Crateroc ephalus.

Slnce this genus is typically pelagic in habit wheneas

C. er us is d.enersal- 1t woul-d s een that the l-atter
woul-iL be subject to little, if anÍr dlrect competitlon
fron the craterocephalid.s, 0n the other hand ryhether a

cl-ear distinction can exlst between demersal- and- pelagic
niches in the rel-ative shallows of artesian surface waters

is open tc questi.on.

-¿i.s indicated in Âppend.1x A it is seen that except

at L{ulrigan Springs (tocality 62) and. possibly severaL of
the springs at Ðalhousie springs (localities 1/2, l/3, 1/7)
no other artesian habitat has apparently been Located_ j.n

the central .iustralian region that 1 s inhablted. by any

other specles to the excLusion of Co er u.s o Even at

Dalhousle Springs main sprlng (locality j/1),whene

Neo_qj_f_urus sp. (a d.emersal- lnhabltant) and-

Co stercusmuscartrm are both present in overvrhelmingly

greater abund.ance, C. eremlus has been able to maintain a

smal-l population, ft is possible that the species d.oes

in fact inhabit, 1n snal-f mrmbers, the other springs at

DaLhousie springs (local1ties 1/2, r/3, 1/Ð from whlch it
was not collected..
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¿+' PRED"I,TIOJ

ÎÏre mai-n prêdatory force acting upoon C" eremius

apBears most likery ûo be'from aquatic bird.s. rable 53
lists the various species of bird.s sighted. on one occasion

at Coyrard. Springs railviray bore (loca1ity Jh) and. lnd.ieates

vrhich of these are confirmed. or potential fish pred.ators o

lhis list d.emonstrates the abundant variety of pred.atory

bird. l-ife that characteristically i-nhabits the vicinity
of penmanent waiers in the central :l,ustralian region for
a conslderable period- eaci: year. 0f a total of 17

aquatic or semi-aquatic bird. species at least 9 are either
confirmed. cr potential- fish eaters. 3o.æ fLuninea has

aetually been observed. feeÖing on C. çrçlq.Eg at Johnsonts

No. 3 bore (}ocaliÌ;V 24)- on Z.IX.7or a lone P " fl-uminea

f oraging in shal] ovrs at the base of reed. stand.s was seen

to eat a dead. fish lying 1n shallow urater.

Other flshes are possibly predacious on C.

eremiug o I have found Crate--{.oc_æ,Blus. stercusmuscarun

in the stomachs of No&urnd.a llo€gr_ndar MadiEania u¡ic 1

and. lTeosilurus sÞo col-lected- at Ðal-houele Springs

(localities 1A, i/3, i/Ð o ÏIowever at ño }oðality vr¡here

C. eremius has been found in conjunction with any other

fish have I found any j-d.entifiable remains of C. eremius

in the stomachs of the other species. Neosilurus sÞ"

because of 1ts si¡n1Lar d.emersal- habitat possibly preys on

C. e_nemiug l-t¡here the tvrro species occur together¡ êcgo at

Ðal-housie Springs main spring (localitV 1/1) tfre rur-

eharactenistically sma1l q._€Lemi.r]g populatlon may be due,
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in part, to a direct pred.atory and competitive irrfluence

from the overwhel-nlng1y abund.an t Neosi 1u¡:us sÞ. population.

Field and. laboratory observations have shonrn that
Co er lUS 1S neorophagic upon its ovlirr species but it d.oes

not appear to be actually eanniballstic,
The langer aquatic insects and. insect larvae

nay be pred.ators, in particul-ar the larger beetles

(Families Hyd.rophilidae and Dytlscj-d.ae) and d.ragon fIy
n¡mphs (Oraer Od.onata), rrhich are at l-east pantlally
demensal- 1n habit and occur 1n abund.ance at mar¡y l-ocalities
inhablted by C" ere{Lj=gfu for example, Johnsonts No. 5 Bore

(local1ty 24), Nunnts Bore (locality 27) and. Coward.

Springs raj-lway Bore (locality 34) "



nothÍng

fi-l-amentous algae
l-plant fragments

d.iatons

Insecta ( chitinor.ls fragments ),

eggs (unidentified.)

CJ-ad ocera ( d.aphnid. )

Copepoda

0stracod.a

fj-sh scales

*d-etritus

rock particles

ïtem

o

64

56

15

54

12

+

6

12

ã.

92

78

o.
i-n

ary
which j-dentifi_ed.

TA3I,E 4e
Contents of af lmentary canal_s of 10O C. e_rçmius
(+O - !O mm. stand.ard, ]-ength) co]-]-ected at Nt-innrs
Bore (loca1ity 27 ) on 51 "V "71 .

')+ d.etritus = pulped, bro-wn coloured mass.



Diatom S cies

Navicu].a rhvncoceohala I{11t2. var. ?

Angmogoneis sphaerophora (ptrr. ) pfitz" var,?
Nitzs fonticola Grun.
GomphQ4eeg p_?Lvuljx; var. ml_c Ktltz, Cleve
Navicula aike j-s Patr . var "7
IfaeifArÍa cons.tn'.eqç. (Ehr. ) Cnm"
Nitzs lu4 ar¿c_A Grun. -ve-r . ?

Mastoglq _ia smithié Thwaites ex W. Sm"

Gymbgll-e pu-siJ]-g Gnrn.
Nitzschia anphibia Grl.n.
Cyclotella meneghiniana K|Ltz.
Stauroneis €geps. Ehr " var. ?

ttevlgu]-a _egypto_gephaþ K{ltz .
DiJlone-ig snithij- (Breb" ) Ct_eve

Ilavicula spp.
Cynbella spp'

rable 19
Diaion species id.entified. in the alimentary canals of a

collection of C. eremius mad_e at Jo hnson's No. ã Bore

(locality 24) on 11.ffI"69"



TÁBI,E 50

Aquatic vegetation found_ present at

va¡.ious localities ii-L 'che central_ Austral_ian

region"



Table 5o

Loca]-ities
C. eremi-us
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Graph 2l

Comelation between rrumber of g" eremius

trapped- and- aquatic vegetation cover at the

various stations in the main stream at Vüobna

Spring (loca1ity t5) as record-ed- on 24"fT.69.
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Graph 22

Comelation betv¡een m-mber of C. eremius

trapped- a:nd- aquatic vegetation cover at

the various stations in the nain stream

at tl/obna Spring (locality t5) as record-ed.

on 7O"fV"69"
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Graph 23

Coryelation between number of C" eremius

trapped- and. amou::t of aquatic vegetati-on

cover at the various stations in the mai-n

stream at V'iobna Spring (locality 15) as

recorded on'1t"XI"69"
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Graph 21

Correl-ation between number of C. """nilr"
trapped- and- aquatic vegetation cover at the

various stations in the main stream at

Iflobna Spring (locality 1r) as record-ed- 22"II"?O"
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Grap};r 25

Comel-ation between number of C" eremius

trapped. ancl aquatj-c vegetatioh cover at

the various stations in the maín stream

at Tilobna Spring (locality 3r) as ¡ecord.ed

on 11 " fV.70 "
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Graph 2lo

Coæelation between number of g" eremius

trapped- and. aquatic vegetation cover at

ühe various stations i-n the main süream

at T{obna Spring (local-ity tr) as recoriled.

on 10 "Vf "7O "
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Gastropoda (frt. HYdrobiidae)
Oligochaetae
0stracoda
Phreato Iati Þ

Fauna

ñunerous
Abund-ant

.Abund.ant.

Not abundant

Relative
abu-nd.ance

Tabl-e 6l

Contents of a sample of algae (Spirogyra sp" )

taken from lfobna Spring (Iocal-íty tr) on 24"II"7O.



Table 52

Other fishes found- in conjunction with some

permanent populations of C" eremius.

* Sighting on1y"



Dalhousie Sprì-ngs,
I{ain Spring

Dalhousie Springs
Spring 5

Algebucki-na
waterho]-e

j¡'lood. D;.ck Bore

OId ?eake
Homestead Borë

Freeling Spring

B1yth Bore

Birribiry iana
Spring

l-
+
e Springs,Dalhous

spr ing

locality
loc.
No.

Other fishes
present (ln
ad.d-ition to
C. eremius ) .

1/3

1/+

L2

L3

L5

r6

1/1

L7

1B

N o sp.
eroc

ercusmuscarum
I,Tozur4È ]Iqg¿II}4a

NeçeåfUA¿Ê. sp.
Crater"oceìohalus
stercusrruscarum

l-or

Nir_

Ni1

@
sterc'¿smuscaru-m

r ce
Þ

igania

Neosiluru.s sp.
and C stercus
muscarum
far the mos
d.ominantJ-y
abundant

t

As above

As above

C. eremius
abuncLarrt

Äs above

Both speci-es
a1:proximately
equally aburr-
d.ant.

C. eremius

iat Ð

apprõtrnateiy
equ-ally abun:
d.ant.

Both species
anproximately
equal-ly abun-
d-ant.



Nilpinna Spring

Johnsonrs No" 5
Bore

Nunnis Bore

Strangways Springs
Railway Bore

Coward. Springs
proper

Coward Springs
Railway'Bore
ÏIobna Spring

Clayton Bore

locality

44

35

54

13

2g

27

24

lo

loc ¿

ITo.

Craterocepha]-us

Crateroce'phalus

Crelç-ros_epþafue
evre-sii

T ero

eyresii

Nil

Nil_

Nil

s
s ercusmusc

sp.Neo i lurus

Other fishes
present (in
ad.d.ition to
C. eremiuÊ).

C. eremius and_
C. stercusmrls:
approxinateJ-y
equal-ly abun-
d-ant and d om-
inant over
Neosi-lurus s

C. ez'em1us
far the most
d.ominantly
abund-ant 

"

As above

C. eremÍus
abundant

C " eremius by
far the ¡rost
d oninantly
abund-ant " .4.

small- school
of C. eyresii-
sighted. in
the vicinity
of Stn. 5 on
29.V.68.Four
specinens
trappeC,- at
Stn. LZ on
1.ß.68. A
total of twen^
ty seven sppc-
imens trapped-
at Stns.L2&L5
on 15.Xf " 68.No
C"eyresii tra
ped or sighted.
since.
C. eremi-us
abrrnd.ant

As above

As above

p.
by

f

Remarks



Table 53

Bird- species record-ed. at Coward. Sprì-ngs

Railway Bore (loca]ity 1+) 27 - 28"V.68

by l,4im. J" Lleril-les Esq." (Australian

Antarcti-c Division) "



Common name Sci-entifj-c
natne

Con-
firmed
fish
pre-
d.ator

White-faced- Heron

Ivlountain Drck

Black Drck

GreSr TeaI

Nankeen Kestrel

Ðusky l{orhen

Spotted Crake

Spur-winged. Plover

Red.-capped. Dott

Black-fronted
Dotteral-

Red-hreed. Dotteral

'';'lhite headed. Stilt

Si]-vcr Gul-l

Crested Pigeon

Gal-ah

hlel-come Swa]-low

Tühite-backed
Swal-l-ow

Ard ea novaehollznùiel-
latham. 1970

Tadorna taclonoi-iLès
.iard, & Selby LBZB

Anas
ffieT

superciliosa
in L789

Ana gibberifrons

FaIco
re'"or

ey L842

cenchrcid-es
s & Horsfie]-d 1827

Gailinula tenebrosa
GõüÏãTæ6

Porzana fluminea
Gould. LB42

L,ob ib.yx novaeholl-ancLiae
( Stephens ) 181-9

Charad rius alexanclrinu-s
linn. L75B

Charad-r us mel-ano S
õ

Charad.rius cinctus
Goul-d. L83B

Himantopus (linn. ) rZlg

larus novaehol]andiae
ep L826

åÊ

*'

y

Poten-
tial
fish
pre-
d-ator

!

*

*

î

)É

tÉ

]-onho'ce s
k) L822

#

Hirundo tahitica
neoxa¡La Goul-d 184

ternum

Cacatua roseical:i]-1a
Vieil]-ot 1817

¿

^ euco



Australj-an Pipit

Bl-ue and white
Wren

l'ühite-fronted-
Chat

Sj-nging
Honeyeater

White-fronted.
Iloneyeater

Common name

A+thuq +ovaese c,le.nd_þe
( Gne]-in) 1789

albifrons

Mel-ixrhasa
(Viei-11ot

l,lal-urus ]-eucono tus

by) 1828
a]-bifrons

Scientific
name

Con-
f irmed.
fish
pre-
d.ator

Poten-
tial
fish
pre-
d.ator
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BEH,¡{VfOUR

1" LOC,iL MOVEMENTS

(u) eenerer

Bet'ween 1968 and- 1970 regular observations

have been mad.e of various sized. groups of C" t-us

maintained" in several Jaboratory tanks. The tanks corr-

tained. water varying in d.epth betlveen 2em and. 2ocms, had.

a surface area of O,O1-1 .72 ^2. and a silt bed.d.ing in
the bottom 1-2cms d.eepo Und.er these cond.itions th.e

species behaviour is characteristically d.emersal and

solltary" lÏhen initially introd.uced_ into a tank the

membe::s of the population quickly isol_ated. themselves at
rand.om, although when cover ïras provid.ed. (vegetatlon on

noeks) trre flsh showed. a preference for sites und.er or

1n close vicinity to such covero The fish spent most of
their time resting on the tank bed.s in one position inter-
spersed. u¡ith lnfrequent and. birlef ind.epend.ent short range

excursions of an apparently foraging/exproratory nature,
usually cul-mj-nating in a netunn to the general area

previously inÌrabited.o No behavioural- response has been

noteil between ind.Ív1d-ual-s except when food. is l-ocated. by

one or more 1nd-ivid.ua1s, al-l other indj-vid.ual-s are occas-

ionally attracted. and- congnegate norrnd. it" The fish nay

then compete for portj-ons of the food by shaking it free
from the mouths of thein fel]ows"
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Sud.d.en hand movements over the water surface or

heavy vibrations invariably alarm ind.ivid.uals, particu-
lanly those in open areas. They nespond. by rapid. and.

ernatic independ.ent scattening movements until- they elther
settle d.ov¡n or reach cover, l-,¡hich ever happens first.

Field. observatlons upon tlre populations at

llTobna Spring (loca1ity 35) and. Johnsonts No. j Bore

(loca1ity 24) revealed. a si¡riler pattern o f behavlour to

that d-isplayed. by the laboratory populations. lit least
during d.aylight, ind.ivid-uals spend a eonsid.erable perlod.

of time in the cover of aquatic vegetation making brief
ind.epenclent excursions lnto open water where, i f they are

d.isturbed., they scatter to coverc

fabl-e 6J , prepared. from the trapping d.ata

given in Append.ix P and from d.lrect observatlons, in-
d.icates the range and. rel-ative abund.anee of tfre Co eremius

population along the stream at tVobna Spring (locality 35)

on varlous occasj-ons between .ilpril 1968 and May 1971 "

The fluctuation of the maxlmr:-ol trapplng frequency betvreen

Stations 4 and. 10 (a range of 21Om) and the sponad.ic

appealrance of specinens 1n large nu¡nbers at Station 1

(trre spring head.) and. statlons 12 ay.d 1i (a sid-e pool)

initial-l-y suggests a period.j.e movement of the population

as a wholee back and. forth along ttre streamo However the

presence or absence of the species at Statlon t has been

oþserved. to correl-ate with the presence or absence res-
pectively of aquatie vegetation vshich is periodically
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totally eaten out by cattl-e upon moving into the vicinity
of the spring during drought penlod_s" lt seexos then,

that these movements of the flsh merely refl-ect migratlons
to or" from certain sections of the stream which period.-

ically become more or less favourable for habitation
through the appearance or fa]I-off of suitabl-e stand.s of
vegetation (see p" 91 ).

The oceasiona] appearance of large numbers of
fish 1n the sid.e pool- (stations 12 and 13) where no aquatic

vegetation has ever been observed. has on each occasion

been preceed.ed by seasonal- ralrrf all-. rt wouId., therefore,
appear that the occupation of this pool (which i s usuaIl¡.
-\dry) is d.ue sinply to the flushing aetion of flood. iruaters

caruying ind.ividuals across from the ad.jacent main channel-.

(¡) Ranse of_Mov._emegt

Several attempts had been made to measure the

range of novement of ind.ivid.ual-s nrithin the field. habitat
but these have proved somewhat unsatisfaetory, largely
d.ue to the inadequacy of 'uhe rnarking teehniques employed.

(see p" 3l ). Neverthelessr at Vfobna Spring (1oca1ity

35) vrhen 16 ¡nales and- 27 f emales col-lected. mid.vrray betimeen

Stations 5 and, 6 on 4rll("7O were marked- by renoving their
ventral fins u¡ith surgical scissors and_ nelntrod_uced. at

the col-l-ecting point the same d.ay; 23 days later cn

27 "IN"7O a slngle manked- fenal-e was trapped at Station 4

anC. another at Station l, 12,5 and. JO.J (metres) nespect-

ivel-y upstream from the captur e,/release point o On 31 .X.7O

a third. marked. female lyas trapped at Station l_¡.
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At Johnsonrs No. J Bore (locality 24), 68 speci_

mens col-Lected by trap on J0.x"6B at the centre of the pool
approxlnately l onr in d.lameter vrere marked. by means of im-
pregnating fluor:eseent pÍgnent panticJ_es beneath the bod.y

surface (see p" 31 ), and. subsequently released. at the cap-
ture point after 6 tnaps rrrere scattered. rand.omly and up to
9m d.istance about the capture/rerease point; after a per-
iod. of 13 hou:es the tnaps were withdrawn and. it r¡va.s f ound.

that 5 visibl-y manked. subjects had been r.ecovered. at the

release point and. a fr:rther 2 recovered- from a trap 9m

d.istanceo

on the basis of these l-1mited. observations 1t 1s

d.ed.uced. that within its habitat an ind.lvid.uaL may move over

d.istances of at least JOme

(o) Orientation in a l{aten ent

Observations at r.,/obna Spri¡rg (loca]itr 3ù have

shounr that ind.ivld.uals nrake brlef exeurslons into open mid.-

strean where the fl-ow nate is greatest" Al_though there
vras no evid.ence of any particular orientation to the d.jrec-
tion of r¡vater flow the fact that all- the ne-eaptured marked.

individ.uars at lit/obna spning (Iocalitv 35) mentioned. in the
previous section u¡ere taken upstream fr"om thej-n re]ease
point d.id. zuggest that c. çremlus rnlght exhibit a tend.ency
to orÍentate into a water fl-ovt¡ and swim upstream. Fishes
ad.apted to livlng in smal-l streams frequently exhib it such
a positive rheotaxÍs whieh herps prevent them being carried
d.ownstneam"

strea-ur flow nates -*rere measuned. at d.lfferent
sections along the stream at wobna spring (localitv 3i)



107

to gauge the ord.er of magnitude of flow rates to v¡'hich

C.e_€lemilrs. is sub ject. Fl-ovr¡ rate was detenmined. by

measuring the tinre taken for a smaLl_ weighted_ plastlc
phiai- to float wlth the curnent over a distance of hm.

The eap of the phial was coated_ with lrid.escent orange

paint to facllitate observationso The results, pres-

ented- in Table 55 s¡ro,¡¿ that the rate of water flow
rânges from zero in sid.e shall-orvs and. stand"ing bodies of
vrater, up to approxÌ-rnately O.7m per second_ 1n certain
nld.-strean secti-orrs o

To establ-ish hori,¡ the specíes respond.s to a

water current, a fibre glass raceway vvas constructed.

(see figure 18 ) consisting of an open chamber 1O,5cm

wid.e 12"5cm d.eep wlth a nean circumferance of 251o5emo

the chamber ïras fil-fed. to a d.epth of 1o.ocm with artesian
water and. u¡ater flolv was created. by means of a Braun

pump set in a slde compartroent " the water in the race-

vray and. the compartment connected. via a wi.nd.ovr cover.ed.

vrith fine plastie mesh to prevent fish being d.rawn into
the pump inlet" The ll¡ater jet created ,oy the pump

enabl-ed. a stream flow of 0"3m per second_ to be attained..

The d.irection of fl-ow iras controlled_ by reverslng the

d-irectÍon of the nubber pipeing in the racevrrâ$o

Four adul_t mal_e subjects, l¡O-l¡lnm SL, was

placed. 1n t Ïre raceway and. aIl_ovred. to ad. just for 24 hours

in stationary water at room temperattlree L series of

observations lvere then macie i-n vrrhich the orientation and.
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behaviour of the subjects were noted. when the water in
the raceway rvas (t ) stationary, (z) flovring clockwise,

anil (S) flovrring anti-c]-ockr¡rÍse.

ïl¡hen fl-ow vras coirnenced. or reversed. a perioC

of 1 minute ì¡ì¡as allowed. to elapse to enable maxinun flow
to be establlshed. before an observation was mad.e. the

results, shown in Table & , ind.icate that C, eremius

respond.s very marked.ly with a positive rheotaxis, at

l-east when tTre flow 1s at a rate of O"Jm per secondo

fn a second. set of observations the ventral
fins of the sane 4 subjects'ì/rrere cut-off and. after al-l-ow-

ing a settling d,own per,iod of 24 hour,s the tests were

nepeated.o The resul-ts of these observati-ons, also

shovrn in Table 56 , d.emonstrate that a simil-ar orienta-
tion into the cur,rent Ti¡as effected.o Nevertheless the

subjects coul-d" only achieve thls for brief per.ioÖs by

malntaining vigorous svrimming movements either in eontact

with or. off the bottom. lÏlthout the aid. of the ventral

fins they were presumably unable to attach to the bottom

of the raceway and soon tj.red. and. u¡ere then swept along

wlth thre current, Clearly the ventral fins are necessary

to the fish in enabling it to malntain itself stationary

and. to have control of its movements in a flowing strea¡r

for argr prolongeiL period. of tirne" Slnce neanly all
populations of C. eremius inhabit waters ineorporating a

flowing stream the typical Gobiid.ae suction d-1sc formed.

by the united. ventraL fins is cl-early an lmportant function-
al- structure in the speciesn
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To d.etermine urhetTrer C. eremius öan orientate
in a, water flow without the aid. of vision I selected. 5

ad-uIt sub jects !o-!Jm sI,r and. elimlnated. their power of
vlsion by d.estroying their eyes with a heated d.lssecting

probec Immed.iately follov'ring this operation a bacter-
iostatic and. antifungal a.gent (DictrLorohyd.noxyquinal-d.ine

S% w/w) ìn the forr¿ of crearn vras applied. to the vr¡ound.ed-

eye sockets to prevent infection d.eveloplng.

ïn ord.er to establish that vision had been

effectively d-estroyed. r placed. the fish (arter a recovery
period. of 2l-¡ hours) together with ! others of similar
size vnith vision intact (to act as a control group) irt
a hal-f-iLluminated. half-d.arkened- tank ( see ^ " lZ1 ) and.

carried. out a series of hor:-n long triaLs d,uning v¡hich I
scored, everJ¡ þ minutes, the locatÍon of the fish i"e.
whether 1n the opetl il-lurninated section of a tar:lc or

und-er the masked. section j-n d.arkness. Thus argr d_iffer-

ence 1n phototactic response between the two groups

'roul-d be d-ue to lack of vision on the part of the teet
subjects. The nesults of the 5 trial-s conducted are

presented. in Table frl . the vision-intact control
group, as expected. (see p"125 ), exhlbited. a pronounced-

negatively phototactic response with a comblned- score of

85"{i" time spent j-n d.arknese and- onl-y 14"1% und-er ill-um-

ination, 0n the other hand- the test group exhiblted.

what approach a neutral- phototactlc respotlse v¡1th a totaL

score of 55"4% tj,me speirt in d.arkness and. 44"6% und.er
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ill-umj-nation. Thus it appeared. that not on1y were these

l-atter fish d.isplaying little Íf any phototactie response,

but also that vision in the members of thls group had.

been effectively d.estroyed." There is a statlstieally

sÍgnificant d.ifference between the time spent in the

light and dark sections of the tank by the test and.

controJ fish (see lçpend.ix V , report G)" ft was

noted. that all 5 of the test fish rnoved approximately

equally as often back and. forth between the il-luminated.

and. d.arkened" sections of the tank ioeo none showed. an

obvious preference for a padticular section; it was

therefore d.educed. that vision has been effectively d.es-

troyed. in each fish.

The I bl-1nded. fish and. the 5 vision intact

control- group v¡ere then placed- in the raceway alr-ead.y

d.esc::ibed-. Followlng the sane proeed.ure as before

observations were then made of the responses of the sub-

jects to cl-ock-wise and. anti-cl-ockwlse flovrlng water"

the resul-ts of these observations, presented. in Table 58t

ind.ic¿=.te that the sub jects Ìacking vlsion responded. in

the same way as those that were able to see ioe. when

either swlmning or nemaining stationary they orientated.

head-on against ancl para11el--io the d.irection of flow"

Thus it is concludeC. that C. eremius can orientate in

flov'llng water by the tactile sense alone, It was noted.

that for the d.uration of the trial all fish, includ.ing

the blind. subjects, maintained contact with. ttre bottom

of the raceflrãfo
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tr'ind.1ngs that some fishes when not in contact

with the ground. ï¡ere guid.ed. solely by optical stinuli
and. ttrat blinded fish rel-eased. Ln a stream were unable

to orientate until they touched the bottom ü¡ere reported.

by Lyon (tgO¿+). iilthough it has been repeated.ly stated.

that flsh out of contact vr¡ith solid.s can orientate by

means of the friction of the water aIone, Dykgraff (lglS)

in fact conf lrmed. lyonr s (t gOl+) results as Frae¡rke1 and.

Gunn ( t g¿+o) point out o Dykgraaf t s (l gSS) eonf jrnation

was based. on the d.iscoveny that blind.ec[ Phoxi-nus laevis
Âgass iz, out of contact i¡¡ith solid.g were unable to orlent-
ate in flovuing water; but if such fish mad-e contact irrrith

the bottom the frictional- stimulation enabLed. them to

orientate.
Since afl- the blind.ed. C " eremius v/ere in con-

tinuous contact with the naceriray bottom where they main-

tained. orienta-tÍon in the flowi.ng water it is probabLe

that they too required. to b e in actua] eontact u¡ith the

bottom to orientate, though this was not specifically
tested."

C o eremius is typlcalÌy d-emersal 1n habit aniL

therefore in elose contact vrith the botton most of the

tine. ft is therefore reasonable to expect that it
woul-it be an ad.vantage to be abl-e to read.1ly naintain
orientatlon in a flowlng stream when vislon is not

possible,

In order to establish wtiether C. eremius d.1sÐLays

a prefererrce for flowing vrater an artificlal stream was

generated. in a large tank in the Laboratory d.urlng July
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1970 " [hls tvas d.one b¡r pla.cing a 6Oem length of .l Oem

d.iameter split earthenware pipe, which rras on a Slight
slope in a d.epression in -bhe sld.e of a smal_I plastic
bucket vrithin the tank (see figure l2 ). ¡\ fl_ow of
water d.oi,''m the plpe r¡¡as maintained. from an overfl-o'u¡

generated by a Braun punp pumping lr¡ater from the main

tank into the bucket.

.A population of 40 ad.uIt fish maintained. in
the tank was regulanly obsei:ved i¡vhilst the artifieial
stream lras operating for a period. of 5 days" None of
the fish $rere obviousry attracted- to the vicinity of the

outfJow into the tank duri4g this period. and. when in-
d.ivid.ual-s d.id oecasionally approach the outfl-ow region
it vras only briefly and. apparently in the course of
rand.o¡n expl0ratory movementso No f ish v¡ere observed

attempting to swim up the pipe against the flowing
water stream"

Although T have not demonstrated. what maximum

flow rate ind.ividuaLs are abl-e to suceessfulJ-y r.eslst and.

su¡im against, the occasional upstrean migration to

Stations 1 and. 2 at tÏobna Spring (locatity 35) from

Station 4 (see p" lO4 ) inrplÍes that individ.uals are

able to svrj-m against flow rates of at l-east O./m per

second. rürich is the flow rate r.ecorded_ upstream of

station 5 on 1o'v].7o (see Tabl-e 55 ). 0n the other hand.

it nay wel-l be that actual movement upstream takes place

i.n shallows at the extreme side of the channel where the
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rate of flow is corisid-erably less than i-n the midd.le of
the channel vr¡here the flow rates were recond,ed..

2O FEE'D]NG

(") Pne

As ind.icated on page 9Z C " eremi-us 1S Omn]-v-

or"ous and. ingests a variety of pLants and. animal food_s,

pred.omi-nantly fllamentous green algae and. d.etrltus to-
gether wlth various smal-l fauna includ.ing insects
and eggs, ostracod.s, copepod.s, and_ d.iatoms. This lvid.e

range of diet suggests that littl-e sel-ectj_vity is exer-
cised- in feed-ing" but rnuch that 1s consumed. is fortultous
and the species feed.s upon whatever sultably sized. matter
is available" In contrast, Haines (tøe¡ has reported.
that fila¡rentous algae are deliberately eaten by, and.

that it is a major food. ltem ofr anothe:: of the Goblid.ae,

ElloEobius g@ (Sauvage). Subsequent laboratory ob-
servatlons showed. that c. erenius also d.eliberately eats
algae and. that it sifts botton s1It by taking it into the
mouth and. ejectlng it.

(¡) Eg.eqile "{ctivi--U
Laboratory observations have shown that 1n cap-

tivity C" eremius rÃdlI feed. on tubifex tì¡or,ms ( Tub sÞ" )

lying on the bottom of tankso In contrast, littIe attempt

1s mad.e to sieze mosquito larvae at the water surface
although s ome fragments of mosquito l-arva have been ld.en-

tified. amongst stomach contents of a few individ.ual-s

col-l-ected. in the flel-d (S specimens) and. thenefone are

eaten on oecaslons. In a l-ahoratory expeniment 1O ad.ult
fish Tvere kept in a tank (lø * 18 x 2oem d.eep) containing

lO.Ocms d.epth of waten for 3 d.ays r¡rithout being
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fed.. On the inornlng of the 4th d.ay (z3"vttt"7t) a

cluster of approxlmately þO live tubifex worms held. by a

suspend.ed. pair of small forceps Trere presented. to the fish
just belov¡ the water surface (see figure ZB )" Front

the tlme of presentatÍon the fish 'rrere continuously

observed- for a 2 hour period. (tzoO-t\OO hns.); d-urir¡g

this time only 5 brief ind.1vid.ual approaches and. accom-

panJ¡ing bitlng motions by 2 clifferent flsh were mad.e to

the suspend-ed food.o None of the other físh shovred. any-

interest 1n the suspend.ed. tubifex but they read.ily

approached. and ate the feu¡ tubifex that broke free from

the suspended. cluster once the¡r had. d-ropped to the bottom

of the tank" In the second. trlal- perÍod. the follovrlng

d-ay a fresh cluster of tubifex vrere si¡r11arly presented.;

d.uning thls trial no approaches Tuere rnad.e by any of the

fish to the suspended. food.. Ït 1s therefore conclud.ed.

that C. eremius is pred-oininantly a demersal- feed-er"

Since C" erenius Tirill read.ll-y feed- on tubifex

\nrorms these rÂ¡ere used. as food. in the series of feed.ing

experiments to be d-escribed-.

The large numbers of Co erenius trapped d.uri-ng

both d.ay and. night hours (see p, 138 ) suggested. that the

speeies feed.s d.uring the d-ay and the nighto In ord-er to

establish whether this is trn fa.ct the case, 1O sub jects

(25-\Omrn Sf) fro¡n laboratory stock rüere placed. 1n the tan}-

ß6 * 18 x 2oem d.eep) f 1ffee to a d.epth of 4"ocm with

arteslan vrater" The stoclt had. been malntained in a roon
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in r¡vlrich windows ensured. a reguJ-ar ô,ay/nj-g}rt cycle of

light j-ntensi-ty within the room. Placed. near a wind_ow

where this cycle of iilumination u¡ould- continue, the test
sub jects luere all-owed. to settle down for a period. of 24

hours prior to the experiment commencing. The first
series of observations were carried. out 1n d.ayJ_ight on

tr¡ro suceessive morningso On both occasions 20 tubifex
\üorms were plaeed at rand.om into the tank and. a 2 houn

period. allowed to elapse before an inspectlon was mad.e of
the number of tublfex remaining" then, on tv¡o successive

evenings, in d.arkness, commencing the follovuing dayt 20

tubifex ïuorms vrere agaln introduced. into the tank ancl_

after a 2 hour perlod. an inspection mad.e to see how mar\y

tubifex remained uneateno The nesu]-ts of these tests

shown in Table 5j tnaicated. that all avai-l-abl-e tubifex
Trere consumed- during both dayllght hours and at nlght"

ft is therefore concl-ud.ed. the speeies vrill_ feed. both by

night and. d.ay,

(¡) Senson.v factqrs lnvol-ved. in Food. Location and.
Feed.inE

To d.etermine the rel_ative importance of the

variou-s serrses in l-ocating food. and- stinulating feed.lng

activity, a series of comparative feed.ing tests, using

tubifex, were caruied. out to deduce, by a process of
elimination, the prlnary sense/s invol-ved.. Laboratory

observations on feed-ing subjects hac. ind.lcated. that not

until- the forehead. is in very cLose proxlmlty to food_,

usuaJ-ly less than lerLc does a sub ject displalr argr form
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of feecling activity or give any ind.ieatj_on thrat it is
arvare of presence of food., unless it has been aLerted. and.

attr,aeted by the feed.ing activity of other ind.ivld.ual_s

(see p. lO3 ). fhis suggested. that r¡vhatever sense/s

were j-nvolved. in food. location and. feed.Íng they nor.mally

operate only at short rari.ge.
/.\{1,l Vr_s10n

lhe resul-ts of the day and. night feed.ing ex-

perìments d.iscussed- on p. ll1 suggested. that

vision plays no speclal role in the location of
food-o Nevertheless a specj^fic experiment was

undertaken to examine thiso Four pafus of

sub jects, all of slmllar size (l+O-45rnm Sl),
vrere placed. in 4 separate tanl<s 3e * 18 x 2Ocst

d.eep) fitteO to a depth of 4cn vrith anteslan

waten" Feed.ing tests trirere canried out d-uring

the Late morning of the d.ates shor¡¡n in Iab1e 60,

by placing 20 tubifex in each tank for a period

of 2 hours and. noting how nar\y v¡ere eonsumed. at

the end- of this perlod.. One pair of tanks was

ill-uminated. by the neans of a rPl-aneti fl_uores-

cent lanp suspend-ed" 25cm inrmed.iately above the

water surface whil-st the other pair was covered.

wlth a thick black cloth so that the subjects

rrere in d.arkness ( see Fig, Zl ) . "r.lthough no

water temperatures were record.ed. it is unlÍkeIy
that there was any significant difference between
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the d-ifferent tanks sÍnce alJ- were kept in the

same l-aboratory room 1n cl-ose proxlmity to eaeh

other and. the heat enitted. from the fluorescent

lamp uas consid.ered. to be insignificant.

¡\fter 2 hours, an inspection ltras mad.e of the

number of tulolfex re¡iaining in each tank" ./:s

a control, for each suceed-ing test the illum-

i-nation cond-i-tions Írere reversed. so that the

sub jects who had. previously been fed- und.er

illumlnatj-on u¡ere then sub ject to feed.ing in

d.arkness and. vice versa"

There 1s no consistent d.iff erence between the

cornparatlve resul-ts given in Tabl-e bO so it is

concl-uded that i-n C. eremius visíon 1s not

essential- in locating food and. that the capacity

to locate food. is d.epenilent on other factors"

There i s no statistieally slgniflcant d.ifference

between the quantities of tubifex eaten in

light anÖ d.ark (see iippend.ix V , Report C).

Movement

4. further series of tests were carrled. out

to d.etermi-ne 1f movement of the food. assisted-

in its location" Eight d.ifferent subjeets were

ernployed., housed. in pairs in each of 4 tanks

similer to those used- 1n the previous experiment"

fnto each- of one pair of tanks 20 l:Te tubifex

vrere i-ntrod.uced. whilst into each of the other
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pair 20 d.ead. tubifex 'ürere placed.. These $rere

kil-l-ed. im¡nediately prior to the test by being

momentaril-y immersed. in boiling water" Duning

a feeding period of 2 hours aLL tanks were

1lJ-uminateiL equal-ly by a rPlanetr fluorescent

lamp set 25cm above the r¡rater surface, Jrt the

end. of the feed-ing period. the number of tubifex

remaining in each tank were counted.. In the

following trial the 11ve and. dead. tubifex ïuere

placed. 1n the opposite pair of tanks so t}ra1"

subjects pneviously fed. I1ve tubifex v¡ere fed.

d-earl. tubifex and. vice yersa. Since the

previous experiment had. d.emonstr"ated. that vision

has no influence on the capacity to locate

tubifex any slgnlf icant d.ifference in the

m:mber of dead. or al-1ve tubifex consumed. in thís

present experinrent vuould suggest that sensory

vibratlons set up by moving prey are significant

in enabling Co erem1us to locate food..

The results of this experiment are pr.esented

in Tabl-ebl " Slnce there is no significant
d.iffe::ence in the timo sets of readirrgs¡ 1t is
concl-ud.ed. that movenrent of the prey are not

important in the l-ocation of food.. Ihere is no

statistically significant difference between the

quantities of l-ive and. d.ead. tubifex eaten (see

¡ippend.lx V , Report D).
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/rnothen sinilar experiment was cond.ucted. in
which two groups of subjects riuere alternately

fed. live tubifex under iflu¡nination and. d.ead.

tuþifex in darkness, i.€o two sepanate pairs

Trrere each tested. for the nu¡lber of live tubifex

consumed. und.er illumination and. compared. agalnst

another two sepanate pains being fed. dead. tubi-
fex in d.arkness,o The results from this experi-

ment, as shown in Tab1e ö2, eonfinm the con-

clusions of the prevlous two senies of experi--

ments that neither vlsion or movement play any

irnportant rol-e in the location of food.. Ägain

there is no statlstlcalÌy significant differ-
enee betvueen the quantity of il-l-uminated. tubi-
fex eaten and. the quantiiy of d.ead tubifex eaten

in d.arkness ( see Append.i-x { , Report E) .
llT'ouchrl Sens e via Ventra.L Fins"

Since Haines (t Se S¡ observed in Eilsgl&fug

ol-orum that the ventral flns appeared. to be

acl-apted as a sen-se organ usecl to d.etect food- by

actual contact with food, f examined. whether

this uras the case with C" enemius" especial-l-y

as sense neceptors have been located. in the flns
of a nr¡mber of bottorn-Living fishes includ.ing

Tr_i lg sp. (von Frische, 195o)c (scharcer, 1935).

Observations upon C" eremius feed. ing on tubi-
fex d.id. not ind.icate that th.e ventral fins r/vere
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employed. in food. perception" NevertheLess an

experiment v¡as carried. out, because any sensory
I

neceptors pnesent in the ventral- fins need. not

necessarily require actual contact to d.etect

f ood..

Using two tanks 3e * 18 x 2Ocm deep) fiff ea

to a d.epth of 4.Ocm of artesian water, I seleet-

ed. two batches of 1 O subjeets each, each re-
pnesenting a sfu;ilar size range (JO-45mm SL),

From one batch f removed. the ventral- fins of

each individ.ual by means of surgical scissors

and left those of the other group lntact as a

control. Each batch. rvas placed. 1n separaie

tanks ancL l-eft 24 houns to al-l-ow the subjects

fron vrho¡n fins had. been removed. to recoverc

/it the conclusion of this perlod. 20 l-ive tubi-
fex were i.ntrod.uced. into each of the tanlcs,

These riuere kept 1n d.aricness by placing a bl-ack

cfoth over both to el-imlnate arÌy possibl-e use

of the visual- senseo Lfter 2 houns the tanlcs

were inspected to see how many tubifex had. been

eaten in each" Two similar feed.ing trials
were run vrith the same subjects orr a later

oecasion.

The results of these tr-ial-s are presented. in
Tabl-e b3 . The mar,ked. d.iscrepancy in tl.e

results of the flrst trial and. the final tu¡o
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trial-s suggests that the test group had. not

ful1y recovered. after their fins Tirere removed.

at the ti¡:ne of the first tria1. Assurning this
to be the case it is conelud,ed. that since in
the two final trlals an equal nurnber of tubifex
vrere consumed. by those subjects d.evoid. of

ventral fins as those with intaet fins that the

ventral- fins are not employed. to arqr sifnificant
extent in l-ocatíng food-o

Having el-lminated. vi_sion, vibration recog-

nii;lon and. food. r.ecogni_tion by the ventral f ins
es signlflcant factors assisti.ng in the location
of food., I then examined. the role of the olfac-
tory/ gust,atory senses o

Ln experiment was ¿ssì gned in which a tank

ß6 * '1 B x 2Ocm deep) in size was employed..

Smal-l syrabs, approximately 5rnm in diameter,

vúere prepaned. from tightly compressed. l_int

bound in cotton thread. and. attached. to short
lengths of platinr:m wire. Befone each trj_al_

the tank was fil-l-ed. to a d.epth of 4"Ocm wlth
artesian watero Â single fish was put into
the tarrk and. allovrred. to settLe d.own for t hour.
The tank lyas i1luminated. by a tplanett fluores-
cent fanp set 25cm above the water surface while
the rest of the l-aboratory room vras d.arkened..
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I'or a period. of 15 minutes before the start of

the triaL one swab was immersed- in freshly
macerateü. tubifexo fmaed.iately befone the

trial eonmenced. the sltab lnas r emoved. and.

briefJ-y washed. with d.istil-led. water to remove

tlssue fragmentso -¿'i control- svrab had. previous-

Iy been inmersed in macerated. tubifex in order

that it would. acquire the slight pigmentation

inparted- by -bhe macerated. tubifex but t¡¡as then

urashed. 1n several changeS of hot distilled.

water to remove as much od.our as possibl-e"

Immed.iately prior to the trial- the two srvabs

were introduced. into the water 1n the tank,

one at either end., 1en above the tank bottom,

and fi>,ed- in posltion by looping the attaching

wires over the rlm, of the tar:k ( see figure 22) 
"

Sitting at a d.istance of several- metres from

the tank in t he d.arkened. roon in ord.er not to

d.isturb the sub ject in the illuminated. tank,

f proceed.ed to score the number of cl-ose

approaches and biting motions nad-e by th.e sub-

ject d.uring a I hour perlod." rì,t the conclu-

sion o f this interval, the 2 srvabs vrere re-

moved., the test swab being reintrod.uced- into

freshly macerated. tubifex shortl-y before the

next trial and the control swab again washed.

in several changes of hot distilled. water.
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The artesian lr¡ater was replaced. with a fresh
supply, the same subject li¡as reintroduced_ fon

a second trial wl.ich nas run after a t hour

settling d.or¡¡n period, but the position of the

control- and. test swabs were reversed., This

proeed.ut:.e rïas repeated. 'flrith a furtl.er J

d.iff erent sub jects.

Sinee the test and control_ swabs were

slnilar in al-l respects, except that the test
one Ìyas infuseC. with macerated. tubifex soLu-

tion, any d.ifferences in nesponse elicited. by

the 2 swabs would. pnesi:mably be d.ue to d.lffer-
ent stimul-i on the ol-factory/gust,atory senses.

The results presented. in Tab1e 64 cleanly in-
¡

d.icate that the preparecl swab stimul-ated. a

significantly greater number of approaches and.

blting responses than the neutral control svrabo

Tt is therefore conclud.ed that the olfactony
anô,r/or gustatory sense 1s t he pred.ominant

factor enabling Co, enemius to l_ocate food., and.

in stinul-ating feed.ffig action. The pronouneed.

d.nop in response to b oth the trial_ and. controL

swab (in most instances) during the second. trial
run for each subject suggests that a learnlng
process may be occr:ruing oue to inabllity to com-

plete the f eed.lng action Cuning the lnit iaL trial_
runo There i s a híghly signlficant statistical-
d.ifference between the number of approaches to
the prepared. and. eontg-oI svrrab ( see Appenil.ix l/ ,
-^-^-¿ n\ ßEPORT F).
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3. RESPONSES TO CERTATN ASPECTS OF THE ENYIRON}MNT.

( a) Pneamb]e

fn each of the following series of experiments

the test subjects rrere housed. in a tr.anspanent penspex

tank (40 * ¡t x lcn deep) 1n Jcms d.epthof water., Each

experiment was a habitat prefenence trial- in whlch the

f ish Trere obser"ved over a perlod. of t i¡le to establ_ish

thelr preference (f any) for one or other of the pair
of environments presented. to tTrem, orle in each half of

the tank. Ihe trials were scored. by record.lng every

I minutes the number of fish present 1n each hal_f of the

tank, thus gettlr¡g atf overalL measure of the nel_ative

time the menbers of the test group spent und.en each of

the alternative conditions over the total period of the

experiment o

(r ) Lleht

To establ-ish jf and hovrr C" eremius respond-s

to light I cond.ucted. a series of trlals to d.etenmine the

preference shown by lnd.ivlduaLs for illuninatiorr versus

d.arkness. Jn each trial 1O fish lvere plaeeil in the tank

d.escribed. Black matt paper $ras attached. to the u¡.i[er-

fying surface of the tank to red.uce light refLectionsc

Half the tank was il-Luminated. with white light fnom a
tPlanetf fluorescent lamp placed. 25em above the surfaee

of the water whilst the other ha]-f of the tank was

malntained. in d.arkness by means of a blaekened. wood- mask

(see fig" Z+). The heat from the famp rras negligible,
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therefore water temperature ïuas virtuatl-y unifonm through-
out the tank" vihen a group of test fish were placed. in
the tank a settl-ing down period of t hour üras aLlowed. to
elapse before a trial eommenced.o During eaeh tnial,
eveny ! rainutes over a t hour period the nu¡nbers o f f ish
in the open and. d-ankened. sections of the tarù respectively
were noted." At the end. of each trlaL the darkened. and.

il]uninated. halves of the tank Trere rever.sed. and a

settling d.own period. of t hour was allowed. to elapse

befone the next trial" Different fish rrere used. for each

pair of trials.

The r-esul_ts of tTre 12 trials cond.ucted. are

presented. in Table bt . It is clean that 0n er US

is strongly negatively phototactic, spendíng more than

70% of its tinie in the d.arkened. part of the tanl<.

(") BackEro Reflectivity
îo d.eter.nine wÏrether eremius is sel-ective

in regard. to the amount of light refr-ected. fron the back-
ground. over which it moves r cond.ucted. a senies of tnials
scori-ng the pr,eference shor,irrn for a d.ank backgnound. versu-s

a light background_ on the same basis as beforeo

Again employing the same tarik as before f
attached. to the und.er.lying surfaee two different col-oured.

papers' Thus one hal-f of the tank had. a matt brack back-
ground., the other half a natt yelIow background.. A
f Planetr fLuorescent larnp was set Ìongitud.inally 25cm

above the urater surfaceo Trn¡o trials, each of 2 hours
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cLuration, \flere conducted. employing the sa:ne 1O f ish

in eacTr trial. At the end of the first trial the

background- colours were n eversed. to the opposite end.s

of the tank and a t houn settling d.ou¡n period all-ovrred.

to elapse before the next trial"

The resul-ts of t}:e 2 trials are presented-

in Table 6b f"ot rrYhich it appe ars that C. enemius

Ïlas only a very slight preference, if arr.y¡ for a d.ark

colou-ned. background.. There i s no statistical ly

signifieant d.lfference betvreen the tine spent overs

the black and. yel-low backgrouniLs (see Appendix V ,

report H) o

(a) BackEround- Texture

Io d.eter"mine whether C. eremius has any

preference for the texture of the bed. over urhich it
settles I cond.ucted. a senies of trial-s in which I
compared. the preference for a coarse-textured. bed.

Yersus a smooth-textured. bed."

In the test tank I f 1tted. a wood.en (¡ pfy)

bed." The surf aee o f one half of the wood. bed. was

l-eft smooth whilst the other half was coarsened. by

means of a stout nail brush to bneak up the surfaceo

To al-1 intents the colour of the two sections üras the

same, but the smooth surface d.id. refl-ect somewhat

more lighto A rPLanetr fluorescent l-¡mp was set

longÍtudinall-y 25cm above the wâter surface. A

series of 6 trials, gach of t hour d.uration, were
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eond.ucted.Õ Five fish were used. i-n each trial and. the

sa¡ne flsh1r¡ere empLoyed. 1n all trials" At the end. of

each tnial- the 2 d.iffenent bed.s $tere reversed. to opposite

end.s o f the tank and. a period. of at l-east 1 houn al]owed.

to elapse before the nextfu1al commenced-o

The resul-ts of the 6 trials are presented. in

Table 61 " rt is seen that the species exhibits a very

strong selectivity of some 86/, for a smooth-textured. bed-

ln pr:eference to a coarse-textured- bed-" ,Since in the

previous experiment C. erenius showed. no significant

prefenence fon a far less refl-ective matt bl-aek surface

it seems reasonable to assume that the effect of the

slightly less nefl_ective coarse-textured. bed. in thls

experilnent 1s negligible.
(") BackErou.::d. trled.ium .

fn the natural habitat of Co erenlus stream

bed.s are frequently encountered. consisting in one sectlon

of light colouned. coanse-textured. sanil and- in another

section d.ark coloured- flne-textured. siIt, for exampler as

at Johnsonrs No" 5 Bore (loeality 24), Nunnrs Bore

(Ioea1ity 27) and lÏobna Spnlng (local ity 35).

On the basis of the prevlous 2 laboratory exper-

iments it appears that the specles wouLd. shovrr, with regard-

to textune, a strong preference for fine-textured. bed.s,

but with regard to reflectlvlty no perceivable preferenceo

Thus with regard. to c oarse sanil and. f ine si.lt it woul-d. be

expected. that the species would. show a preference for silt
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rather than the sand., irrespective of the d.ifference in

refl-ectivity of the two riediu.ítso

In ord.er to establish which of these med.ia are

preferred. I conducted 2 trials to deternine the relative
preferences of the species" Again employing the sa¡ne

tank T prepared. 2 different bed.sr one sil-t the other sand.,

from material collected at Wobna Spring (locality 35) "

Thus one half o f the tank contained. a light coloured.

coarse sand. bed., the other half a d.ark fine silt bed.t

both of a unifornr d.epth of lcmo A tPl-anett fl-uoreseent

famp was plaeed. longitud.lnal-l-y 25em above the water'

surface, During each t hour trial using 10 fist¡ the

nunben of fish over the sand. and. the sift respecti-vely

was scored. every ! minutes. At the conclusion of the

first trial the tank vuas turned. around. so that the bed.s

were facing opposite end.s of the laboratory and. a perlod.

of t hour al-l-owed to elapse before the second. trial- was

commenced. using t'Ïre sane iO subjects,

The resul-ts of the 2 tr.ia].s prdsentecl lnl.Î'able 6€

show that there is a strong preference for the flne d.ark

silt as shown bJr the time spent over ito this preference

is what was expeeted. on the basis of the earlier experj--

ments but the d.egree, of preference i s not as great as

anûicipated- though this is possibly due to a greater d.egree

of d.ifference 1n textures between those of the artif,ically
prepared. bed.s and- those of the natural bed.s" There í s a

statisticatly slgniflcant d-ifference between the tines spent

over eaeh of the two different bed.s (see Append-ix V, reportl).
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(f) ¿qugtie--lretrtation.

Field. obsenvations (see p. 9ç ) inaicate that

greater numbens of C. eremius tend. to be tnqpped in those

sections of a stream where aquatic vegetatlonr particu-

larly fiLamentous green algae, is abund-ant rather than in

poorly vegetated areas"

To measure the d.egree of preference shovrn for

the aIgal environment I conilucted. a series of comparative

trials sconing the ti¡ne spent amongst algae as opposed. to

open Watern \{ith matt black paper attac}red. to t}re bottom

of the test tank to ::ed.uce tight reflection I placed. a

quantity of live green algae (gplnoei4fa sp.) coLlected.

fron \tTobna Spring (loealitr 3Ð uniformly and. d.ensely

throughout one half of the tank and. l-eft the othen half

as open vuatero A lPlanetr fluorescent famp was plaeed.

longitud.inally 25cm above the water surface.

During each 1-hour long trial the nurnber of fisht
of a totaf of 1O (aifferent subjects for each trial)¡ or

top and. beneath the algae and. in tTre open vr¡ater section

respectlvel-¡ rvere scored. every I minuteso At the cofl-

cl-usion of each trial the fish u¡ere removed. and. t he algae

replaceil 1n the opposite end. of the tank. New subjects

were then intnod.uced. and. a peniod. of t hour allowed. to

elapse before the next trial- commenced."

Tab1e bj pnesents the results of the 3 trlals

coniluctedo It is apparent thåt members of the species

spend. much longer amongst aquatic algae than 1n open water.
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Sinee, overalI, the fish occuæed. in about egual nurnbers

lying on top of the surface of the algae as beneath it,
it appears that little of the prefenence fo::. the algae

in this experiment can be d.irectly attributaþle tc the

characteristie negatively phototactic response d.emon-

strated. previously (see p.ll1) " In fact there appears

to be no pTrototactic response, eithen positive or nega-

tlve, ind.icated by the results of this experiment. It
is possible that the algae ï¡ere paeked. so d.ensely that

the fish \ñiere unable to remain beneath its surface for

argr prolonged. period. wlthout irnped.ing respiratory

activityo

4.

Co eremius has the abillty to und.e::go ehanges in
bod.y coJour between light yellow and. black" I observeil

in the field. that individuals in-habiting bodies of water

with Bred.ominantLy light coloured bed.s, for example,

Triobna Ðpring (localitr 35) lnvariabJ-y have minimal- d.evel--

opment of d.ark pignentation so that the characteristie

transverse band.ing of the d.orsal surface (see p" I ) l"

barely apparent. On the other hand. ind.ivid.uals lnhabit-
1ng waters wlth predoninantly d.ark coloured. bed.s, fon

example, Johnsonrs No. 3 Bore (loea1ity 24) and. Nunnrs

Bore (locatity 27) are usually very d.arkly pigmented. and.

' are often alnost uniformly d.ank over. the d.orsaL and.

lateral surfaces, with little ind.ication of band.ing"

fhis adaptation to background. colour would. seem 11ke1y to



131,

constitute a proteetive asset against pred.ators, in
par-tlcular birds"

Fry (lgSl) has pointed. out that in fish ttre

time required. for movements of pigroents to occun fnom

one extreme to the otb.er Ís highly vanÍabIe" In

Ç.q.gni_labrUs. sp. for example, change can occuls within a

few seconds, in Sundgfus. sp" in 1-2 minutes, in Ane_iurus

spo 1-35 hours, vuhilst ålgi_f-f-e sp. takes 20 d.ays.

fn the course of handfing l_abonatory stock 1t

beca¡ne evi-d.ent t,o me that C. _er_@q may respond. to

d.ifferent intensities of baekground. colour relatively
quickly but that ind.ivld.uals vary in their rapld.ity of
response and in the extent üo which they respond.. A

series of tests was, thenefone, cond.ucted. to measune the

time taken to respond. to changes in background. cofouro

Fourteen fish were plaeed 1n a smal-l glass-bottoned_ tank

36 x 18 x 2Ocm deep) contalning l¡cm d.epth of watero

The tank was set on a bl-ack natt paper background. and.

ilLumirrated. by a rPl-anett fl-uorescent lanrp placed. long-

itud.inalLy 25cm above the water surfaee" The heat

emitted. from the lamp was negl1gib1e" The subjeets were

kept continuously illuminated. for 24 hours over the black

background. when there r¡ras an increase in the d.ens ity of

vislble d.ark pigment* At the end. of this perlod. the flsh
were pIaced., one at a tlme, by means of a smal-I d-ab net,

into an ad.jacent tank of the sane size, also illuminated-

from above but witi: a matt white paper baekground. beneath
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the bottom of the tank. Usir¡g a stop wateh the time

that eJ-apsed. betv'¡een introd.uction into the second. tartk

and- the first d.iseernible change (a liehtening) in bod.y

colouring tvas measur"ed., by two observerq fon each

ind.ivldual. The fish were then retained. und.er contin-
uous 1lLu-nination over a whlte background for 2l.r houns,

wl:en there was a marked red.uetion in the apparent d.ensity

of the pigrnentation" The fj-sh iflere then nepLaced in the

first tank over the bl-ack background. and the times noted.

for the first d.iscernable d-arkening to occul. 1n each sub-

ject, two observers again taking part. these tests were

then repeated.. îable10 presents the times taken in
these tests. It can be seen that the time taken for an

initlal response to be recorded. vanied- between 2.@ and.

29"O seconds.

Although no speclfic tests have been cond.ucted.

to measure the tine for maximum ehange to oea'g:r" severa-l

very darkly pignented subjects when placed. on an il-h:.min-

ated. white background. 1n the Jaboratory cornpleted- the

cTrange to a light sand.y yellor,v within a per.1od. of 60-1 20

second.so Such rapid.ly eornpleted. extreme changes in pig-

mentation are not, howevei:, ty¡rical of the specieso

Since the change 1n pignentatlon that oec.urned. when

eaeh fish was transferned. to a d.ifferent bacþror.L:rd. col-our

may have been d.ue to factors other than the background.

colour, a second. series of eontrol tests were run j-n uùrich

the sane fish used. in the above, tests TÌ/ere flrst plaeed.
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for 24 hours in an ilIr:minated. tank over a r¡iÈrite back-
ground. and. then transfemed. ind-ividually into a similarly
j-11u-ninated. ad.jacent tan]r, also ïr'-ith a v¡hite bacþround..

Followlng this the tar:.k vrras placed. over brack paper and.

the flsh were then kept for 24 hours over a black back-
ground. and. then transferred. ind.ivid.ualry into another

tank also with a black background.. rn no instance did.

argr of the fish d.isplay any perceivabl-e change in bod.y

colour upon being transferred. to a background. colou-n

sinil-ar to the one they had. been hel_d over for the pnevious

2l+ hourso Thus it is coneruded that the change in bod.¡r

coloun that oceurs when sub jects alre t:ransferued" to a

d.iffenent background. colour is d.ue primarily to the baek-
ground. eolour itself and. not to any d.iffenence in tempera-

ture, wate'r cond.itions or an emotional factor. ind.uced. by
hand.llng 

"

Fny (lgn) has al-so pointed out that although

col-our changes generally d.epend. on visual_ stfunulation and.

that usually a bl-ind.ed. fish beeomes d.ark arrd remalns so

vrhile illuroinated., regard.less of changes in background.

coloun, a number of fishes, inciudlng tvro species of

-Goþius., continue to r.espond. to changes in llltmÍnation
after blinding" Fry (lgsl) states that responses to back-
ground. colour may aÌso be initlated by photoreceptors in
the skin (possibly by d-irect or reflex activation of
chromatophores), the plneal complex and- possibly bV other
nerrrous str,uctures not yet id.entlf ied..
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To d.etermine if body pigments respond- to

changes in background colour in bIlnd. C, eremiusr 5 fish
rend.ered. and. eonfirmed. blind. in a pneviously described.

experiment (see p" lO1 ) vrere placed. with 5 vision-Íntact
fish of sinilar size in a tank und.er illumination over a

bf ack baeþround. fon 24 hours " The fisfu ufrrich ïvere all
now d.arkly pigmented-, Trere then tr.ansferred. ind.ivid.ually

to a tank with an ill-uminated white bacþround. urhen a

coLour lightening occurred- and. the pigrnent response

times noted-" The fish \lÍere then hel-d- over a whlte back-

grorrnd. for 24 hours after whlch they were transferued.

back into the tank over the bl-ack background. wlrere a

d.arkening occumed- and. response times vrere agaln record.ed."

From the r:esults of these observations (see Tabl-e Jl )

it is seen that both the blind and. the vision-intact fish
respond.ed. to changes 1n background. col-our. That is,
blinding had- not abolished the pigrnent response in ehanges

to background colour.

Thus it alpears that in 9Æ,1Æ chnomatophores

respond. to stinulation other than via the optical systemt

although this probably is the principal effeetor vrrhen it
is intact. In fact, because the mean tinie taken by the

bl-ind flsh to respond was somewhat greater than that taken

by the vision intact fish this inplies that the pigment

response does depend. 1n part on visual stlnrulation since it
is effected. more rapiclly by this means than via extra-

optlcal photoreceptors a1one.
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-ån .anafysis of the d-ata in fabie Jl ind-icates a

statÍstical]y significant d.ifference between t}. e mean

response tj-:tes of blind. and. vlsion-intact fish when

transferred- from white to black background-s (see Append.ix

V , report J) " However, there is no significant

cLifference in the mean response t imes of the two groups

of fish when transferred from bLack to whlte background.s

(Append.ix V , report K). These d.ifferences in sig-

nifj.eances could well be d-ue to errors caused. by the

subjeetive method. of record.ing the responses" Ït Tilas

lntend.ed. that this factor woul-d. be nrinimised. by enploying

two observerso A larger volume of d-ata, employing greater

numbers of flshe v¡ould. und.oubted.ly enable more conclusive

results to be mad.eo

The d.ifferences in the mean times taken (itt

both groups) when transf effed. from bL ack to u¡hite back-

ground.sflcm rnrhen transferred- from white to black back-

grounds could. be due to either. (t) d-ifferences in

d.etecting col-our changes against d-iffer"ent eoloured- back-

ground.s, orr (t) a genuine response time differenee,

that is, tþe ehange from d.ark to light col-ogr rnlght be

effected. more rapidly than the change from light to

d-ark coloul3 o
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As previously d-emonstraterl,
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C- er us feed.s both

by night and. by d.ay in l-abonatory tanJr,s (see p. lll ).
This suggests that in the natunal habitat the species is

similarty active nlght and. d.ay. In ord.er to measure

the relative d.ay/night aetivity pa.ttern of the species I

cond.ucted- a series of trappings of the population at

Johr:sonts Noo J Bore (loca]ity 24) on d-ifferent occasions

between December 1968 and September 197O.

The main day/nisftt trappings (Series 1A - 6A)

u/'ere made in a large sid.e pool appnoximately 6 metres

ín d_1a¡neter- irhose d.epth ranged. between 15 and. Jocn"

Each tnapping consisted. of 9 non-baited- vrire mesh traps

(see ABpend.ix D for descrlption)" Set in a cross

pattern 1. metre apart (see figure 20 )e placed. in posi-

tion from the sid.e of the pool by means of a 2 mef'te

long pole with attached- l-ine and- hookr so as to d.lsturb

the pool- as little as posslbLe (see figure 2l )o On

the occasion of the flnst 4 serles of trappings (See

[able 1L) the traps were set alternately one or more

times for B hours of d.arkness foll-owed. by B hours of

d.aylight (or vice versa) that is, the firs'c setiing was

mad.e at night, the second. setting in d.aylight (or vlce

vez.sa) and so on and- at slmllar timeso Counts were mad.e

of the number of fish in each trap at the concl-usion of

each settlng but the¡r were not sexed." The final- 2

series of trapplngs (,Series 5A and. 6e) were conducted-



117

as straight rung, that is, a nr:mber of successive night
tr.appirgs of B Ìrours duratlon eacTr, fo11owed. by an equal

number of d.ay trappings (or vice versa) and. on these

occasions counis Tirere made of each sexc The results
of all these tnappings (Series 1A to 6A) togethen with
the phases of the moon are presented- in Tabl-es 'l2and73 .

Anothen series of sirnilarly eonducted. tnappings

(Series 18 to 4B) were mad.e in a second- suraller pool at

Johnsonrs No" 3 Bone (locality 24), employing 2-4 traps

for eacïr setti.ngo The first 3 of these series Trere

alternate d.ay/ni.g}rt trappings; the fish were not sexed.o

fne 4th in these series of trappings comprised. J success-

ive d-ay trappings folLov¡ed. bV 3 successive nlght trap-
pings; in this senies the fish vi¡e?e sexed. and thein

stand.ard lengths noted-" The results of these tr-appings

(Seri-es 18 to 4B) are presented. 1n Tablet 4 and-7È "
Series 1A and. 2A (see lable 72 ) show a pattern

in which peak activity occurs during night hourso

Ser.ies 3A did. not however follor¡¡ thÍs pattern, and. in-
d.icated. neither a d.ay o r night actlvity peak; the

progressive d.rop in nu¡nbers vuith each successive trap-
ping suggests that d.isturbance of the habitat through

setting and. removing tnaps had. possibly inter,fered. v¿ith

normaL activity on this occasion. Series l+A 1s again

inconclusive and. if anything suggests equ¿I activity in
both night and. d.ay. Senies 5A and. 6¿ in whlch the

settings Tvere made at successivel¡r slmj-l-ar times lnd-icate
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that activity is 2O-3O per cent greater d.uring d.aylight

than at night" The d.ifference in propor:tion of the

numbers of mal-es and. females trapped. d.ay and. night may

be d,ue to greater activity on the part of females, but

more probably, to a d-ifference in the populations sex

ratio (see p, 10 )" However maJes appealî to d.isplay

relatively less red.uction j-n activlty at night than

femal-es, It will be noted. that in Series 5A and. 6A

that the ord.er in which the trappings ïvene cond.ucted.

was d-lfferent, that is, in Series 5A the d.ay trappings

\ryere mad,e first wh1lst in the Series 6¿. tfre night trap-
plngs nrere mad.e flrst; this was in o::d.er to counteract

argr effeet on the trapping rates d.ue to the habitat

being d.isturbed. duning the early settings on each

occasion.

The results of Series 18 - 4B cond.ucted. in the

small-er pool (see Tables74-TÐ are al-so corrflicting in
that whil-st the d.ata from Series 18 suggest a peak

activlty rate d-urirg d.aylight hours the resuLts of Senies

2B suggest a night peak. It will be noted. that the

resul-ts of Series 2B are similar to those obtained. wlth

the s imul-taneously cond.ucted. trappings in the larger pool,

t},at is, Series 1A (see Table 12 )"
[hese resu]-ts are fairly conflicting in that

though the species always d.isplayed. some activity, botJr.

night and. d.ay, there ïr¡ere oceasions when there was an

exceptional prepond"erance of nlght actlvity and. otTrens

v¡Ïren this occ.umed. d.urÍng ùay11ght hours.
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Tïre possibility that these enhanced level-s of
d.ay or night activity may be influenced. by the d.egree of
moonlight, and. therefore lunar phases, has been consid.ered..

Taklng the total eounts from al_l- the comparable night
trappings cond.ucted. at Johnsonrs No. J Bore (1oca1itv 24)

and. Wobna mound- ûp::ing (locality 3D) (see Table P )

respectively, I separated- them aecord.ing to tÏre l-una-n

phase prevailing on the níght of trapping as shovr¡:r in
Tables 7b and. l-f o I then d.etermined. the mean trapping

rate d-uring each phase and- compared. one with the other.
0n the basis of the ilmited. number of d.ata a'¡ailabre it
can be seen that, at both l-oeaiities, the tend.ency

appears to be for greater numbers to be trapped. (=greater

activity) d.uring the new moon phase than dur-ing either.

quarter or,f ull moon phases; a1so, for g::eater numbers

to be trapped. d.ur-ing quarter ¡noon than furr moon phases"

Thus an increasing amount of moonlight appears to pno-

gressively d.epress the numbers trapped and hence ind-icates

a lower Level of activlty.

Holrever, only at Johnsonrs No" J Bore (Iocality
2l+) is there a statistically slgnificant d.ifference

between the trapping rates d.uring full- moon and_ the other

lunan phases (see Appendix ,/ , report L)" This sig-
nificant d.ifference applies between fuIl moon and. all- the

other phases but reservations are hel-d. about the comparlson

betvreen fuIl rïÌoon and new moon since the new moon d.ata

comprises only two obser.vationso
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As pointed- out by McDowat-J. (lg6g) l_unar rythns
have been reported. in several fishes but only a very few,

itrel-l- authenticated., cases involving non-marine species

have been found " Regard.Íng one of the latter, (gql:ax:.qs

a!.!e-¡rqe!æ (;enyns), Burnet (t%S) founa that mature

ad.ul-ts migrate d-ou¡nstream to esturine spavn:ing ground.s

just before fulI moono Dee'lder (lgSl+) conclud.ed_ that
in Aneuil-ljl g4g¡!!Le T," nigration to the sea is influenced.

bJ¡ the phase of the moon but that this is not through the

d-irect infl-uenee of moonlight as migrations are knovrn to
oecur regard-Iess of night sky cond.itionso Lovr¡e (lgSZ)

on the other hand. found. that the sane species wil-l-

migrate qnly when water is turbld. but that lunar in-
fluence 1 s d.isrupted by cJoud- eover and. suggested. that
l-j-ght quality may be a cr-1tical factor. Savage and.

Hod.gson (lgjt+) found a l-unar rythnn in 'ohe guantity of

hercÍng (species not specified.) caught comnerciall¡r, a
peak catch occurri-ng abou-t full- moon, and- Moore (tg¡A)

reported. Lunar r¡rthmns in the conrmercial species Eëgfl.p
centrod.ontus CuV" & VaL" However Bl-axter and Holliday
(lg6S) have shown Linat it is d.ifficult to estabt-ish if
apparent lunar rythumns based on conmercial cateh d.ata

ind.icate true fish ac'clvity rhytluns.

Vrrith C" g-qg4¿gg the picture is confusing but 1t is
possible that a lunar influenced activit¡r pattern operates;
careful anal.vsis of consid.erabl¡i more d.ata wil] be necess-

a?y to establ-ish vuhether thj_s is so or not.
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I have evidence from trapping d.ata to suggest that
C" _er_enius possesses a characterlstie anrrual pattern of

fluctuating actlvity l-eve1s. The most conplete set of
trappings made at one locality over an extended. period.

has been at'wobna Spring (locality 35)o The totaL counts

from each senies of tr4rpings mad.e at this locality beiween

September 1968 and November 1g7O (see Append-ix P ) are

pIo-r,ted. ln Grapls2l-ZA Although fan from complete, a

sirnilarity is noted. betu¡een approximateiy corresponding

time period.s, notably Septenber-December 1968 wlth
September-November 1970 and. December-June 1968-69 with
November-August 1969-70, i¡¡?rieh does suggest that a regu-Iar

eycle of activlty is operating. \iuhat trapplng d.a'6a is
avail-able from Johnsonrs No, J Bore (Ioeality 24) (see

Tables 76 an¿-lJ ) and. Nunn's Bore (1oeal1t¡ 27) (see

.Append.ix O ) f or the sarre perlod i s al-so plotted. 1n

craphsZ'l'/9rarñ, although sparse, what is represented, does

appear to present a somewhat simil-ar pattern, though out

of phase lvith those from -V-rfobna Springs (1oca1ity 35) "

Graph 29 \iras obtained by combini-ng the trapping data

avail-abl-e f or eacÏl rnonth at .¡úobna Springs (where more

than one set of d.ata available by calculating a mean) from

d.ifferent years into a singlê Jrear. I have in thls vray

attempted. to provid-e as complete a pieture for a h¡rpothe-

ùica] yea.r as is possible vr¡ith the scattered- d.ata avail-
able" Tt vuill- be noted. tha! Ín this form of presenta-

t1on, ihe coruelations between Vrlobna Springs (local-1ty

35) and. the other tu¡o .l-ocaLities are somewhat
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more sinilar than in Graph 28 , though still_ out of
phase"

lhis apparent activity pattern may be due to
the influence of lunar phases as d.iscussed earl_ien,

It is however posslble that this form of presentatÍon

may eonceal a component d.ue to varying water temperatures

attnibutable to seasonal changes in ambient ternperatureo

ïf there is such a seasonal temperature effect on

activity this is nore 1ikely to occur vrithfish in-
habitlng standlng or slowry moving bod.ies of water t han

those in swiftly flolring streams vrhere vrater t,emperature

remains fairly constant.
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6o aERtAt RESPTRÂTÏoN"

C" gr"elaiuq ha.s been seen iying in open shallows

of less than 1cm d.epth vi-itb the forepart of the bod_y out

of water during the nid.d.Ie of the d.a;r in warm summer

weath.er at the Old. Peake llomestead. bore (1ocality 15) ot
21 .XI,69 : arnbient temperature = J2,3oC, v¡ater tempera-

ture - 2g.6oC - 35.600o Vigorous movements of the

opercular of these fish suggested. they were breathing

air o

At Cov'¡ard Springs railvray bore (loeality 34)

on 22"II.68, d.uring the early afternoon, 6O fisn that
had. just been collected- lvere placed in 5cm d.epth of water

(water temperature = 3O.5oC) in an enamel- bucket in the

shad.e" ¡rfter 15 minutes und_er these erov¿decl cond.itlons

the fish d-ispla-yedr slgns of d.istress" Ind.ivid.uals

approached. the v'¡ater surface lvith gaping ilouths, air
bubbl-es formed at the lvater/air interface, several fish
soon coLl-apsed. and. ceased" all movement" S¡hortly there-

after flsh began to leap repeated-l¡r out of the ruater and

to tirrow theniselves against the wal-L of the bucket to
'which 'r,hey remained. attached- for var¡ring period.s of time.

The fish viere mostly attached. to the i;uall by

their ventral surface, presumably, principally by meane

of the sucti-on d.isc formed. by the united. ventral fins.

Some Ïrolvever attaehed. bJ¡ the sides of their bod.ies and.

hel-d. on by cap1ll-arity or b¡r mueous ad.hesion. vÏhilst

out of water such fish exhiblted very aetive opercular
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novements and. ít appeared. that they v-r¡ere breatlr.ing airo
fhe fish in the bucket leapt between approx*

imately 1 and. 15cn above the water surf ace and. remained.

out of the water for periods varying between 2f and,1j5

seconds before returning" cloeked. times of individ.ual_

peniods spent out of the vrrater by sone of the físh lr¡ere

as fol_Ior¡,,sr 25g 40, 45, 85, lODt 115 second.so On

occasions some fish that leapt only a short distance out

of v¡ater remained lvith the tail still ímmersed_.

Upon returning to the lvater the fish usually
slid. back d-own the bucket walL but sone activèIy threw

therrsel-ves off the wall_,

Several bl_ad.es of a reed_ common at Cowar-d.

Springs bore, Ty-p-ha _elrglrs_!¿lqfle L"r t-rere later suspend.ed.

into the bucket and. subsequentl¡r several- f j_sh urere obsenv-

ed to leap on to and attach to the surface of the blad_e6"

However the fish appearèd. to show no par,6icuran preferenee

for the surface sel-ected. for attachment, whether bucket

vraIl o r reed- bl- ad e .

All the f 1sh in the bucket sud_d.enIy coll apss¿,

ceased. respiration ancl died /l minutes after being in-
trod-uced, presunably d.ue to excessive d.epletion of the

o-uantity of d.issolved. oxygen in the ',¡vater.

On a subsequent vislt to Coward- Spring raiJ_vuay

bore on 22'rrr"68, 20 freshly collected fish ïüere praced

in the same bucket in zo5cm d.epth of water (water tem-
perature = 28.5oc) " Graph paper was placed around the
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i-nterna]. wal-l- of the bucket in ord.er to measure the

heights to which the fi-sh u¡ere expected- to leap from the

water. .After a perlod. of t hour the fish had. not

behaved- as on the previous oecasion and. attached- themselves

to the wal-I, although a few d.id. leap a sTrort d-j-stance of up

to 5em out of the water but inmediately felI back" ìi[ater

temperature however WaS 2,OoA lorrrrer on this occasion and.

.ûhe fish appeared. less cro'¡r¡d-edo There was therefore

probabfy a lower rate of d.iss-olved- oxygen d.epletion on

this occasion and. assumlng that a certaln critical- oxygen

leve1 is the stimulus causing the fish to leap from the

rrater this woul-d account for the d.ifference in behavlour

on this occasion"

I'ish malntained in l-aboratory tanks during uiarm

weather and- exposed. to sun-light near wind.owsr have b een

observed. to Lie for prolonged. period.s with the head- and-

fonepart of the body out of water resting on the surfaces

of emerging clunps of s1It and. plant roots ( tes

Sru.i€,). Active opercuÌar movements blr these f ish

agaln suggest that aerial- respiration 1s being performeil-

5-n response to d.epleted. d-1ssol-ved. oxygen level-s"

The water in a laboratory tarilr (16 * 1 8 x 2Ocm

d"eep) contai ning ! fish was allol'red. to evaporate wlthout

being replaced. during a 6 week period in January-February

1,97Oo When the water d.epth reached. zeTo t he f 1sh u¡ere ob-

served-, alive, ly1ng on the surface of the d-amp silt. Whilst

lying out of the vi¡ater the f ish continually opened- and-

closed. their moutTrs and. opercul-ae" TLris suggested. that
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aeria] respiration was being performed." The fish sur-
vived. in this situation for 4 da¡'s until the silt bed.

dried. out, rr'rhereupon they died, presumably due to dessica-
tion" These f ish vrene not observed. to attempt to buruow

into the sil-t in response to the water l-ever d.ropping to

zero (see p" 58 )"
The abili'c¡r to respire d.irect from the atmosphere is

clearI¡r an appropriate adaptation for fish inhabiting
vraters of high minenal content which are subject,to
relativelJ'high temperatures and also to severe seasonal

reduciion througir high evaporation rates in s.mner. such

factors rnust cause the aquatic environment to be subject
to perlod.s of o;uite lovr oxygen tension, a condition
fur'cher exaggerated. b¡r cattle urine, faeces, d.ecaying

carcasses and. '¡he d_isruption of water beds by movemen,r,

of the eattle" Thj-s l_atter effect i s particularly
prevelent in the Central- Australian region, especially
in the surnner months when cat-i;le conver.ge on bores and

springs" Aerial respiration'r,roul-d clearfJr constltute
a useful and. possibl¡r important surviva] mechanism for
arq¡ f ish living in such c j-rcu¡:rstan.ces 

"

Brorvn (lgSl) iras pointed. out that manJr fishes have

been claimed. to breatl: air on insufficient evid.ence and

that in nar:y instances air breathlng has been ascribed.

on the basis of biol-ogical rather than physiol_ogical

evidence" Nevertheress Bro¡¡,¡n (lgsl) aoes accept that
non-ph¡rsiological evld.ence may be convincing" I consider
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that the observatiorrs r have clescrÍbed. here are strongly
indicative of aerial respiration on the part of Co eremius

Furihermore as Bro-vrm (lgsl) states, accessory air
breathing organs üa¡r s""o" in al-most any part o f the
alimentary canal or in the gil1 chamber, but that the use

of gills the¡rsel-ves for aeriar respiration is rareo r
have examined the Ínternar vuall-s of opercular chambers

of living c. __eJe_mius and have not noted argr panticu]ar
vascularization of the epithelium. This suggests that
the opercr,rlar chambers can be d.isregarded. as accessory
air-breathing orgari.s in t his instance o

Aeriar respiration neverih.er-ess appears to be a

possibÌ¡i significant aspect of the biology of C. enernlus

and. onc which is clearì_¡r worür¡i of more detailed. investi_
gation.
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Range of Occupation and. Relative Abu.nd-ance of C. eremj-us

atong the strepn at Tr/obna Sprirr.g (locality ,5) , over the

period. l,farch 1968 to iÍay 19V1 "

Data for ?-2"f.II.68 26"VIT.6B inclusive a:rd-

1"III"71 71 "V"71 incl-usivç based. on sightings only"
Remaind-er based. on trappings ( see Append-ix F ) and

sightings " The values âbove the l-ine for each respective
d-ate i-nd.icates the total mr¡ober of fish trapped- at the
particular stations, those below the number of males and-

females respectively, thaü t, 111 = a total of 10 fish
coroprising / males , J f emales; where the total mmber
(above) exceeds the combined- sex val-ues (beneath) tnis
is d.ue to one or more immatr.:re fish being trapped- and-

which coul-d. not be sexed."

rilthough a trap was reguì-arly set at station '1 , it
invariably sank d.eeply into the soft bed. present at
that point so that it became ineffective. Hence, visual
sightings vrere the only reliabl-e guiCe to the presence
and. abund.ance or the absence of fish at that station.

[he X narked. along the line for each respective
d-ate ind-icates the station at which maximu¡r number of
fish were trappeC- on these particular d-ates.

Distance and- positions of the various stations
al-ong the Y,Iobna Spring (locality 1r) stream are given
in Âppend.ix

61





Table Sî

iVater Flow Rates, Wobna Spring (locaiity t5)
Flow rates record-ed- at d-ifferent sections along

the stream at lMobna Spring on '1O"VI.70" They

'!ïere d.etermi ned. from the mean value of six read-ings

of the time a weighted- phial- took to be carried.

along a d.isiance of 4 metres at each section"



labl-e 5S

Station 1" Spring head- pool (at
sid-e opposite fl-ow exít)"
Statíon 2. (rlrn, 2m either sid.e).

Station ]" (rlrn, 4m upstream of
Station l).
hfid.way between Stations t-+"
Mid.way between Stations 4-5 

"

Station ). (nrl, 2m either side) "

Sùation 6. (rur¡ 2m either síd-e) "

Station /" (r,tn, 4m upstream of
Station /).
Station B" (nrtr, 2m either sid.e).

Station 9" (run, 2m either side).
Station 10" (rurr, 4m d-oi¡mstream)

Station 1'1. (run, 2m either sid.e)

Sid.e pool ad-jacent Station 10.

Section of Stream

o "12

o "70

0.66

o.45

o "tg
o.56

0.46

o "42

o"16

o "ta
o.56

o

o

Yfater tr'low
metres / seo -



Figure l8

Equipment empJ oycd- to stud.y orientation in

a water current.



6RAnN ?r îiP.

ßÀc,ÉwAy mÉ,9Þ covÉRÉ9 vEltf

,/,

:b, -'.. :--!-

SÞ. Sf-a'
-- iúÊ-Tt -.

,



Table 5b

R.esponse by C " eremius to a curuent of water

flowing in a raceway"

Ind.icates subject is facing or
swimming in a clockwise d-irection"

fnd-icates subject is faci_ng or
swimming in an anticlockwise
d-irection.
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Table 51

Total scores in each of five one hour lor€ trials
recording the presence or absence of blind-ed- and.

non-blind-ed. C " eremius u¡rd-er illumination or in
d-arkness in a half masked tank. Scores mad-e every

five minutes" Five fish in each group"



Tab1e 5 J

Total number of rrpresencesrr record_ed_
over a one hour period. scoring
every five ninutes"

Vision-intact groul
fn d.arknes

+7

52
61

,8
61

279

85.9%

I
2

v
+

5

Trial

Totals

,.vrtr "71
5.yrrr "71
6.Vrrt "71
1O.Vrrï " 70
'1O "VIrr " 70

Date record-ed.

Percentages I
t
I

44"6%

1+5

v9
4+

7'
14
1t

In light

55 "+%

180

26

21

1o

51

52

In d-arl<ness
'rBlind.ed.rrgroup

1+ "1%

46

18

11
4
n

4

In lighü



Table 58

Responses to water flow by 5 blínded a"rrd- 5

vision--intact C" erçmiu.q subjects.

Trials conducted 15"VfI"71 "

-

Ind-icates subject is facing, either
stationary or swi-mming, in a cl-ock-
wise d.i.rection"

(- ind.icates sub ject is facÍng,
stationary or swiinmi4g, in an
anti-cl-ockwise d.irecti-on.

either
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Figure 19

Equipment employed- to stud-y response to an

artifi-cial stream.

Figure 2O

Pattern in v¡hich traps were set in pool rr-A.rr

at Johnson's lTo " 1 Bore (locality 2+).
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Figure Zl

Equipment employed- to stud.y role of vi_sion

in feed-ing"

Figure 2Z

Equipment employed- to stud-y role of
olfaction/gustation in feed-ing.

Figure 23

Equipment employed to stud.y surface feeding.
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16.vi.71

17 .vi.7l

18.vi.71

19.vi.71

lria1
Date

day
(
(
(

LOSO^L270 hours

LOSO-L230 hours

night
(
(
(

2045-2245 hours

2045-2245 hours

Duration of
expt.

14.5

LL.4

L2.5

L2.7

ltrater
Tenooc'

20

20

20

20

o. o
consumed- at
end. of

Tabl-e 59

l[umbers of tubif ex consumed-, out of a total of 20 ,

by 10 C" eremius d.uring equal period.s of time at

night and- in the day.

ex

2 hour
i-od.. :



Table $O

Number of live tubifex consumed. out of a total of 20

by 10 C . eïemt_us (a) und-er il-h:¡rination, (b) in
Carkness, d-uring a 2 hour period by I C" eremius,

Some subjects used- for all trial_s"
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L4 . iv .69

f .i-v.69

26.iii.69

17. ii_i.69

rr. aaf. by

6.j-i;.69

27.ii.69

25.íi.69

Trial
Date

CO}TSUMED

A
B
c
D

A
B
c
D

A
B
C

D

A
B
C
D

A
B
(1

D

A
B
C
D

A
B
C

D

i,
B
C

D

Group

308

20
20

20
20

20
20

L2
20

20
20

18
20

18
20

20
20

No. of tubifex consumed
at end- of 2 hour period

Und.er
ï]-lunination

309

20
20

20
20

20
20

20
20

T5
19

I9
20

20
20

16
20

rabLe b0



Table 6l

Ni:mber of (a) Live (b) d-ead trrbi fex eonq'med out

of a total of 20 in each instance, under '

ilh¡mination, d-uring a two hour period-, by B

C. eremius.

Same subjects used- for all trials.



TOT4.I NOIS CO}TSUÞF,}D 285

ZL.-d "$9

'l .v "69

5.-tI "69

I .V. 69

29 ,rv " 59

I
I

I

Ã
Br
D

23 .IV .69

2L "IY ,69

TrÍal-
Date Group

L7 "trV "69
B
l1

D

A
B
C

D

A
B
t'l

D

A
B
C

D

A
B
rt

D

A
B
r'1

D

A
B
^
D

20
10

20
20

20
20

L9
r9

L5
L7

20
20

20
r6

L3
18

504

L7
L2

20
20

20
20

20
20

20
20

L9'to

1g
19

Toþle bl



Table bZ

Number of tubífex consumed. out of a total of 20

presented to each of several Pairs of C. eremius

for a period. of 2 hours; two pairs presented-

with a l-ive tubifex r¡:rd-er il-l-rmination wLrilst

other two pairs presented- with d-ead- tubifex in
d.arlaress.



Table bZ

Iria]-

1

¿

1

+

Total- no's tubifex
consuJned. 121

19 .xrr "69

22.xrr "69

5O "Xrr "69

7 "r,70

Date

A
B
c
D

A
B
c
D

A
B
C
D

A
B

D

Pair

12
20

I
19

18
12

12
20

live tubifex
and.

illuminated

No. of tubifex consumed-

1t2

20
16

1
1

7t
18
20

17
11

Ðead- tubifex
and.

d-arkness



No. of tubif ex cortsumed. at end. of
two hour period-.

rabl-e 63

Nr:mber of live tubifex consumed- out of a total

of 20, in d.arkness ' during a 2 hour period- by

( a) 10 9. ere¡lius with ventral fins Íntact t

(b) 10 C" eremius with ventral fins removed-.

1"fv.7o
1t "fr .7o

16"r\I "70

lrial
Date

2

20

20

Group devoid. of
ventral fins

1+

20

20

Group with intact
ventral fins



rable b+

Responses by C" eremius to

macerate i-mpregnated. swab,

control- swab.

(a) tubifex
(¡ ) neutral-



Tsþte 5+

Total Nors approaches
and. biting moti-ons

a

b

I
I

1

t

l
I

45
25 "v.7O 4

I

22.t.7O

14 "v.7o 1

21 .v.7O 2

Tri-al-
Ðate

3

Subject

a

b

a

b

a

b

+3

8

Trj-a]-

1 9 1

27

1 6

24

20

No.
aBproaches

Prepared. Swab

60 107

5

0

28

5

1 1

0

I
5

No,
Biting
motions

21

2

5

2

7

1

60

9

No.
approaches

Control Swab

1

0

0

o

0

0

o

I

0

No.
Biting
motions



Figure Z+

Equ-ipment employed. to compare response to

light and- d-arkness"



lanot lamp

r¡asL

PersPex tank.



Tab1e 6l

Lí$nt /d,ark preference by C. er 1-1S. Ten subjects

per triaI. Different subjects for each pair of

tirals " Each trj-al of one hour d-uration" Scoríng

every five minutes. fn second trial of each pair,
same subjects but l-ight/d-ark sections reversed- to

opposite end-s of tank.



Table 65

o/-

Total

1a

1b

2a
2b

Ja
1r
4a
4b

5a

5b
6a

6b

TriaI

1"V "7O
1 .V.7O
2 "V "7O
2.V "7O
2 "V .7O

2.V "?O
12"\I "70
12 "V "7O
1+ "V "7O
14 "V .7O

15 "Y .7o
1r.v "70

Date
record-ed

26 "'
t82

29

+9

)¿
1B

1B

t+
16

t2
40

2'
51

t8

In open und-er
il-lurnination

Tota] scores C. eremius present

71.5

10rB

91

71

8B

102
102

86

10+
8B

BO

95
69

B2

Und.er cover in
d-arkness



Tâble 6Ô

Backgrorrnd- colour preference by C" eremius. Some

ten subjects for both trial-s. Each trial of 2

hours d-uration. Scoring numbers prbsent every

five minutes. fn second trial- background-s

reversed- to opposite end-s of tank.



Tabl-e ó6

%

Total

1

I

Trial-

2 "rv "7o

2.rv.7o

Date
record.ed-

41"5

209

102

107

Over
yellow

Total scores C. eremius present
per trì-al-

+.2

20

7

17

Over
bord.er

52 "t

251

151

120

Over
black



Tab1e b7

Background- texture preference by C. qr-ç4al¿E"

Same five subjects all trials" Each trial of

one hour di¡ratíon. Scoring every five minutes"

Position of the d-ifferent terbured- bed-s (}ply

wood.) reversed. after each triaL"



Tabl-e 6'1

%

Total-

I
2

t
+

5

Trial

to.vrrr.71
JO.VII,I "71
70 "VfrT.71
t1 .YIII "71
t1 .VILI.71

Date
record.ed.

11"e

+5

5

2

26

12

o

Over coulse
texture,{ bed.

86,?_

28O

60
6t
t9
5t
65

Over s¡qooth
textu¡ed. bed-



TabLe 68

Background ¡nedium preference by C, eremius sandt

versus silt" Same ten subjects per trial. Each

trial of one hour di;ration" Scoring numbers

present every five minutes. Il1 second. trial
backgrounds reversed- to opposite ends of tank.



rable ô8

%

Total

1

2

frial

27 "rr "7O
27 "TT "7O

Date
record.ed.

t5 "7

9t

42

51

Over course
textured. light
coloured. sand-

Total scores C. eremius present
per trial

1.6

+

2

¿

Over
bord.er

62"7

163

B6

77

Over fine
textured.
d.ark coloured.
silt



1a
'1b

2a

TriaI

26 "rr "7O
26 "rr "70
4. rrr . 70

Date
record ed.

1o
+6

7

Tn open

Total- scores C. eremius present

78 "7

to7

100

84
121

Total
Anongst Algae

19 .5 I
t
I
:

19.2

15+

+,
19
,2t'

Beneath

,7
!1,

51

15'

Atop

Total B1

70 21.1

Table 67

Algae preference by C. eremiJrs. Ten subjects per

trial-. Different subjects for each pair of trials.
Each trial- of one hour d.urati-on" Scoring every

five minutes. fn second. trial of each pair, sane

subjects but vegetated- section reversed to opposite

end. of tank.



[ab]-e 1O

Times taken for C. erernius pigmentation to respond.

cryptically to changes in background. colou:e"

Employing sane 14 subjects first t\Mo tríal-s. Fewer

subjects final tv¡o trial-s (d.ue to d.eaths) but sarne

batch.



1 7 .Vrr "71

+ 10 .Vrr.71

21 "O , 2B.O )15"O, 8"5,
8"5, 20.A,
9.0, 16 "5 ,10"5, 8"O,
4,1,, 7"5,
6"5, 

'.5

Table TO

Transferring from
Black to l,Thite
Background. 

"

11.7

Transferring from
Y/hite üo Bl-ack
Backgrorrnd. "

2"O-29.
secs

i n"rr*" of
i IêSpOoSê

time

Mean
response
tine

7
+
q
aL

t
7

0
o
o
5
5
5

tr

t
+
1
7t

o
,
o
t)

0
tr

?

I
,
,
7

)

)

,
)

,1 9 "Vir "71

2 8,VtI "71

Time taken
for each
subject to
respond-
( second-s )

Trial- Date

lçlr

t "o-28 "o
SEC S

4.7

l'{ea-n-
response
tine

5
+
t
9
6
I

0
ã
tr

o
o
tr

7
a
7
6
6

,
aì

)

)
t
,

I
t
,
)

)

3.o,, 4"5,
7"O, 7.O,
11"O , 1,O ,
1"O, 1"O,
3"5, J2.O,
4"O, 6.O,
2.O , 29 .O

5"6

8.6

Time taken
for each
subject to
respond.
( s ec ond.s )

seconds )

[,lean
respons
time

a7ac) 7,i



[ab1e I I

[ines taken for piSnentation in b]-ind- and- ¡rision-

intact C. eremius to respond- cr5>tica11y to change

i-n background. colour. Enploying five blind. subjects

arrd. five vision intact subjects.



1

¿

îrial

Response
( secs )

1t "vrt "71

1+ "Vrr "71

Date

q,o

9
+
7

0
q

o

, 5
+

o 7

, o,

Time taken
to respond-
by vision-
intact
subjects
( second-s )

Transferuing from
Bl-ack to Ïtlhite
background.

10.2

I
+
6

1 .o
o,
tr

, 22.O 
1

7.5,

Time taken
to respond-
by blind-
subjects

( second-s )

6"7

6"o t
6" O,
,.5 "

B. O,
B"o'

Ti-me taken
to respond-
by vision-
intact
subjects
( second-s )

Transfeming from
White to Black
background..

Time taken
to respond.
by bJ-ind.
subj ects

( second-s )

ar]-

Tabl-e 11

16.5, 21
27 .O, 22
B. O.

18.9

n.vt
o,



tr'igure 25

Setting traps in pooJ- at Johnson's No" 7

Bore (locality 2+) 
"





Table 72

Results of Trappings cond.ucted- at Johnsons No. 7

Bore (1ocality 24) large pool, Series 'lA - 44.



t
I

Date Day or
night
settings

4A

Nr¡mbers Trapped.
:[otal
Count

o/i of
f rst
trappings
in each
se¡ies

+7v

67

115

100

14.1

66.1

Se::íes

1A 20-21 "xrI.68 Nisht New

21 . xrr .68

21-22"xtI " 68 Night New

Night Eírst /+

Day

1-2,IV,69 Night Einst /+

4 "v .69

4-5 "V " 69 Night

5 "V ,69

5-6 " V. 69 Nisht FÍrst

21-2+ "xr . 69 Night

26,xr.69

tr.irst27 "Xr.69 Night

Day

2L

7t Day B

FulIB

BDay

B

tr'uI1

Day

B

B

B

B

B

B

I

4

+

No.
of
hrs.
set

Phase
of

Moon"

Setting
hours

7 .rrl "69
1 ,rv .69

1 . rv.69

2000 hrs"
to 0400
hrs.
0900 hrs.
üo 17OO
hrs.
2OO0 hrs.
to 0400
hrs.

19OO hrs.
to OSOO
hrs.
0700 hrs"
to lrOO
hrs.
19OO hrs.
to O1OO
hrs.

OBOO hrs"
to 1600
hrs.
20OO hrs"
to O40O
hrs "
0B0O hrs.
to 1600
hrs.
2OO0 hrs.
to O4OO
hrs.

2O0O hrs.
to 0400
hrs 

"
OB0O hrs.
to 12OO
hrs.
2000 hrs.
to 2400
hrs.

53+

119

+17

19o

179

9a

9o

,100

28 "7

55.6

'100

+5 "6

tv.t

21"7

B2

158

158 100

'100

Table 72



Table 13

ResuLts of Trappings cond.ucted. at Joh¡rsons No. J

Bore (locality 27) Iarge pool, Series 5Á. and. 6A..



Conbined. Total-s Day /xient %

No"
of
hrs "
set

Phase of i\{oon and,
Cloud- Cond-itions

ôð

Date Day oï
night
settings

Setting
hou.rs

?9 Total-
ðð 99

Both
Sexes

Series

ð3 99
Both
Sexes

0800
hrs.
to

1600
hrs.

B v6
t+5

41
t2

1t.vr.7o
1+ "\1L701' "Vr.7O16.Vr.7O

Day
il
1t

il

46
6g
7t
51

B5 154 219 '100 100 '100

Night

il

il

il
2000
hrs "to
0400
hrs "

8

?_+

11

10
24
2¿
19

?_t
24

1'

21

17
12

60
,6
26

45

VI
VI

a

9
7o
7o

19-20 " vr.70

20*21.V].70

1 B-
17-1

1 B2 105 187 96 "6

,4.

69.2

I

FuLl (no cloud. cover)
tr'ul-I (9O-loo% cl-oud,
cover until 2+OO hrs")
Full (1OO?"" cloud. cover
throughout most of
settigS period)
Fut] (no cloud. cover)

last /+ rísing OIOO hrs.
(no cl-oud. cover)
last /u rising O1VO hrs.
(no cl-oud. cover)
I-,ast /+ rlsíng 0/+OO hrs.
New

47

+,
Lt7
4+

66

B6

77
52

11?)

1's1

124
96

187 ?81

Nisht
lt

il

fr

2000
hrs.
to

o400
hrs 

"

Lt6+

2r-26.Vrrr " 7C

26-?.7. Vrrf " 7C

27*2B"VIïr.7C
28-29 "Vrrr.7C

61 .6 66 "g

B 7o
t1
+7
B9

125
77

107
1+7

19'
'108
114
216

Ðay
1t

il
ll

o800
hrs 

"to
1 1600

217

6A

691

77 "z

100 100

Numbers Tra ed.

79 "5

10 "vrrr "70
11 .yrrr.7o
1 .rx.7o
2 ,rx "7o

+56 '100

Tablc, -I3



Tabl-e

Results of trappings conducted- at Johnson's No" 7

Bore (Iocality 2+), in small pool, series 1B - tB"

-rî



TabIe '71

1B

2r-2+.Xr . 69

2+"xt "69

2B

1B

Seriôê Date

20-21.Xrr.68
2'1 .Xrr"68
21 -22 " Xrr " 68

29-30 " x. 68

10 "X.68
to-11 " 

x.68

night
day

night
day
night

night
day
night

Day or
night
settings

2O1O ]nrs to O+1O hrs
OBTO hrs to 1670 hrs

2OOO hrs to 04OO hrs
O9OO hrs to 17OO hrs
2O0O hrs to O4OO hrs

191O hrs to O55O hrs
OS1O hrs to 18jO hrs
1970 lnrs to O57O hrs

Setting
hou-rs



Table -T 5

Results of trappings cond.ucted_ at Johnson's No" l
Bore (1ocality 27) srnal-l- pool-, Series 48*



Table 7î
No. of Numbers DaylNisht %

tra
dd

l+o 11 71

+ )q 27 ,2 121 B7 210 96 "8 50. B 70.5

Series Date ay or
tht

setting

liight

No.
of
hrs.
set

Phase
of
moon
and.
cl-oud-
cover

Full
(no
cloud-
cover)

traps
per
setti

Combined-
total-s

4B

1+.Vr ,7O

1' "\Tr "74

16.Vr_.',7o

17-1B.Vr
7o

18-19 "-[l
7o

2OOOhrs
to

O40Ohrs
B

il FuIl
(go-
100%
cloud
cover
until-
2+OO
hrs

19-20.Vr
7o

FulI
(oa/"
:1:.:*

Total- dd 9? Total

Setting
hours ,I-al.I

ç9
g__-
Total- dd ç9

,B

17

12

89

,2

Vo

1+7

89

62

171 298 100 100 '100Day

OBOOhrs
'bo

1 6OOhrs

lt

il il

8

il

il

4

il 127

il

5B 2q 87



Table 1b

Total night trapping corrnts at johnson's No. J

Bore (tocality 24) according to l-unar phases.

Data from table



-,îabl-e ,Þ

20-21 "Xrr.68
21-22"Xrr " 58

t1 "rrr "69-1 "rV "69
1-2.rv.69
+-, "v .69

5-6 "v .69
2t-2+ "Xr . 69

17-18"vr " 70
1B-19 "xr "70
19-20 "vt "7O
20-21.Vr.70
2r-26"Vrrr,70
26-27 "Vfrr.70
27-2B.Vrrr.70
28-29.Vrrr.70

Trapping Date

59+.o 11o "2 116.O

I',lean trapping corrnt
combined. quarter
hases 121"9

lúean trapping courrt New l/loon
and. quarter phases co¡tbj-ned-

177 "o

+77

71'

New l,tcon

lrrnar Phase

tt+
119

82

60

56

11t
1V1

12+

96

'1st Qtr. last Qtr.

87 "7

190

9o

26
+5

FuI1

Mean Count



Table 71

Total overnight t-rapping counts at ].I/obna Spring
(Iocality 15) accord,ing to lunar phases. Data
from Append-ix"



|lab]e 77

tr/lean trapping
Count

,1 . IX. 68
15 "Xr.68
1g "xrr.68
2+.t "69
2+ "rr .69

to.lI'r.69
70.IV,69
25 "VT "69
1t "xr.69
22 "rr "7O
11.fV .7O

11 .Vt "7O
22.Vr "7O
to "v]'.7o
21.VrrI.7O
27.\X"7O
31 "X"74
25,XT "7O

209

t¿
9t
,o

228
19+

42'

111
111

14

[rapping Date New Moon

151 .O 1r+.8 125.2

Mean trapping count
combined. quarter
hases'14O.O

N1ean trapping count New l\/loon and-

Quarter phases combined. 1+1.7

lst Qtr.

129
208

1+5

6+

BO

Last Qtr.

10, "o

89

118

102

Full- Moor:



Grapln /l

Total m-¡mbers of C " eremíus trapped_ at
Johnson's No" V Bore (1ocality 2+) and.

Vùobna Spring (local-ity t5) on d_ifferent

occasions between Septenber '1968 and.

June '1969 
"
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Graph 28

[ota1 mrmbers of C, eremius t rapped- at

Johnson's No. J Bore (locality t5), Nunn's

Bore (Iocality 27) and- trTobna Spring

(locality t5) on d-ifferent occasions

between November 1969 and- May 1971.
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Graph Z?

Estimated- trappi-ng rates of C " erenriu-s at

Johnsonrs No" ] Bore (loca1ity 2+), Nunnf s

Bore (local-ity 27) and. T[obna Spring

(locality tr) on different occasions

throughout a h¡rpotheti-cal year
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Ð( DISCUSSTON

on the availabre d.ata the fish appears to be one

speeies, 9. gegi'*\Lq., throughout its known range, because

an examination of specimens from al_1 known populations

has failed. to establish any eonsistent morphological

d.ifferences between them. Further, the specles, as

lndicated. in section rï1, is extr.emely wid-espread in
central Austral-ia r,i¡ithin the Lake Eyre drainage systemo

IIow has the fish managed_ to ¡naintain ltself,
apparently as a single species, particularly as the aquatic
environment of the central Austral_ian region is fragmented.,

with populations restricted. to scattered. artesian springs
and. bores and. occasionar meteoric water masses? Funthermone,

what mechani-sms enabl-e the fish to occur, elther. permanentry

or transieni;fy, vrÍthin practicarly every type of waten mass

within its range of d.istribution?; including pools and.

streams associated- with either artesian sprlngs or bores
of wid.ely nanging salinity and- ionic conposition, water
holes and. ma¡.-mad.e reser,voirs containing meteoric water of
reLativeJ-y lovi saiinlty (tnou.gh prone to increasing
salinity du-r.1ng period.s of l_ow rainfall and. high
evaporation) and- the ephemer-aI vraters of normaily dry
rivers and. cneeks; al-l- of which are subject to frequent
and. so¡ietj-mes extreme changes of sal-inity¡ temperature

and. probabl-y dissol_ved oxygen levels"
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lhe mor.phoLogy of the species 1s tSrpical of f,ish
ad.apted. to a d.emersar habitat Ín a flowing stream (such

as 1s found. associated. with artesian springs and. bores)

with a partÌy d.orso-ventrally compressed. a.nd. strearnl_1ned

bod.y and. ventral fins united. to form a vuel-l d.eveloped. and.,

as demonstrated. (see p.l08 ), func-bional suction d.isc

which could. assist in preventing it belng swept d.ovrn stream,

E*ren if not normally used. in thls way by those fish
inhabiting some of the more slowly flowlng artesian waters

or stationary water masses (ron example, waten holes) trre

suction d.isc will- be useful- in a fluctuating environ¡lent

in which changes in fl-oru nates can be extreme, over l_ong

or short periods of timeo For exanple, the outfl-ow at
vÏobna Spring (localitV 35) periodically increases

dramaticalJ-y so that the normarly gently flowing stream

becomes a virtuaL toruent for a shor-t time. lvlthout the

benefit of the ventral- suction d.isc it is probable that
under sueh stness much of the population rvourd be swept

ariray" ClearfJ¡ sinll-an mechanical- stresses can al_so arise
in flood. waters"

The ability of C. gg,qiw, to inhabit wid.el-y varyir¡g

and. fl-uetuating envlrorunents may be explained, in part"

by its extr,eme physiological- lability as eviiLent by the

wide range of physicai- environ¡nental_ cond.itions (water

temperature, pH, sali-nity, d.issol-ved. oxygen l-evel-s) und_er
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which it is known to occura and- in v/hich it can survive
und.er experimenta] cond.itions (see section vï). rhus,
in the field. the fish has been taken in waters v¡hose

salinities vary from 2O5 to 1Z.5OO pop.r1l. and in the
}aboratony it has tolerated. for a period_ of up to 27

days direct immersion in d.istir-led. vrater, and. prolonged_

period-s in salinitles as low as 147 poporn" and. as high
as 371580 popon. nespectively" Al-though not necessarily
true indicatons of the d.egree of tol-enance in the fiel_d.

these experiments d.emonstrate the potential capaeity of
the species to su::vive, at l-east temporarily¡ extreme

salinÍty l-evel-s wel-l- beyond. ürose from whieh it has been

recorded_ in the f lel_d.

similanl-y the species has been forrncl in waters with
a wid.e range of temperaturee having been taken 1n the
fiel-d. during winter from i,r¡ater at 9"ooc and. in summer in
waten u.p to 4OoC (see ,.18 ) " In ad.d.ition it can

tolenate temperatures d.own to at l_east 7 "DoC f or some

time and. for short period.s it has been observed. to enter.

water in excess or 4ooc without apparent harnful effeet"
rn respect of d.i-ssolved. oxygen levels the d.ata are

limited." Ne.¡ertheless fish have been obser.ved. ir:Trabiting
waters wlth r-ecord.ed. oxygen levefs as low as o.B popono

However. the infruenee of these l_evels and- fluctuations
of the environ¡rent may not be as r.eal âs &¡r field.
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measuréments night suggest as the fish appear to be ab]e
to take compensating actions und.er cond.itions of
panticular stress" The fish have been found to take

advantage of natu:¡al ther"rnal refuges present in their.
environment, partieularty in summer months v,¡hen sections
of so&e water masses heat to rethaL levels (see p" 6l );
it has al-so been established that the species accJimates

to seasonal changes in temperature and. to environmental

thermal graclients and. in the laboratory it acclimates

rapid.ly to large and_ sudd_en increases in v,¡ater

temperature (see pp" 68 -JO ) " Und.er conditlons of
presumed low d.issolved. oxygen tension the fish has been

observed to lie out of r¡vater apparentry survivlng by
aerial- respiration (see p" lf3).

However, such behavioural eompei'isating responses

as seeking thernal refuges or resorting to aerial
respiration are ]ikely to be of value only in tlnes of
particular stress because of the wid.e renge of vr¡ater

temperatì.æese salinlties and. oxygen level_s v¡ithin which

it has been observed. on experirnentally established_ the
fish can survir¡e"

It appears, on the basis of trapping data, that the
overnid.ing faetor d.etermining the sections of an artesian
waterway preferrea by g . eremius is the anount of
aquatic vegetatlon present " certainl_y r have been unable
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to establ-ish any coruelation, other than exclusion,

between ihe abund.ance of C. gglg and. arqr of the
pïgrsical parameters measured..

Furtïrer., the species is omnivorous and. utalizes
as food. that flora and. fauna, narnely filamentous al_gae

(varlous species, but eommonly S¡ l_roEI¡ra sp.) which is
present in virtual-ly every artesian waterway in the Lake

Eyre drainage basin, a range of small animal_s whÍch

typ1cally irrtrabit such vt¡aters (lnsects¡ ostracods,

copepod.s) and, d-etritus. Thus there is no apparent

speci-ali-zatíon in d.iet or feed.lng habit to restrict the

flshis occurrence wlthln the inhabited. range.

It has been angued. that fl-ood-waters constitute the

major rrrray in which the fish 1s d-ispersed. (see p. 11 ).
If thls be so¡ as seems I ilcef¿1rr then the frequent and

extensive flood-ing of the central .austral-ian region woul_d.

probably assist movement and. exehanges of fish between

populations and- thus presumably ensure gerre. intenchange"

fn the 11ght of these obsenvations i'ü appears that
thene is no obvious fo.ctor (apart from possibly

topographical barriers restrlcting tire flou¡ of flood.vuaters)

to restriet the occurreÍLce of g" qrgm:!5 to any of the

scattered. v¿aters of the centnal- .Austral_ian region and.

that there i-s probably frequent movements between

populations. The occurrence of only one species over
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such. a Ì.7id.e area is therefoire und_erstand.able.

Any species occuruing wlthin such a vrid.e ra.nge of
physical enviror¡nental conditlons, i¡vhich. are subject to
viol-ent fluctuatlons on occasions, would. be expected- to
have speeial breed.ing fçatures to ensure a maximr:m chance

of survival. Althoughr âs pointed. out in section IV,

nothing has been observed. of actuar breed.ing behaviour,

the anal papilla present in both sexes d.oes suggest that
some form of pre-Ïratching parental ca?e at least rnay

posslbly operate" Usua.fly the young of fish with
rel-atively 1ow egg produetion, as in this case, have a

relatively high survival rate and. it has been shovrn that
j-n spite of the low numben of eggs prod.ueed. e" erqulgg is
able to build. up population numbers very rapid.ly as at

the Bl-anche Cup Spning (locality 36), (see p" 3O ).
The o.ther fisTr most twieally found- 1n association

tivith I . eremius or- irrLrab iting simll-ar waters in the

centrai Austral ian region are the equally e.uall_

craterocephalid-s v¡hich d.o not appear to pose a signlflcant
pred.atory threat" The primary pred.atory force seems

like]y to be aquatic biird.s, but this influence appears

to be red.ueed to a minlmum as a resuLi of the f ishts
strong negative phototactism (see p. ¡Z+) and a
preference to inl:.abit vegetation cover rather than open

water (see p. r21 ). fn adclition the fishis d.emonstrated.
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ability to rapid.ly change col-our to confor,m cr¡ptlcally
with its background. (see p"l3o ) und.oubted.ly enrrances its
ability to avoid. the attention of potential pred.ators"

Because, as has been shown, olfactory/gusiatory
senses are the primary neans by which the species locates
food. (see p"lZl) the fish is r.ead.ily able to feed. at night
as wel-I as in the da¡r¡ thus red_uclng its d.epend.ence on

daylight feeding and. possibly 1ts chances of exposlng

itsel-f unnecessariì-y to pred.ators" This abiLity to

locate food. by means of non-visual senses is al_so a

suitable ad.aptation to a fish which spends a consld.erable

amount of time under the cover of vegetation, in
partieular the filamentous algae whlch constitute par,t of
and harbours soüe of the animal components.of its d.iet.

thus C " eremius inhabits an enviror¡nent 1n v,h ich
sallnity, ionic composition, temperattrre and. possibLy

dissolved. oxygen may grade and. fluctuate napidly over a
wid.e range" It is cl-ear that the fish is .r¿vel-l- ad_apted.,

both physiological-ly and. behaviourily to aeelimate to
or survive¡ at Least temporarily, such stresses"

The speeies is ad.aptive and. opportunisti_e, features
which have ensured. its survival in waters subject to
extreme change and. have pnobably ensured. 1ts integrity
as a single sBecies.
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fn1and- water localities inspected. and. Fishes
taken therefrom during the period 1967-70"

The Geographical Co-ord.inates and. Grid
References are taken from the 1z25Or0OO
[opographic ]/Iaps Series R5O2, prepared.
by the Division of National Mapping and.
printed. by the Commonweal-th Government
Printer, Car.bema.

The term meteoric refers to surface
waters originating from rainfall.
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Append.ix Ð

Regi-stered. físh colLections in the South

Australian n[user¡m taken in the centra]-

Australia:r region between 1968 arrð' 1970"



Dal-housi-e Springs
(nnain Spring) '.VITI.684.VTII.68

5.VrrI.68
19.xr.69
19 .xr.69

,.VIII"68
4.VIrr.68

,.vrrr.68
26 "\II .69

4"Vrrr.68
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Neosifurus sp
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Craterocephalus stercusmuscarum
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Chlanyd.ogobius eremius
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9
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4
1
4
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2
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'i . vrIr.6g

6 BMount Sarah Dam 20. xr.69
4
1

7 69
69

XT
XI

15
15

t+9

FomestIs \ÀIaterhol-e
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I
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9
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ll
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4

1
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l,[ulligan Springs 2+.X,6962 51 ErrooCraterocephalus eyresii

28.X.6966 Que erbid.ie Tliat erhole Terapon welchí 6 F7477

trTaterhole, North-\[/est of
Moralana Station
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4.Vrr.70

15 Fr4BBCraùerocephalus fluviatifís

75 Finke River; near
Hermansburg Homestead-

12.T,fI.7O Cirlanyd.ogobius eremius 5 rtr50



Append-ix C

Some }/Iajor Flood-ing Errents in the Lake Eyre

basin region of central Austral-ia"

This d.ata has been obtaj-ned. primarily from

newspaper reports ("[he Ad.vertiser'r and. rrThe News",

published. in Ad-elaid-e). Other d-ata have been

obtained from the record-s of the South Austral-ian

Railways Department.

Tt is not a complete record- of fl-ood-ings but

it d-oes ind-icate the frequent and- extensive nature

of flood-waters characteristic of the region

concerned-.

Although rainfall gaugings are avail-able for
many places within the central Austral_ian region

it is d.ifficult to establish flood- cond_itions on

these al-one. ft was theref ore d_ecid_ed. that general

d-escriptj-ve reports offered- the best ind_ication of
flood- cond.itions.



Remarks'' lVIontL District Affected.
2

2

2-987891

lYear
189V-g+

1894-95

x898-99

1919 I anuary

Fobruary

Flood.ing alongsid.e railway line between
Cowaril Springs and. Oodnad.atta.

Flood.ing in all distrj-cts alongsid-e
railway l-ine between Port Augusta and.
Ood.nad.atta.

Flood.ing in al-l- d.i-stricts alongsid-e
railway l-ine between Port Augusta and.
Ood-nad.atta.

Ftood.ing in all d.istricts alongsid-e
railway line between Port Augusta and.
Ood-nad.atta.

Heavy rain in central Australia between
regiòn of Mamee and- north-west to Alice
Springs" tr'l-oods in vicinity of railway
line immed.iately south of lVfarree and.
between Strangways Springs and.
Ood.nad-atta.

Fu-rther heavy rain in north ancL central
Austral-ia. Flood.s north of Ood.nad.atta
d-isrupt train service to Alice Springs.
Many places includ.ing Ood"nad.atta and-
Alice Springs isolated.. Heavy raín
in south west Queensland.

Heavy rains in central Austral-ia.

Southbound. ürain from Alice Sprin
d-elayed- by flood.s.. In places
water 18 feet above brid.ges.
Extensive damage to railway line
between Marree and. Farina.
lflashaways at Ed.ward.s Cregk
between Ood.nad.atta and.. I[arree "Three trains marooned. at
Strangways Springs.

Most aerod.romes ralóng the Ad.e1aid
Darwín air route, includ.ing
Ood.nad.atta and. Alice SpÍings,
waterlogged.

Serious d.islocations .of transport
services in the far north of Sout
Ârro.l:¡a'l i a

2
\

1940 January



MonthYear
19+O

1')+6

1948

1949

District Affected.
February Al-ice Springs aerod.rome waterlogged-

February Alberga River in floorL, covering the
railway l-ine in the vicinity of
Ood-nad.atta to a d.epth of some feet.
Heavy raínfall and. flood"waters in
central Australia" Fl-ood.waters of
Finke River cover railway line south
of Alice Springs to a d.epth of 9 f eet.
Fl-ood-s at Peake Creek hold. up north-
bound. train to Al-ice Springs.
Diamantina River flooded-" T{eavy rains
in regi-on of Bird-sville, Cooper Creek
rising.

March

February Heavy rains cause Finke River to rise
and. Tod-d. River to flow"

March Torrential rains in north west New
South IIIales and- south west Queensland-,
Cooper Creek in flood-" Areas around.
Tibooburua and- Nappa Merrie flood-ed..
Creeks fl-ood.ed. and. traffic halted.
between Hawker and- Copley in South
Australia. Cooper Creek rising"

i\/lay Cooper Creek flood.waters ruming
fast across Bird-svi]Ie Track at
Kopperarnanna on approximately a 2
rnile front; flowing toward-s Lake
Kil-1aIpaninna.

Remarks

Aeruplanes unable to land.
at Alice Springs.

Trains from Port
Augusta to Alice Springs
d-elayed-.

Royal Flying Doctor
Service reports that
country around- Tibooburua
like an'inland- sea.
Reported. heaviest rain
since 'lBB9. Some stations
in flood.ed- area aband.oned-.



Year Month
1949

1960

1962

196'

June

January

March

District Affected.
Cooper Creek fÌowing toward-s Lake Eyre
west of Kopperananna.

Parts of far north-west of South
Australia fl-ood.ed- following heavy
rains 

"

IIeavy rains throughout central
Australia. Vast areas in central
Austral-ia flood.ed- incl-ud-ing Alice
Springs and- north west and. south west
of Alíce Springs, betr,veen Ood.nad-atta
and. Al-ice Springs a¡rd. between Marree
and. Bird.svil-Ie. Tod.d. and. Finke Rivers
in f l-ood..

Far north generally flood-ed." Heavy
rains around Lake Jyre. Bopechee
Creek flooded.. The Neales River
in flood." Creeks flood.ing across
the Bird-sville Track near l.flulka.

Remarks

imated- main channe of
Cooper Creek 2J feet
and- cunent flowing a
6 - B niles peî hour"

Extensive washaways along
the Port Augusta-ALice
Springs railway line,
incl-ud-j-ng [elford.,
Brachina and- Copley areas.
Line covered. for 15O
yard.s by 7 îeet of water
at 92V mi]-e mark between
Port Augusta and. leigh
Creek

Washaways on railway 1j-ne
north of the Finke .River
crossj-ng.

I
d-e
t

ep

May



Year

1961

Month

April

May

District Affected-

Heavy rains and. flooding between
Ood.nad-atta and- Alice Springs and.
Mamee and. Bird.sville " Extensive
areas of north east South Australia
fl-ood.ed. includ.ing Innamincka area"
99opg= Creek in floocl; front up to
60 mil-es wid.e.

Much of north east South Australia
flood.ed-. Cooper Creek in fl_ood. and.
approaching Kopperamanna" Fl_ood_s
between Leigh Creek and_ Marree, IVlarree
and- IViuloorina Homestead and. Mamee and_
Ood.nadatta. Bopechee , Iynd.hurst ,Beltana and Balcanoona areas flood.ed,"
Road. between Coober Pedy and. A1ice
Springs and- area north west ofIVillian Creek flooil,ed..

fnnamincka Homestead_
evacuated." Very heavy
rainfall- gaugings in some
areas reported_ on B"Iy"6j;
some stations in ùhe
southern pa.rt of the
ltiorthern Temitory in excess
of 600 points; some in the
area north of Ood.nad_atta upto IOO points, Macu-mba
Station J16 points, lliount
Sarah Station 2l) poi-nts.

tr'lood.waters of Diamantina
River about three days from
Lake Eyre. Train marooned.
at lVilliam Creek 1+.\ï"61.
Extensive flood.water d.amage
to railway line between
Maruee and. Ood_nad.aüta" At
Bopechee fl_ood.water up to
'1O feet above the line.
Some high rainfall gaugings
reported- 14.Y "61; Vrlillian
Creek )O0 points, Stuart
Creek ]BO points,
Curd.imurka'l0O points,
Farina JJI poi'nts,
Bal-canoona ]46 points.

Remarks



Month District Affected_Year

196,

1965

1966

1967

1968

July egion around Lake Eyre flood.ed_.rious floo d.ing generaÌly 1n the farh and. f ar north east.

August d-naclatta-lVlaree road. a¡rd_ leigh Creek
iver near
l-ine fl-ood ed.

íce Springs,

area fl_ood.ed_. Hamil-ton R
rl_bunga in fl_ood.. Rail
etween Ood_nad.atta and.

December

January

rd.svi-l-l-e Track fl_ood ed..

March

April Railway line fl_ood_ed_ between Maruee
and. Al-ice 'Springs. fsolated sheetflooding within '1OO mil_e rad.ius of
Al-ice Spríngs.

I{eavy rains and_ flood.ing in areas offar north west South Australia ald.at Al-ice Springs.

The Finke, Alberga and_ Neales Riverin flood-. Fleaviest flood.ing in theErnabella-Finke area.

F"3.ry rains and_ general flood.ing
between Port Augusta and. Al-ice Éprings.

Springs due to flood_waters.

Train held up north of
Bl-ood-s Creek (north of
Ood.nad.atta) 22.XIl "65d-ue to flood,waters.

Remarks

line cut in more

ïuav
Al-

ll

Ra.ilway
than 12
0od-nad.a

l-aces between
a and. Alice

p
tt

il JuJ-y RaiÌway l1ne cut ín 10places between port
Augusta and. Al-ice Springs"
Al-ice Springs rain
q?ygang reported Z+"VII"67 

1600 points.



Year

1969

lt

1971

t{eavy rainfal_ls and. isol-ated. floodingin the central Austrafian region in -
the far north and_ norbh west of South
Austral-ia and arouncl Alice Springs.
Railway line -flood.ed_ 25 niles soüthof el-ice Springs"

Heavy rai-nfal_ls in the central
Austral-ian region.

Districù Affected.

Heavy rainfall in the Marree area.

24 hour rainfalÌ gaugings
of more than 2OO points-
reported. at some places inthe central- /r-ustral-ian
region on 26"T.I"69.

24 hour rainfall gaugings
of 12O points reportèd. át
Mamee on 11 .III " 69.

Remarks

ll

January

X'ebruary

March

l\,[arch Heav¡r flood-ing in the far north east
of South ¿l,ustralj-a. Bird.sville,
fnnamincka and Pandie pand_ie areas
f1ood.ed " Cooper Creek fl-ood_ing neaï
Etad-unna. Strzlecki Creek causes
flood.ing between Leigh Creek and
Lake Gregory.

Month



.A.ppend.ix D

Description of wire mesh traps employed.

in trapping"

The form of trap is as il-l-ustrated. on the next page.

Dimensions as follows: frames 71.O x 1r"O x 1J.O cm;

end. apertures V"5 cm d-iameter; 26 gauge wire;

2 mm mesh.

liflren employed. at l*fobna Spring (tocality 75) each trap

was always baited. with JOgm of ca¡¡ed. beef and. lOSm

of 'Rye-Vitat crisp bread-, items which C" eremius was

observed- to eat in the laboratory and- which were

convenient for field u-se. Shortly after commencing

these trappings at t[Jobna Spring (locality 15) it was

found-, in comparative trappings mad-e at Johnson's

No. V Bore (locatity 24), that approximately the

same number of fish r¡rere trapped when bait was used-

as when it was not. Nevertheless i-t was d-ecided- to
continue using bait when trapping at V'fobna Spring

(locality t5) in ord.er to ensu-re that the d.ata

obtained. from all- the series of trappings r¡üere

comparative "

Bait was not enployed- in the other trappings

cond-ucted- at Johnson's lfo " 1 Bore (locatity 2+) and-

Nrrnn's Bore (1ocality 27) .





içpend.ix E

Physical and- non-physicaL d.ata and- trapping rates

record-ed- at 8 stations along the stream at Coward- Springs

Railway Bore (locality t4) on d-ifferent occasíons between

Ðecember 1967 and. January 1969"

The stations were l-ocated in nid.streaÌt at the

foll-owing d-istances from the bore head-: st. '1 , bore head.

pool; st. 2, 75m; st, 7, 55n; st. + ) 155m; st " 5, 22Om;

st. 61 29Om; st" 7, ¿tOOm; st. B, 455m"

trThere only a single tine (hours) is ind-icated. for a

record.ing session this ind,icates the time read.ings

commenced." fn some instances, two or three sets of times

are ind.icated- and. these refer to d.ifferent record.ing

sessions cond.ucted. on the sârne d.ate.

1" Absolute d.ens ./^2: Estimated- by quad.rant

neasurements (see p. +L ).
2" Relative d-ensity: Total number of fish trapped. in a

single trap (see Lppend.ix) set at each

station for '15 hoi.lrs overnight (approx,

17OO hor:rs - OSOO hours ) .



Date Rec

bott, t
Diff. sub-bed/

Tempe:ratur" oc hlater
pH

Absolut
dens . /m

2[¡]ate::
depth

cms.2.5cm
sub-
bed

9.Oem
sub-
bedBott,

2 ,Scm
sub-
bed

9,Ocm
sub-
bedSurf Mid,

Stn.
Tlme
rgc.

Amb,

Not
Te-

corded

Not
Te-

corded

I
5

+0
+0

-r.4
-0. 5

-1. I
-2,0

-3.5
-r. 5

2
4

-0
+0

-5.0
-4.3

-o 17
-7 .0

-4. B

-4. 5

Not
re-

coæded

30 .3
30,7

28,5
34.2

24,2
33.3

26.0
32,5

3r.0
3L.6

29.o
35.0

24,7
34.5

25.8
33.0

31. r
31. 9

27.6
34.5

22.9
32.5

22,3
3r. 5

30, I
32.0

24.0
30.7

34.0
27.5

2L "?,
28'"',

1

2

3

4

0900
1400

0 9I0
14r5

0920
L425

0935
1435

27.5
35,8

ed

Not
re-



2L I
Tempe:ratu:re oc

2.Scm
sub-
bed

Vrlater
depth

Cfl.

a

9, cm

su
tt

sub-
bed

Waten
pH

lAbsolu¡e
dens/m'Surf Mid. Bott.

2 5crn
sub-
bed

9,Ocm
sub-
bedStn.

Time
rgc.

Amb.

2

0

3 6,0
38.0
29.O
36"5
58.0
29.5
34,7
38.0
32.L
36.6
38,0
3r.0
36.2
3 8,0
30.1
36"r
37,9
30. r
37.0
37. 5
31.5

30.4,
31.0
3I
26
39
33

24
37
35
27
35

26
36
34

27
38

25
33
34

25
30
34

27
32

25
27
29
25
28
31

30
33

30..0
31.6
3r.5
25.8
29.9
34 "2
26 "L28.O
33. 5
26.0
27.0
3L.3

7.6

7.6

7,6

7.6

9.6

18

IO

9

B

10

0
+0.I
+0.6
-0.6
-8,3
+0.6
+0.9
-9. I
-1. 5

+0.2
-4 "5-0.9
+0.2
-2.8
-4.0
+0,2
-0. 5

-3. 9

-0. 3

-6. I
-0.7

0
+0,9
+0.3
-0,8
-5.1
+L.2
+0.3
-6.9
-0.2
+O.2
-4.1
+0;1
+0 ,1
-2.6
-2.8
+O.2
-0. 5

-3,4
-0 .3
-3; s
-0r3
-L.2
-7 r8
-0.4

.0

.4

.2

"6
.1
,8
.5

o

.8

.0
,4
.3
.6
.4
.2
.2
.0
,0

"6
.6
,2
.8
.0

30
32
31

26

25
32
34

25

30.0
3r.5
30.9
26,4
38,2
33.6
25.2
37.8
3 5.0
2 5.8
51.5
32.2
25,5
50 .0
32,O
25.O
33 .0
34.4
25.9
36. r
34,5
27,O
37.8
33. 9

3Ê.0
31.5
30.9
26,3
3 9.0
33,6
24.9
37,8
3 5.0
27.r
33,6
32.L
25.5
3r, 5

32.0
25.L
34.8
34.5
25.8
36. r
34.8
27.O
37,8
33,9

0

3
3
I
I
B

0

2
6
I
I
0
0
2
5
5

0

I
9

t
I
9

29.9

36,4
37.8

I

2

3

4

5

6

a

t

)

I

0725
1200
1800
0740
12l0
18r0
07 5s
I225
1820
0940
r345
r830
0830
13 50
r83 5
0845
1300
1_840

0905
15I5
r900
0915
1530
I850

23
23

I5

25
25

31a

7
7

9

6
6

2

4

30

25
30
53

.7

.2

.0

.2

.0

.5

.6
,0
.8
.0
.0
,7

25
27
28
25
28

32

25
34
32
25
37
34

9

2
26
29
32

-r.0
-8, I
-12.

7

g
33



S

bott. temp.

Stn.
Time
rec. -o*l: I :t"trl,

I I 2,5cnl 9.0cm | 2,scm
I Bott.l sub- I sub- I sub-
l- --'-'l-¡e¿^ -l¡ea -'tre'o ""

Míd.
9. Ucm
sub-
bed

h]aten
depth
cms.

Water
pH

I

2

0745
r600

0800
16r0

08I0
L620

0815
1630

0 830
1640

0840
1650

0840
1700

0900
170 s

25,L
37.0

25.9
35.0

27,O
35.1_

26,9
34.8

27 18
36. I

30.2
36.0

30 .3
35.9

29.7
31.0

22.L
33.1

21. 0
34.3

2L.4
30.0

22.5
30.0

22,0
3I.8

33.0
32 -o

24.O
29.6

30,0
31 .0

22.4
33.I

2

30 ,0
51,0

22.4
33.1

2I.0
34"0

2L.L
29.g

22.5
30.0

22,0
31. 5

22.7
32.0

24.O
29.6

30.0
31. 5

23.O
33. r
22,2
33,3

22,0
29.5

23,O
28,0

22.O
30. 5

23.5
3r. 3

22.9
30.4

30,0
3r.5

23.O
3r. I
24.0
30. 5

22.9
27 "9

23,5
27.0

22.5
28.O

24.L
30.5

22,5
29.8

0
+0. 5

+1.4
-r.3

+3 "0-3"5

+I. B

-2,o

+1.0
-3.0

-0. 5

-3, 5

7.50 20

10

I

7.6

7.6

7.7

rAbsolut
dens , /m

Not
:reco::ded

5+0 a

34.

21.I
30.0

22.5
30 .0

22,0
31, 5

22.7
32,0

24,0
29.6

+0. 6
0

+L.2
-0.7

+0,5
-2.o

0
-r.0

+I.1
+0. I

+I,5
+O.2

I

28.9
36. 6

3

4

5

6

7

I

0
2

I

+0
-0

9
4

3

7

3

77

t

+I .

9

2

I

9+0
-0 -0

I
7

4
3a



. Te4pç:re.ture oC
tBott.

Diff. sub-bed/

Stn. TÍme
rec. Amb. Sunf. Mid. BöTt.

2. 5cm
sub-
bed

9. Ocm
sub-
bed

2. 5crn
sub-
bed

9,Ocm
sub-
bed

hJaten
depth

cm.
[¡ùater

pH

lAbsolut
dens. /m

2

1000
1610

1015
L6Is

LO20
L620

1030
.1630

I040
1635

105s
1640

r105
1650

L110
1655

25.2
3r.7

27,0
32,6

27,0
32,5

27,0
32.5

27,0
32 "4

28, 5
5I..5

28.3
32,0

28,5
3L.5

29.g
29.g

24.4
25. 5

2r.5
25.9

l_9. 5
22,0

18,8
22.0

20,5
23,5

2L.O
23,5

22.o
23,6

29,9
29.g

24.4
25.5

2I. 5
25,9

L9.4
22.0

L8.7
2L,8

20. 5
23.7

2I.0
23.5

22,o
23,6

29,7
29.g

24.4
25,5

2L,0
25,8

19.4
22.0

18. 5
2I.5

20.5
23.7

20,9
23.5

22,o
23,6

30.0
30.0

23.0
26. 5

20.5
24.5

19.0
22,O

r8.0
20.6

19.0
2L.g

20,7
23.5

2r.0
23,5

30
31

+0
+0

-2
+0

3
I

+0
+0

5
0

2r.5
26.O

20.o
24.0

18.0
20,2

19" 0
2L.6

19. 6
23.3

19. 9
23,5

-0. 5
-r.5

a

-1. 5
-r, 8

-1.0
-1, B

-0. 9
-1.0

-r. 5
-2 "r

2L

L4

3

I

7

7.8

7.8

7,8

8.0

8.9

9.0

9.0

._8

.2

9
5

5

3

I
t

-1.3
-0.2

-I.4
+1.0

,4
0

5
9

2

10

2

I

Not

Recorded
-0

-0
-0

rB. 5
2L.O

-0
-t-

a

a

-2
-0

.2
0

0
I

-0

-1
-0



i

¿

J

4

5

6

7

I

Temperatuo" oC bot
sub-bed
temp.¿,

Diff

2"5cm
sub-
bed

$"Oen
sub-bed.

lnlater
depth

Ch.

ltlater
pH

I ! .68

2R"l"tiu"
Dens ity

Stn.
Time
rgc n Al4b- Su:lf 'Mid- Bott.

2.5cm
sub-
bed

9.Ocm
sub-
bed

1500 18. 5

I8"4

29.5

22.O

2L.8

L7*L

16. 5

19,0

18, 9

18.7

29.5

22.O

2L.B

17-l

16*4

J€,5

IB.9

18.7

29.6

22.0

2L,5

17.0

16, 1

L6.0

18. 9

L8,7

30.0

22,3

20.5

16"I

r5.0

I5, 5

r8. 5

18.4

30.0

2L,5

19.5

15.5

15.0

15.0

L7,5

lB,0

+0.4

+0.3

-1.0

-0.9

-T. I
-0. 5

-0 ,4

-0.3

+0.4

-0.5

-2.0

-1.5

-r. l_

-0"1

-L,4

-o,7

22

L2

2L

22

L7

30

I9

9

7,0

7,4

7.4

7.5

7.6

8.0

9,2

9.5

0

0

7

L4

25'

0

3

I
I

i

I
I

I

I

I

.;



29.v.68

Temperature oc Diff. sub-bed/
bott. ternÞ. ,

Stn.
Time
llgc. Anb Sur:f . Mid. Bott.

2, 5cm
sub-
bed

9.Oem
sub
bed

2. Scrn
sub-
bed

9.Ocm
sub-
bed

V'later
depth
cm

l¡laten
pH

2R"l"tÍu"
Dens ity

I
2

3

4

5

6

7

I

0715 13.9

13"5

13. g

29.5

19.9

18.1

ls,0

14,0

L2,9

13"5

L3 .3

29.5

19.5

L8,2

15.0

14.0

13.0

13. 5

13.3

29.5

19,3

LB.2

15.0

14.0

13 .0

13.5

13.3

29.8

r9.0

18.0

r5"0

L4.2

L3.4

13,0

13.5

30.0

L9.2

18.0

15.0

L4.2

13,7

L4,00

14"0

+0"3

-0.3

-0,2

0

+0.2

+0,4

+0.3

+O,2

+0.5

-0.1

-0 12

0

+o,2

+0"7

+0. 5

+0¡7

22

L2

2L

22

L7

30

19

9

7 4

I a

9 5

7.Q

7,4

7.5

7.6

0

29*

Not

Recorded



30 .vr. 68

Stn,
Time
llec,

Temperatuo" oc ttff" sub-bedr ¿

rott. temp ltrlater
depth
cms,

ldater
pH

2R"r"tirr"
Dens ity

Amb. Sunf 
"

Mid.. Bott.

2. 5cm
sub-
bed

9.Ocm
sub-
bed

2.5em
sub-
bed

9.Ocm
sub-
bed

0700
16Is

9,7
29.3

29.5
29.o

17,0
18.0

15,3

12 "o
13. 5

L2
L2

9
9

11,6
L2,8

1I.6
L2.7

10,5
12.77

29.4
29"0

17,0
19.0

15,4

L3.4
13, 5

L2
L2

I
9

6
I

lt_ 
"L2.

11, 6
L2,8

L0.5
L2 -9

29.o
29.3

L7,O
r8.0

15"4

13.4
13. B

L2,7
13 ,0

LL,7
].2.g

1r.7
L2.g

TO
13

5
4a

29.4
29.3

17. B

rB" 5

16,0

, 13"8
13.9

13, r
l3. r

L2 0
3l-3

12,5
13,3

12,o
3J.8

29.4
29.3

17. 5
18. I

16.0

14.0
14.1

L3.2
L3,2

13.0
13, 5

13,2
13. 5

13,0
14.0

+0.4
+0.3

+0
+0

,8
.5

+0.6

+0
+0

+0
+0

+0

a 4
L

4
I

3

a

a

+0.5

+0.8
+0 4

+1. 5
+0.4

+0
+0

+0
+0

+0

t 4
3

5
I

6

6
3

5
2

3
7

+0.
+0.

+0.
+0.

+I
+0

+1. 5
+0.6

+2.5
+0.6

22

I

T3

23

L7

I9

19

2L

7 0

7 2

7.2

7.0

7.O

7 I

9.4

10.0



20.îrT.68

Stn 
"

Tlme
rec.

Tempe::ature oC
Diff. sub-bed/
bott. temp. l¡later

depth
Cñr

[¡'laten
pH

2R"r"ai.r"
Density

Amb. Surf. Bott,

2.5cm
sub-
bed

9.Ocm
sub-
bed

2.5cm
sub-
bed

9.Ocm
sub-
bed

I
2

3

4

5

6

7

I

1530 2]-.0 29.5

20.0

18.6

L2.5

L2,0

16. B

L7,6

18,0

29 -5

20.0

r8.7

L2.4

11.0

16.8

L7,4

18.0

29.3

20.0

L7.5

l_I.0

10,5

16, 5

15, 5

L7.2

30.0

20.0

16.0

11,0

10. 5

14.0

13. 5

L4.g

30. r

19. I

16.0

11. o

LO.2

L5.5

13 ,0

14.0

+0,7

0

-1. 5

0

0

-2.5

-2.0

-2.3

+0. B

-0.2

-1. 5

0

-0. 3

-3ro

-2.5

-32

22

6

13

20

L7

22

2L

I

7.0

7.O

7.O

7.O

7.O

7,0

1o. o

11.0

0

0

I

0

0

5

I
0



3I.VTTT.58

Temperature oc
.Diff. sub-bed/
bott. temp.

Stn.
Time
rec, Amb, Surf * Mid. Bott.

2.5cm
sub-
bed

9.Ocm"
sub-
bed

.2.Sem.
sub-
bed

9,Ocm.
sub-
bed

hlater
depth

Cß.
Vrlater

pH

zRótative
dens ity

1

2

3

4

5

6

7

B

1540 18. 9 30"0

22,5

2L.O

15.6

16. 9

22,0

22.5

29.g

2L.0

14. 5

14.5

2L"g

22.2

29.g

22.7

r9.0

20 .0

13.5

21. g

L9,7

30.0

22.5

17. 5

12.O

13.0

L7.5

17 5s

30.2

21,0

16. 5

].'2.0

L2.O

16.0

I5",5

+0.1

-O.2

-1,5

-8,0

-0,.5

-4.4

-2 12

+0,3

-L,7

-2.5

-8.0

-1. 5

-5.9

-4,2

7,O

714

7.9

7.9

8,1

9.8

10 .0

27

5

13

I4

T2

L7

7

0

23

10

1

9

4

0

No water present - stream receded 19 meüre
towa¡rds bone head-



28, X, 68

lenperatune oc

Stn. Time
rec.

2. 5cm.
sub-
bed

9.Ocrn.
sub-
bedAmb. Surf. Mid, Bott.

Éqtbotü " 9mp.
2 . 5crn,
sub-
bed

9.Oem,
sub-
bed

[l,later
depth

Cf,t

Itlater
pH

2R"1"aiu"
Density

1508 37.O 30.4

31,0

31.8

27,0

27,5

30.4

31.0

30. 5

34.4

26,5

30,4

31, I
29.o

24.o

26.2

30.6

3r.4

25.0

2L.5

24.O

30.6

30 .0

22.0

20,5

23',o

+0.2

+0.3

-4,o

-2,5

-2.2

No water present - strearn receded.

+O.2

-0, r

-7,O

-3.5

-3,2

26

6

IO

t8

7

7 0

719

8.1

8.8

7.9

0

20

32'

30"

L2



15 . Xr. 68

Tempetature oC Diff. sub-béd/
b.ott. temp.

Stn.
Time
uec. Arnb. Surf. Mid, Bott.

2,Scm
Sub-
bed

9. Ocm.
Sub-
bed

2.Scm
Sub-
bed

9.Ocm.
Sub-
bed

hlater
depth

cm,

Vrlater
pH

2R"l"aiu"
dens ity

I
2

3

4

L445 28,9 30. 5

31. 5

29,6

22.O

30. 5

3I. 9

29,o

2I.0

5

32.O

8.0

2 3

51.0

29.5

22.3

2L,0

3I.0

26,5

22,o

r9.5

+0, 5

-2,5

-5.7

-1,3

+0. 5

-5,5

-6.0

-2.8

25

5

L4

t3

7.O

7.6

7.9

7,8

30 0

I
2

2

10

2

5

6

7

I

No wåter present - stream neceded 23 netnes towands bore head,



l-9 . xrI. 68.

Temperatuo" oC
Diff, sub-bed/
bott. temp.

Stn,
Time
rec. Amb Sú¡rf . Mid. Bott.

2 . 5cm.
Sub-
Bed

9.Ocm.
sub-
bed

2,Scm.
sub-
bed

9.Ocn.
sub-
bed

Vrlater
depth

crn.
Vrlater

pH

2R"lutiu.
Dens ity

1

2

3

4

5

6

7

I

t6r5 36.5 30 .1

30.4

3r,5

30,2 30.3 30.5

31. 5

30. 5

30. 5 +0.2

+0.7

-1.0

+o,2

-0.8

-3.0

27 7.O

30. 5

5

30.8 30 .0 5

I
7

B

,9

31, 31. 5 28.5 0

No wate:: present - st:ream receded 27 metres towards bore head, from
station 4.

0

I
20



tnS

1

. r.6
Diff. sub-bed/
bott. temp,Temperatune oC

lt/ater
depth

C[.
h/ater

pH,

2R"rutirr"
dens ity

Time
rec. Amb Surf. Mid, Bott.

I 2. Scm.
Sub-
bed

9.Oem.
Sub-
bed

2.Scrn.
sub-
bed

9.Ocm.
sub-
bed

No wate:r pnesent - stream receded to bore head Poo1,

30,7 31.0 31.030.7 30.6 +o,4 +0.430.6 28 0
(but fish

s ighted
in vieinity)

7.0

2

3

4

5

6

7

I



Å.ppend-ix F

Physical and- non-physical data and_ trapping rates
record-ed- at 13 stations along a¡rd. in a pool ad_jacent

the stream at lríobna Spring (locality t5) on d_ifferent

occasions between l,,tay 19OA and- November 1970.

The stations were l-ocated_ in mid_stream at the

fol-lowing dístances from the spring head.: st. 1, spring
head- pool (5n d-ian.); st" 21 1On; st. tr Zrm; st. +,5On;
st" 5, 65m; st" 6,9Om; st" 7, 125m; st. 8, l3|lmi

st. 9,200m; st. 10,26Om; st" 11,17On; st's" 1A and_ 13,

in ephemeral sid-e pool ad-jacent nain stream and. corrnecting

via vegetated. shallows "

The single ti¡ae (hor:rs) ind.icated- for each record.ing

session ind.icates the tine read-ings commenced.; these

usually tcok approxì-mately lO minutes to complete.

ltro sub-bed. tenperatures record.ed. at st, j d:ue to
rock bed-"

1 " vegetation (re1. abirnd. " ) : Estimate , on an arbitrary
scale of 0 - 5 of approximate area each

plant form covered. within an overall area

of approximatel_y 0.) square metre within
the stream at each station.

2" Rel-ative Ðensity: Total mrmber of fish trapped. in a

single trap (see Append_ix D ) set at each

staiion for 12 hours overnight (approx"

18OO hours - 0600 hours) "

5 " stand-ard- length (rn" ) : rncicating ranges (R) and. mea¡s

(i\[) of stand_ard- Iengths for each sex at each

station.



IÙeg"t"tiott
(Rel-.abundl

2R"lutiu"
Density

SStandard
Length (rnm)

elnt

69$ota

I

J ó I
M R

2,5cm
sub-
bed

Diff.
Sub-bed
bott . temp. pH

Hzo HI{OO
aeÉt¡
(cm)

Strm
width

(cm)
cyP ' AIgae

'1. R M

Time
t?ec.
comfn.

Bott.
Hzo

Stn

I r100 speeies
pre ent

2

3

4

5

6

7

I

No da rec

No da

29.6

recorded at

30. 3

30..0

23,9
¡J'

+0.4 7,O

-0.3

ed at this station

30 .0

30.0

this

29,7

29 "7

20.o

30

50

5

3

station

-0.6

r0.3 7

-0.8 8.0

2



tR"
I

Density

!

IatÍve Sstandand
length (mm)(Re abund

tatTemperatun" oc

Io
M R M

Strrn".
width
(cm)

'cinP. Alga Tot. ô I
R

Hzo

pH

Hzo
depth

(crn)
Time
ree,
comm. Amb.

Bott.
Hzo

2. 5cn
sub-
bed

D'iff,
sub-bed
bott.
temp.

2 g.v ,68

Stn.

I r015 17,0 28.9 30. 5 +1.6 7.O

2

3

4

5

6

-0.5
-0,2

-0.4

28.9 28,7 -0 2

30.2
30.1
30.0
29,8

29,3

25.5

24 "5

29.5

29,6

2g,g

24.5

18.9

7.O

7.L
7.L
7.L

7,2

8

4

spec es
abundant

spec ES
present

I27 spe
Pte

I

9

7

I
I

0

0
ï"I

L0

24.1

L7.6 16. 5 -1. I 8.2

-1r 0

-o.4 3

9
not nrfslnr

specles11 L9*B -0.9 g.l 3



IengthSstandard
': ^ (mm)

2R"1"ti,r"
Ðensity

LVegetation
lRel,abund)Tempenatu:re oc

ó

li

IAlgae Tota
ì

cyp.

Hzo
pH

o
rhp

(cm) (cm)
wid
St

Diff.
sub-bed
bott.
temp.

Hzo
Bott, 2.Scm

sub-
bed IR M

lime
ree.
conm. Amb.

R
Stn.

22

3

4

5

6

7

I

9

30- 0

29,2

29,o

29,0

27.3

27,3

26.8

L5.2

L2,5

l_3.5

13. 5

9.6

30.0

29,o

2g.B

27.0

27.O

26.8

r5. s

L2.9

L3,6

14.0

L4

6 0

0

0

2

2

7

7

7

7

7

a

0

0

-0.2

-o.3

-0,3

0

¡-0.3

+0.4

+0.l-

+0.5

7.4

4

5

7

4

5

2

1

I
2

a7

I

B

I

4

2

4

6

I 8.4

09



t
2

3

4

5

6

7

1200 19.9 29.9

30.5

30.0

29.8

29.5

29.8

28.9

22 "3

22.5

19"0

18.7

19.0

I

9

L0

11

L2

ture oc
3s tandard length

(nun)

ó̂

it
ðcYP. Algae

(ReL.a
Relat
Densi

ve
v

hegetation

Hzo
dpth
(em)

Stfm.
r¡ûidth
(cm)

pH

Hzo2.5cm
sub-
bed

Diff,
sub-bed
bott;
temp.

Bott
H 20

TÍme
rec,
comm, Amb"Stn.

species

species
-ï

present

stie
en

ent

sPec
Dreg

t

7

I4

20

4

9

5

I

2

2

t
5

3

''0.6

-O 12

-o 12

-0.3

-o.2

-0.9

-r.3

-0. 5

-0"6

-2,0

0+1 I 7..0

7rO

1.r

7,2

7.2

-1 ,4

'7 ,4

8.5

9,0

9,0

I 4

I I

30.9

2'9,9

29.6

29,3

29.5

2?.7

2L,5

2L.8

IB. 5

18. L

L7.O



I
2

q

4

5

6

7

I

9

IO

II

T2

I3

I1I5 20,I 50

30. 5

30.2

30.0

30 .0

30. o

29,'9

25.5

25.4

22.8

2L.2

22,3

20-5

30,4

30.4

30.0

29,5

29.9

29.7

24,9

25.5

22.0

19.5

20.0 '

L'7,,.3

-0. r

0

-0,5

-0.I
-o.2

+0,4

+0,I

-0.g

-L.7

-2,3

-3 12

2LO
0L4
l9
05
06
23
14
41
4I
54
43
54
0L2

3+0 7

7

7

7

7,

'l_

7.

8.

8.

8.

8,

8.

2n.t"tiu"
'Density

3s tandard length
(mm)

lvegetation
(Rel. abund )

çI
M R M

Algae Tot.. ð I
R

cyP.

oc

H2

pH
Amb.

tu:re
Diff.
sub- 0 H2o

dpth
(cm)

2.Scm
sub.-
bed

Stnm
wdth
(cm)

Bott
Hzo

bott.
temp.Stn,

Tíme
rec.
comm.

r01

48

I

2

,2

47

I
0o



28 68

Temperatore oc lative
ensI a

egetatn. 3standand length
(mm)

ó ?Amb.

2.5cm
sub-
bed

Heo

pH

Hzo
dpth
(cm)

Strm
wdth
(cm) cyp. Algae Tota ð I

R M R M

Stn.

Time
rec,
eomm.

Bott.
Hzo

Diff,
sub-bed
bott.
temp.

I
2

3

4

5

6

7

I

I

I 3

IO

t-r

l-2

163 5 34 I 30,0

30,5

30. 5

30. 5

30.4

30.3

30.0

29.4

28,8

27.5

26.0

29,8

29.6

30.4

30.5

30.5

30.4

30,3

30.2

30.0

29,L

28.O

26.5

29.5

27.5

0

0

0

+0.2

-0. 
6

_0 ,3

+0. 5

_0. 5

-0.3

-2.L

0

+0.4

7.L

8.1

8.0

e

7 I

I 9

7

6

0

I

7

7

I

2

2

0

I

I

4

4

L2

IO

9

I
10

9

2

2

2

3

9

9

L

I

51

47



t5 XT 6B

I
2

3

4

5

6

7

I

9

l0

I1

L2

13

r030 25.5 30..5

30.9

30. g

30,9

31.0

31.0

31.0

29,5

29.5

30.1

3r.0

30.5

29.5

31.0

30.4

30. 5

30.5

30. 5

39.0

2g,o

29.B

28.O

25.8

27.7

26,7

475+0

7.

7.

7.

7.

9.

9,

9.

9.

B.

8.

5

T4

9

B

t8

15

I1

2

I

I

3

9

L4

0

2-0. 5 7.2

-o.4

-0.5

-0.5

-2,O

-r. 5

+0.3

'2.L

-5.2

-2..8

-2.8

I 6

2

2

3

4

I
I
0

I

13

36

53

species
not pres
species
not pres
species
not pres
species
not pres

4

ent

ent

ent

ent

I

2R"r"aiuu
Density

3s tandand lgth
(mm)

\egetation
(ReI.abund )

_o-Temperature -C

6 ç
Stn,

Tirne
rec.
comm. Amb

2.5em
sub-
bed

Bott,
Hzo

Diff.
sub-bd
bott.
temp.

pH

Hzo Hzo
dpth
(cm)

Strm.
w'dth
(cm) cyP. Algae Tot. 6 I R M R M

I5



19.Xrr.68

Stn.

Time
rec.
comm.

Ternperatut" oc

Hoo
pÉ

HrO
dÞrh
(cm)

Strm
wdth
(crn)

lVegetatn.
(ReI.abund )

LR"l"aiu"
Ðensity

3Standard
length (mm)

Amb.

Bott.
Hzo

2.5cm
sub-
bed

Diff.
sub-bed
bott. cÈP. Algae lotaI JT() Ot

(f 0
+

R M R M

lf00 3 5.0 32.7
3r.4
3L.7
32.0
32,3

32,8
33. 5

34. 5

3+.8
35. 6

38.0

37.O

3 6,0

3I.4
3l-,4

31.8
32,4
32.0
33.4

34.0
34.6
34.9

37.O

32.0

30"5

-l-.3
0

-o.2
+0.I
-0.8
-0.1
-0.5
-o.2
-o,7
-l- ,0
-5.0
-5.5

7

7

7

7

7

7

7

7

7

7

0

.0

.0

.l_

3

3

3

4

6

9

8.3

9.0

9.0

9

7

3

I
l

11

6

3

3

3

4

11

19

0

4

36

7I
59

31

7

0

I
2

3

4

5

6

7

B

9

10

1t
T2

13



24 ,I.69

a

1

2

3

4

5

6

7

B

9

1200 4L.3 31. I

3I.3

3L.2

31,0

30,9

31.0

5I, I

32.5

3r,4

33. 5

32,6

3I. 5 -0.3 7. 0

51.0 -4.3 7,o

53 0

0

a

50.6

30, 9

31.0

31,0

30, 5

3L.4

32.9

-0.4

0

0

-0 "1

-2.O

0

+0.6

7.2

712

7.2

65

30

66

73

r09

L30

48Cl

135

23

-vÉ

9

I

6

I

5

5

B

6

2

5

I
5

6

II
6

3

BBEfiå8fi 3ÈflBI"îO0

7*2

7

7

8.3

I

6

and 11

No data .r€eorded - no wa.Ëell

7,9 1"1

L2

I3 33.4 5 pool

lemperature oC rvgtut'
(Re1.. abund )

2R.l"aiu.
Dens itv

3Standard length
(mm)

ð IHzo

pH

Hzo

dpth
(cm)

Strm
wdth
(cm) cyp. Algae Tota I I I R M R MStn.

Tirne
Tec.
comm. Amb.

Bott.
Hzo

2"5cm
sub-
bed

Diff .
sub-bed
bott.
ternD.

lt 29.6 -4.8 9.6
10x50



Date Recorded 24.II.69
3s tandard length

fmml

2R"r"tiu"
Dens ityTempe:rature oc

4
ó I

R M

A1gae Total ð I
R ¡{

Hzo

pH

H"0
af*r
(ern)

cYP.

I a bund
egetation

St:rm
wdth
(cm)

Stn.
Time
nec.
comm.

Bott.
Hzo

2.5cm
sub-
bed

Amb.

'Diff ,
sub-bed
bott.
temp.

1

2

3

4

5

6

7

B

9

10

11

L2

13

].245 33.0

3I.3

31,5

31. 5

32,0

32.L

32.5

34.8

30.5

30.5

33.6

No da

No'da

115

60

r00

a30

100

110

rB0

100

70

50

ent

ent

30 6 332.4 -0.6 7.O

+o.2 7,O 631, 5

7.O l_0

+0.1 7rO 43I.6

-0, 3 7.L 63L.7

-0.4 7.2 73L.7

-o,4 7,232.L

-3"9 7.9 530.9

+0.5 7,8 651.0

33.0 +2.5 7.4 :5

-l.l 7-8 632.5

r
cord

t ter esa er ed no wacord Pn

I
Seat ôT ed no tenüta pr

2

2

4

2

0

I
3

5

2

I
3

I
2

0

3

3

4

4

0

3

I
3

1t

I4

2L

60

0

10

L7

0

0

0



oc

Arnb.

Diff

tem

Temperature

2 .5crn
sub- t

bed

Bott.
Hzo sub-bed

bott.

r lo
Vegetatn.l 'Relat ive

(Rel.abund) Density
Standard
Iength (mm)

3

(t I
s'tn I

lime
rec.

'comn.

Heo
pH

H^0
¿ét¡
(cm)

; Strm
: wdth
¡ (crn) cyp. AIgae lotaI 4

ó Y R M R M

10

l1

T2

r3

I

2

3

4

5

6

7

B

9

1145 25.7 29,8

30.8

30 .6
30. 5

30.6
30,7

30. 5

30.4
29.g
29.5

27.9

25.5

25.0

30.6

30. 5

30.4

30 .l
30.3

30.0
30.0
28.8
27,O

26.5

23.5

22,5

-0,r
-0. 5

-0.4
:0 .5
-o.4
-I.1
-1. 5

+0:B

-L.4

+0.3

-2.O

-2.5

7..L

9,0

9.0

7 0

7 0

7 Ia

2B

7

7

7

7

7

3

3

4

6

9

7

9

6

7

l3
IO

7

3

4

4

7

9

20

i pool
diam

'7m
"r00

r90
12B

l.24

u6
L22

r60
4.00

230

pool
26XLL3

' il.

I00

I
3

3

t
0

I
1

2

I

4

I

0

0

0

4

4

6

20

4

5

II
0

but
esent

¡9t
present

I 0

3 'i
0

0

0

0

I
2

2

3

4

5

3

2

0



50. .69

(Rel.abund,
\egetn. : Relative

Density
3Suandard

Iength (mm)

2

Ternperature

MR
ó

Stn.

2.5cm
sub-
bed

DÍff.
sub-bed
bott. pH

Hzo \z
C¡P

(cm)

0
rh

Strrn
wdth
(cm)

cyP. Algae Total 3 I
Time
rec.
comm Amb.

Bott.
Hzo

146

r43

L72

238

125

75

250

240

230

2

2

4

4

3

0

I
I
2

u

2

I
2

I
2

4

3

I
2

3

z

2

I

2

3

4

5

6

7

I

9

IO

1I

t2

1145 26.4 29,0

30.5

30.5

30.4

30. 5

30.5

30.7

30.5

29.8

28.4

29.4

7.L

7,3

7.3

7.4

7.5

7.5

7.6

7.8

7..9

7.9

8,0

30.0

30 .0

30.I

30 .0

30.3

29.g

28.8

28, 5

-0.4

-0r5

-0.4

-0.7

-0.2

-0.1

+0.4

+0rI

30 .5

o.2

ecorded - no

""oJ"o - no
I
wa

ter

ter

+1.2

0

No data r

¡lo aatL o

L2

5

t0

15

1I

L2

7

1

I

3

I

58

43

27

39

28

t8

5

5

0

5



25 VT 69
2R"rutiu.

Dens Íty
3standand

length (mm)
\egetation

(ReI.abund)Temperature oc

I0

M R MAIgae Tot. ð I R

Strm
wdth
(cm) cyP.

Diff.
sub-bed
bott.
temp.

pH

lro Hoo
Aeþttr

(cm)Amb.

Bott.
Hzo

2.Scm
sub-
bedcomm.

Time
rec.

lrss 15.9 29.7

30.0

29.8

29.5

29,5

29,3

29 
"O

2g.I

27"-g

24.O

22^3

16.8

r8.0

3Q.2

30.0

29.3

28.7

?8.2

27.7

24.O

zL.8

T5.4

16.0

0

-0.3

+0.I

-o 12

0

-0.5

-L.4

-2,0

+0 5

CI

8.5

7.2

7.3

713

7.5

7.6

8,2

8,8

8.9

8.9

7 I

7 ,

7 3a

3

2

I
24

13.5

7

I
10

2

I
13

L4

7

6

I
4L

23

31

39

L4

15

I
0

0

I5

2



13. xf.69

Stn.

Time
rec.
comm.

Ternperatrro" oC

Hzo

pH

Hoo
dÞrh
(cm)

Strm
width

(cm)

\egetation
(ReI.abund)

2R"l"aiu"
Density

3standard
Iength (mrn)

Amb.

Bott.
Hzo

2,Scm
sub-
bed

Diff.
sub-bed
bott.
temp,

cyP. Algae Tot a ô I ó o+

R M R M

I

2

3

+

5

6

7

I

9

IO

}I
L2

I3

I500 31.8 31.0

31.0

3r,0

3r.-0

3l. o

3I.0

3r.0

3L.7

29.L

2g.g

3L.7

31.0

30.7

29.o

3I.0

3r.0

3r.0

31.0

31.0

3r. 5

29,5

29.o

31.6

29.9

29,9

-2.o

0

0

0

0

0

-0,2

+0.4

+0, r
-0,r
-0.r

-0rB

7,2

7

7

7

2

2

3

37,

7.4

7.5

B.l

8.4

I a I
97

9.0

9.1

13

L4

L4

L2

I
7

I
2

2

3

4

r0.

I6

r0'

2LO

80

L22

L34

L20

lIB
150

52

750

76

lI0x26
m

5

5

4

5

0

0

I
2

0

I
2

0

0

0

I
I
t
3

3

2

2

u

0

0

0

0

0l
species
Inl

abundanr e

0

64

99

43

48

35

0

0

13

35

88



Tempe¡att,t" oc egetati vIa Standa:rd Ie

0 II
R M R M

Strrn
width
(cm)

cyP. AIgae Tot,. ô
Stn.

Time
rec.
comm. Amb.

Bott. I

Hzo
2.Scm
sub-
bed

Diff.
sub-bed
bott.
temp.

(cm)

Hzo

pH

I
I

3

I

0

0

0

0

I
,É

I

2

I

I
4

4

2

I
3

3

2

t

10

20

19

13

4

T4

0

0

3

6

30. 9 30. 9

50 .5

30 "4

30.1

30.2

30.r

30,0

29.5

29.5

29.2

29.o

3

v..2

7'.2

7.2

7.3

7.4'

7,5

7.7

7.7

7.8

7.9

30 .3

30.4

30-4

JO-I

30.,0

30.0

30.0

29.L

+0.2

+O.2

+0 .3

+0.1

+0.5

+0.5

+0.8

+0 .l

5

6

5

6

6

6

I

9

6

6

0 7.0

+0.430.9

watenIr
wateri

f

l_r7

90

75

r60

180

90

43

50

100

73

I

2

3

4

5

6

7

I

9

IO

II

T2

13

1615



11. rv. 70

Stn.

'Time
rec.
'colnÍÌ ,

Temperatoo" oc

Heo

pH

Hro
dëpth
(cm)

Sfrn
wÍdth
(crn)

lVegetation
(ReI.abund)

2R"ruaiu" Sstandard rgth
Density (wn)

Amb.

Bott.
Hzo

2.5cm
sub-
bed

DÍff.
sub-bed
bott.
temp.

cyp. Algae Tot. ô I ð I
R M Rfu

I
2

3

4

5

6

7

I
9

10

I1

L2

;15

r630 29.7 30 .0

30.0

29.5

29.o

30.8

30.9

+0.8

+0. B

7 2

7.2

7

7

3

29.o 0 .3

28,9 29.o +0.I 7 a 4

28.5

27,8

27.0

26,5

26.0

25.0

28.5

27,8

27,O

27.O

26,5

25.5

0

0

0

+0.5

+0. 5

+0. 5

7

7

7

.4"

4

6

7,6

7.8

7.8

No data
ft 1l

reconded, no wate::"l"l'

4

6

9

5

I

6

10

5

5

11

7

100

B6

12B

190

r90

B8

75

BO

75

100

0

,â

3

0

0

0

0

0

0

2

2

tá

2

u

I

3

4

I
2

2

3

2



I0 .vr.70

Stn,

Time
nec.
comm.

Temperatur" oc

Hzt
pH

Hzo
dpth
(cm)

Strm
wdth
(cm)

ati Iative
I

3Standard length
(mm)

Amb.

a t

H
2

0 sub-
bed

sub-bed
bott,
temp.

cyp. A1gae Tot. 6 I ð I
R M M

27 -33 30. 30 -3I

22-40

27 -36

26-37

27 -33

27 -37

26-4I

33

30. 5

33,9

33.0

s2.5

3I.0

32,6

33.5

33.0

24-40 33,

2L-40 32,

28-40 32.

3s-4r 38.

26-42 34,

3 -38 35f0

26-29 27.5

I
2

3

4

5

6

7

I

9

10

11

L2

I3

t_250 20.5 29.o

30.5

30.4

30 .0

29.9

29,9

29.5

29.o

29 
"O

28,5

28.O

No da

30,0

30.5

+1,0

0

7.2

7 t 2

7.2

30.0

29,4

29,4

29.5

29.o

29.O

28.5

2g.L

0 7 3

-0.5 7.3

'/.3

7,3

7,6

7.6

7.7

717

-0.5

0

0

0

0

+0 t I

ta recorded ,nowa ter

¡¡o ¿atL o"oo!0"0, no lout"t

I

6

I

5

7

7

B

I

L4

13

9

107

80

73

90

90

61

53

110

225

4

u

3

0

0

0

,á

0

T

2

2

4

t4

u

I
3

3

3

I

2

2

2

0

0

5

34

15

15

7
(one

25

9

3

3

I5

7

5

Ijuv

I5

3

2

2

I9

I
IO

3

10

6

t-



'R"l"tirr"
Densitvlemperature oc \egetatn. 3 lengthrd

)
Standa

(mrn

d IStn.
lime
rec.
commr

Bott.
Hzo

2.5cm
sub-
bed

Arnb
Diff.
sub-bed
bott.
temp.

Hzo
pH

H^
d6
(cm)

0
rh

Strrn
wdth
(cm)

cYp Algae Tot. o I
R M R M

2 V

0

9
un

uv.
6 23-38 29.3 2L-36 27.5

29.2

29.0

33.7

33.4

36.0

32,0

24,2

S

L7

37

IO

L4

I
I
I

)
9

15

2

7

5

3

3

B

2

I
7

3

5

5

22-35

L9-42

35-37

29-s8

3L-44

2L-39

2L-35

22,7

27,2

36,0

35.4

36.4

3L.7

27 .7

18 -37

L9-37

26-38

2L-38

34-39

23-37

20-33

L2

3

No datatl
No data'
li

u ed-no
ed-no

wate:r
I

water
¡

I

o..orå
+

I
2

3

4

5

6

7

I
9



30 vrr 7ô

Stn.

Time
rec.
comm

Tempenatoo" oc

Hzo
PH

Heo

(cm)

Strm
wdth
(cm)

4
'Vep.:ctatÏr.

a

( l{el-ahìrno

2R"r"aiu"
., Density 3Standard lenqth (rnm)

Amb.

Bott.
Hzo

2. 5cm
sub-
bed

Diff.
sub-bed
bott.
temp.

cyp ' A1gae Tot, ô I 0̂ I
R M R M

I
2

3

4

5

6

7

I

9

10

II

T2

13

1400 L7.7 25.5

30 .3

29.7

29.o

29.0

28 .5

28.0

27,0

27,O

26.3

25.4

29,3 +0,9

30.0 -0.3

29,0

29,o

29.5

28.O

27.O

27.O

26,4

25.5

e

0

0

0

0

0

+0.1

+0.I

No a recorded.
ia recorded.
I

No

7.2

7.L

7.2

7,3

7,3

713

7.3

716

7,.6

7.7

7-8

6

l_0

4

3

4

5

5

9

3

4

No wate¡
I

No watel

6

110

80

L20

BO

96

BO

84

61

190

200

0

6

3

I
0

0

2

5

Lb

5

2

0

2

I

I

5

5

5

I
2rá

I

I

0

0

7

L4

II
I9

22

24

35

I3

3

3

6

10

10

L7

t8

I

Qt

t1

5

9

L2

7

L7

5

20-24

23-28

r9-36

r9-36

22-3L

20-33

22-43

17 -28

22.3

25.6

24.0

26,9

25,6

27.L

27,4

24.9

20-26

20-32

22-4L

L7 -33

20-28

22-35

20-3L

2L-36

22,5

25,2

26.9

26,7

23.4

27.L

24.8

26.9



22 ï 70

Ternperatur:" oC
rVegetatn,

Standard length (mm)
32R"r"aiu"

Hzo
dpth
(cm)

Strm
wdth
(cm) cvp A1gae Tot ó

â
óI

MR I

Stn.

Tirne
llec 

"
comm. Amb.

Bott.
Hzo

2 .5crn
sub-
bed

Diff,
sub-bed
bott,
temp.

Hzo
pH

25-37

20-4L

20,42

27

23-33

L8-27

3I. I
33.2

29,6

27

25,8

23.7

L20

9t

L20

8I

88

235

275

800

64

r57

0

3

,á

z

0

0

z

z

0

z

I

0

2

3

z
t-
4

z

u

,6

0

0

z

ll
B

L2

3 I
7

0

0

9

9

2L-34 29.o

24-29 26.3

3 3
(one uns xd.

0

30

L7

23

4

18

0

7

24-4L

L9-34

17 -37

30 -3r

t9-40

30.6

27.9

28,L

30 .3

25.9

juv,)
33

I
2

3

4

5

6

7

B

9

10

II
L2

I3

1400 I9" 7 7.L

7.L

7.2

7,3

7,3

7.4

7,6

7,7

7.7

7.8

t0

4

5

5

4

4

4

2

0

0

0

9 0a

I

26.L 25.7

ed

ed

4

7

I+0.1

29.8 +o.2

29.5

2

2

9.1

+0 .3

a0

-0

-0

2

9

4

No data re
No data r

26,9

3l .0

30.5

3r.0

30.4

30.0

29.6

29 "5
29,L

28,7

28.2

28.0

28.4

27,r

26,5

no water
rl
no wafer

-0,4 7.9



7 rX 70

Temperatuo" oC
rvegetatn tR"luaiu"
(ReI -aburd) Densitv Standand length

(mm)

3

ó IStn. Amb.

Bott.
{eo

2 -Scrn
sub-
bed

Diff.
sub-bed
bott.
temp.

pH

Hzo Hzo

dpth
(cm)

Strm
wdth
(cm) cyP. Algae TotaI ð I

R M R M

Time
!ec-.
eomm"

27.6

32.I

27.8

29.7

32

27

25-34

22-40

24-4r

24-34

2g .0

29.O

29.2

30,2

7.L

7,L

7,L

7.2

7,2

7.3

7.3

7.5

7.6

7.9

9.3

I Ia

9 3 T2

9

I
B

3

B

6

4

5

5

5

B

11s

100

r07

]..22

62

r10

500

600

BO

l.20

0

3

3

I
0

0

u

z

0

2

b

0

0

7

I 3

0

I

I

(
Ð
one un-
xd juv. )

18

I9 13

6

1

I

o

0

I

I6

0

0

0

3

I
3

2

2

u

I
3

\

u

0

0

(unsxd
luvJ

t1

6

9

5

0

0

23-24

23-43

25-35

28 -3I

18.5 28,9

28. I
28.5

29.0

28.4

27,6

27,Q

25,9

24 -5

2L-g

20.6

L8.7

L7, 5

30.4

28.2

27,9

27.5

27.4

26.5

2 5.0

24.O

2L.6

20,5

L8.4

17,6

+1.5

-0.6

_0,1

-0 I

-0.9

-0,2

-0. 5

-0.9

-0.5

-0.3

-0 ,1

-0.3

I1

L2

I3

IO

I
2

3

4

5

6

7

8

9

1520



Ternperator" tc lVegetatn.
(Rel.abund;

2R"r"ti.r"
Denslitv

)-Standard length
(mm)

IStn.

Time
]]ec,
comm. Amb.

Bott.
Hzo

2.5cm
sub-
bed

Diff.
sub-bed
bott.
temp.

H 0
2

pH

Hzo
lpth
(em1

Strm
¡uidth

(cm) cyP 
"

Algae Tot, ó I
ô

R R M

3

2

4

3

2

4

I

3

4

2

t_

0

0

0

0

0

I
3

I
2

3

4

5

6

1010 26.9 31,5

31.4

31.0

31.0

31.3

3L,7

32.O

32.L

32,O

29.5

33.0

31.0

3I.5

31. r

31.3

3l-.3

31. 5

3L.7

31. 9

3r.9
27.6

32.2

30.5

0

-0 .3

+0.3

0

-0 .3

-O o2

-0.1

-1.9

-0.8

-0.5

35-4r

27 -36

27 -37

38.0

7"

7,

7.

7.

7.

4

5

I

6

5

I

0

0130

90

IIB

2L8

147

2

9

13

IJV o

4

3

3

0

3

6
sxd.

28-35

27 -40

32.3

33"3 31,0

51.0

3 6.0

30.0

2

6

6

00

I

I

I

-o.2 7.3
(

7

B

9

714

7"3 18CI

17'r

LTl

20

81

lLm

19-31

2s-33

25.O

29,o

53 .0

29.33

29-3L

0

0

1

0

u

0

0

0

z

0

z

T

1

0

6

5

3

4

5

3

2

I
2

2

2

T

a

7

I
I
9

5

6

3

5

11

I3



25 XI 70

' 

.tt.

Tírne
llec .
comm.

Tempenature oc

Hzo

pH

Hzo
dpth
(cm)

Strn
wídth
(em)

lvegetatn. 2R"r"aiu"
(Rel.abund) Density

3s tandard length
(mrn)

Amb.

Bott.
Hzo

2.Scm
sub-
bed

Diff.
sub*bed
bott.
temp.

cyP A1gae Tot. ó I ó I
R M R M

I
2

3

4

5

6

7

I

9

t0

TI

L2

13

133 s 30 .0 31.0

3l_,0

.31.0

30 .9

30.9

30.8

30. 5

30.5

3I.3

31.0

+0 a 3

0

31.0

31.0

31.0

30 .9

30.5

+0 a I
+0.1

+0.2

fi14

0

No data recorded

7.0

7.O

7.L

712

7.2

7.3

7 a 3

7"4

3

3

3

3

0

0

tá

z

2

3

3

2

2tÉ

3

2

t

sPec

5

18

23

13

L7

4

I

Les presl"rrt in

2 3 28-32

IO

r_5

7

IO

2

I
I

6

7

2

23-40

25-45

25-37

27 -4L

30-37

abundance

30 ,0 2s-28

33.8

32.7

3I. r
33.4

33.5

30-4L

26-43

28-4L

24:37

3L-37

26,3

35,4

32,L

32,8

32.L

34,0



Append-ix q

Bottom water temperatures and. differences between

them, and- sub-bed. temperatures (at 2", and 9"O cr.

d.epth) record-ed. at the respective stations at

Coward- Springs Railway Bore (locality t+) 1968"



l,{ean

Range

1
2
z
+
5

6
7
oc)

Sta-
tion

Date record-ed- 1+"NII.67

11"5
I

i -o.9

11"6
to

tr.o

t1 .6
t5 "o7lL q

t1"o

Botton-
vrater
temp

o^

_nq
to

_)^

+O.
-ô/)
_4

t
5
ft

,

2"5 cm
d"epth

Difference
sub-bed./bott 

"water temp
o/ì

-t "B l"[e alL

-lL 7

to
-7 "o

+0.4
-+.7
-7.o
-lL 

q

Ç.O cm
d.epth

Range

1
¿
v
4
q

6
11

B

Sta-
ti-on

Date record-ed- 21 "II"68

5+"'

to "oto
i8 "2

11",
tB.2
57.8
11 "'
50.o
72^

16"1

Bottom-
vrrater
temp

oc

2"J cm
d.epth

Ç.0 cm
d.epth

Difference
sub-bed-/bott 

"water temp
oc

+O

-6.
-tL_)
-o.

_ôq
to

"6 "g

+O.l
-B "t_o e.

-+ ",_)R
^tr

-6 "1
-8.9
+o "5to
-9"8

9
1
o
1
6
E

tr
Ò

+5"

z
ñ

-3 "7 -5.1

ll[ean

Range

1
¿-

t
+
q

o
7
8

Sta-
tion

Ðate record.ed- 22.III.68

t1.+

29.6
to

,+ "o

t1.o
51"1
1+ "o,oo
to.a
11 .'
t2 "o
29 "o

Bottom-
water
temp

oc

-o,6 -1 .6

+O.B
to

-2.O

+o "5
0

--o
-o
-2
-1
-o
+0

ñ

+
o
o
7
a

2", cm
d-epth

Difference
sub-bed-,/bott.
water temp

oc

+O.2
to

-t ",

+O.,
-42ZE

-2.O
-zã

7E

-o.3
+O.2

9.O cm
d.epth

I',{ean

Range

1
¿_

v
+
q

6
7
B

Sta-
tion

Date record-ed. 26 " IV" 68

2+.1

21"5
to

29 "9

DÔO
2' "5
24 "'
22"O
)4q
23 "72t .,
2' "6

Bottom-
water
tenp

oc

-o.4 -o.7

+1 .O
to

-1.8

+o "5to
-2 "1

+0.'1
+1"0
-1 .1

o
-o.9
-1 .8

U

-0 "1

+O "2+o"5
4A

-1,C
-1 .1
-2.1
-o.2
-o.1

2.5 cm
d epth

9"0 cm
d-epth

Di-ff erence
sub-bed.,/bott.
water tenp

oc



Range

1
¿
z
+
,
6
7
I

Sta-
tion

Date record-ed. 28.1,'. 68 Date record_ed_ tO "VI "68

19 "9 -ñ ¿L

16.1
to

29.6

29 "a
22 "C
21 ">
17.O
16.1
16 "O
18.9
18 "7

Bottom-
rvater
tenp

+0.4
to

-1"9

+O.4
+4,7
-1 .O
-o "9AA
-l"l
-o "5
-0.4
_ô7

2", cm
d-epth

Difference
sub-bed,,/bott,
water temp

oc

-o.8

+0.4
to

_2^

+0.4
-o. 5
-2 "O
-1 "5
-1"1
-o "1
-1 "4
-o "7

9"O cm
ciepth

Mean

Range

1
I

1
+
5
6
7
a(J

Sta-
tion

16.2

12.9
to

29 "o

29
1B
lo

11
1t
12
12
1t

a 0
0
9
R

0
a

9
.+

Bottom-
v,¡ater
temp

o^

+0.1
to

+o.5

+O
+O
+O
+O
+O
+0
+0
+O

t
5
1
1
1

5
+
+

2.5 cr
d epth

Diff ere.nce
sub-bed./bott.
vr¡ater temp

oc

+0.'i
to

+0.8

+0
+O
+O
+O
+O
+O
+O
+O

t
ö
I
7
.l
L
rt

6
6a

9.O crì
d-epth

1,'{ean

Date record-ed- 26.VfI"68

+o "t +O.4

Date record.ed_ . vrrr .68

l,Iean

Range

1
2
t
.+

5
6
7
Õ

Sta-
tion

17 "2

10 "5to
29 "1

)az
20. o
17.5
11"A
10 "516.5
15.5
17 "2

Botton-
water
temp

oc

-o "9

+O 7

-2,'
to

+o.7
o

-1 "5
o
o

-)q
-2.O
-2 "t

2"5 cm
d.epth

-4)

-1.2
to

+0. B

+0.
-n
-1 .

o
-0._)
-t
-z

B
a
q

q
tr

¿

9.0 cm
d epth

Difference
sub-.bed./bott "water tenp

oc

L4ean

Range

1
é-

t
+
q.

6
7I

Sta-
tion

20.9

42tr

to
)oq

29 "922.7
19 "O
20 "o
1t "5
21 .9
19.7

Bottom-
water
tenp

oc

-2"+

-+ "+to
+O.1

+O
-0
-1
-8
-o
-+
-2

1
?
,
o
tr

+

2"5 cm
depth

-1"+

-8. O
to

+O "J

7

7
E

0
5
9
¿-+

o+O

-5"
_4

a

-1 "

9.O cn
d.epth

Ðifference
sub-bed.r/bott.
water temp

oc



A[ean

Range

1
2
1
+
5
^
7
B

Sta-
ti-on

Date record-ed. 28"X"68

28 "1

2+ "Oto
11 "1

to.4
11"1
29 "o
2+ "O26.2

Bottom-
water
temp

"c

-1 "6 i -2 "7 I m"rrr

-4. O
to

+o "7

-7t
+O

o
U

o2

+O" 2
+o "t
-4" O

-2"5
-2.2

+O
-o
-7
-1-t

¿
1

o
tr

Z.

2"5 cm
d.epth

Difference
sub-bed- bott.
i,vater temp

oc

!.0 cm
d-epth

F-ange

1
a
z
+
5
6
7
B

c-t-^!J U d,-

tion

Ðate record-ed- 15.XI "68

¿ó"¿

22.1
to

72 "o

7ã
52
28
¿¿

tr

0
o
1

tsottom-
water
temp

oc

-2.2

E-t

to
+o "5

+O q

5
7
7

tr

-1 "

2., cm
d.epth

Ðifference
sub-bed, bott "water temp

o,,ìv

-1"4

-6"O
to

+0.5

+o. 5
EE

-6,0
-2.8

9.0 cm
d epth

R.alge

1
2
7

+
,
6
7
8

Sta-
tion

Date record-ed. 19 "XII.68

to "Bto
11 "5

1o
to
71

5
I
5

Bott o¡a-
water
tenp

o^

rl

-1 .O
to

rô r)

+O"2
+o"7
-1 "O

2", cm
depth

Difference
sub-bed. bott.
water temp

oc

-1 "2

-v "oto
+O "2

+O

-o
-1

¿
B
o

9"0 cm
Cepth

ean 10 "B



Anpend.ix l+

Botton v¡ater temperatures anci d-ifferences between

them and- sub-bed- teraperatu:res (at 2"5 cn d.epth)

record.ed- at the respective stations at ilv'obna Spring

(tocality rr), 1968-70 
"



fulean

Range

Sta-
tion

21"a
to

10 "5

1
I
t
+
,

7̂
a(J

9
10
11
t1

11

¿Y 6

to "1
to "o2t "8

vo ",
30 "v

Botton-
water
temp

oc

29 "1 -o .1

-o"B
to

+O.4

-o.t

+O .4

-0.6
-o "t
-0"8

Difference
sub-bed. bott 

"water temp
oc

Date record.ed- 27 "IV "68

lilean

Range

1

2
t
4
5
6
n

B
9

10
11
12
1t

Sta-
tion

2+ "O

17 "6to
to.2

28 "9
to "2
to "1
70 "o
29 "B29"5
28 "92r"5
2+"5
An -t("o
,r_u

Bottom-
water
temp

oc

Date record.ed- 29 "V "68

Date record-ed- tO "VI "68

+1.6

-1.1
to

+1"6

-o "t

Date record.ed. 26 " Vf I . 68

Difference
sub-bed. bott
water temp

oc

Difference
sub-bed- bott
water temp

o
Û

+1.O
-o.6

-2.O
to

+1.O

-0
-o
-o
-0
-1
-o

A

..o

5
2
4
¿
0
+
1

9

Bottom-
water
temp

oc

-0
-o
-o
-o
-0

À

-o
-0
-2

¿
2
z

¿
B
7

,
6
o

Mean

Range

I
¿
z
+
5
6
7
B
9

10
11
12
1t

Sta-
tion

25.5

12"5
to

70 "o

0
0
z
7

B
¿
q
q
tr

15"
12"
11.
,7:

29 "o
10 "o
29 "2
29"
29.
4n¿1"
27.
26.

Bottom-
water
temp

oc

+0"1

-o "tto
+O"6

0
-o"2
-o "t
-o "1

0
+o.t
+O.4
+0"1
+o "5

+0"6
U

Difference
sub-bed- bott"
water temp

o
Û

Mean

Range

1

I

t
4
tr

6
7
B
9

10
11
t¿

11

Sta-
tion

2r.7

18 "7to
to.5

29 "9
to "5
70 "o
29 "B
29 "5
28"B
28 "9
22 "7
22.5
19 "o
18 "7
19 "O

-o ",



l,{ean

Range

1
2
t
+
5
6
7
B
9

10
11
12
1'

Sta-
tion

Date record.ed- 1 " fX" 68

26"5 -o.7

17 "tto
to .5

to.1
to "5to.2
10.o
to.o
to "a
29 "9
25.5
25.4
22.8
21 "2)t7
17"1

Bottom-
water
temp

oc

-t "2to
+O.4

+0"4
-O "1

O

-o .5
-ô4
-o "2
+O.4
+O.1
-0.8Á n
- l. /
-2 "1_z)

Difference
sub-bed- bott "water temp

o
Û

l,[ean

Range

1
2
7

+
q

6
7
B
9

10
11
12
1t

Sta-
tion

Date record.ed- 28.X.68

29 "5

26.O
to

to ",

to "o
70 "5
10 .5
to .,
10.+
10 "tto.o
?9 "+
28. B
27 .5
26.O
29.8
29 "6

Bottom-
water
temp

oc

-2.1
to

+0.6

+O
o

o
0
o

+0
+O
+O
+O
+O
-o
-¿

+

¿
6
3
tr

5
1
1

Difference
sub-bed. bott.
water temp

oc

o

Range

1
¿
7
+
5
6
7
a

9
o
1
L
t

1
1
â

I

1

Sta:
tion

Date record.ed- 1, "XI "68

to "5

,otr
to

11.O

10.'
10 "9
to.9
50 "9
t1 "o
t1 .o
tI"o
29 "5
29.5
to "1
,1"O
to "5totr

Bottom-
water
temp

oc

-1"5

-5.2
to

+o.5

+o "5
-o .5

-0"4
-o .,
-o .5
-2.O
-1"'
+o.7
-2"1
-5.2
-2 "B
-2"8

Difference
su-b-bed- bott 

"water temp
ov̂

Itr/le an 11 "B

Range

1
2
z
+
,
6
7
Õ

9
10
11
12
1t

Sta-
tion

Date record.ed 24.I.69

tl .o
to

it "5

31 .B
742

11"2
11"O
to.9
t1"o
11 "1At q,

t1,+
77tr
12 "6

11"+

Bottom-
r,Vatef
temp

oc

-o.B

-o "t-o.t
-o.4

0
o

-o "1
-2.O

rì

-nÁ.'

-4"8

Difference
sub-bed- bott.
water temp

oc

-4. B
to
tì

Mean



Range

1
2
1
4
5
6
7
8
9

10
11
12
It

Sta-
tion

Date record-ed- 2+"II "69

t2 "2
t

I
I -o "t

to .5
to

t+.8

1t "o
11 "1
11 "5
71 "5
t2 "B
t2 "1
12"5
74 "B
70 ",z^tr
11"6

Bottom-
water
temp

oc

-1.9
to

+2 "5

-o.6
+O.2

+O.1
-o "1
-o. 4
-0"4_zo
+O.,
+2"5ââ

:

Difference
sub-bed- bott.
water temp

o
V̂

l,{ean

Range

1
I

+
,
6
7I
9

10
11
12
1t

Sta-
ti-on

29.1

2r.o
to

to "8

29
to
7o
1o
to
7o
1o
7o
2A
28
27
2'
25

8
8
6
,
6
7
5
+
9
5
9
5

o

Bottom-
water
temp

oc

-0. B

-2.5
to

+O"8

+0 a

-O "7

-0.'1
-o "5
-o"4
-o.,
-0"4
-1.1
-1"5
-1"4
-2. O

-2 "5

Difference
sub-bed- bott.
water tenp

o
V̂

Date record-ed. o. rrI.69

llean

Ðate recorded- "rv"

Range

1
¿-

7

+
5
6
7
8
Y
o
1
2
3

1
1

I
1

Sta-
tion

i\{ean I zg"9

28.+
to

to.7

29 "o
to "5
10 "5
to "+
ta "5
to "5
rc"7
to.5
29.4
28.+
,u_u

Bottom-
water
terop

oc

-a "7to
+1 "2

.4
",
"+
"7
^"a4

.l

IL

:,

-o
-0
-o
-0
-0
-o
+O

+1"2
o

+O

Difference
sub-bed bott"
water temp

oc

Sta-
tion

-o "1 Mean 26 "+I

R.ang A 16.8
to

to "o

1
¿
t
4
5
6
7
B
9

10
11
12
1t

29 "7
to "o
29 "g
29 "5
29"5
29 "t
29 "O
28 "1
27 "9
2+.O
22 "t16"8
1B.O

f

I

Botton-
v,¡ater
temp

oc

-0.

-2.O
to

+o.5

o
-o
+O
-c

n
-o
-1
-¿

t
I
¿

+o .5
o

.5
"+
.o

Difference
sub-bed. bott.
water t-enp 

'oc

Date record-ed_ 2 "VI "



nfean

Range

1
2
4
+
5
6
7
B
9

10
11
12
13

Sia-
tion

Date record-ed- 15 "XI.69

10. 7 i -O.1

29 "1to
t1 "7

t1
t1
11
11
71
t1
t1
t1
2q
28
t1
3t
1o

o
o
0
o
0
ô
o
n

1

9
7
o
o

Bottom-
water
temp

oc

-2.O
to

+0.4

-2.O
o

o
o
o
o

-o
+O
+O
-o
-C
-0

2
+
1
1
1
B

Difference
sub-bed. bott.
water temp

oc

ïr{ean i 29 "9

Range

1
a
t
+
q

6
7
B
Y

10
11
12
11

Sta-
tion

Date record-ed- 22"II" 7o

29 "oto
to.9

70.9
to .,
to "4
50 "t
to.2
to "1
30 "o

29 "'
29 "z
29 "O

Bottom-
water
tenp

oc

+o.t

o
to

+O. B

o
+O.4

+O.2
+O.2
+O ",rô4
+o "5
+o "5
+O"B
+O "1

Difference
sub-bed. bott.
water temp

oc

Mean'i 28.O ! +O.1

Range

1
¿
t
lt+
5
6
7
B
9

10
11
12
1t

Sta-
tion

Date record.ed. 11 "TV.7O

25.O
to

70.o

30.o
vo.o
29 "'29.o
28.9
28 "5
27 "B
27 "O26.'
26 "O
25 "o

Bottom
water
temp

oc

o
to

+0. B

+O B
+O"B

o
+0

o
U
0

+O
+0
+0

I

,
5
,

Difference
sub-bed- bott.
water temp

oc

Mean

Range

1
¿
1
+
5
6
7
B
9

10
11
12
1t

Sta-
tion

29 "4

28 "Oto
10.'

)q
1o
3o
to
1oto
29
29
2q
2B
28

U

5
+
o
o
9
,
o
0
tr

o

Botton-
water
temp

oc

+O.'1

-o .5
to

+'1 "O

+1.O
0

o
o

-o
o
o
o
o

+0

q

.1

Di.ff erence
sub-bed. bott "v¡ater temp

oc

Date record-ecl 1O"VI"



I

Mean i 28.2 +0 I

Range

,t

¿
J
+
,
6
7
B
9

10
11
12
15

Sta-
tion

Date record.ed- 29 " {II "7O

)qL
to

,a.5

2r.5
to "t
29 "7
29.o
29 "o
28 "5
28 .0
27 .o
27 "O26.1
,5_

Bottom-
wate¡
tenp

oc

-o.7
to

+0.9

+0
-o

9t
o
U
o
tl

0
ll

+O.1
+0"1

Di-ff erence
sub-bed- bott.
water tenp

"C

nfean

Range

I
I
7
+
5
6
7
B
9
o
1
2
t

1
1
1
1

Sta-
tion

28"B

¿()" I

to
11.O

v1.
to"
to"

o
+
o
6
,
1

)o
29
)a
28 "7
28 "2
28" 0
26 "9
26 "1

Bottom-
water
temp

o^

-o"1

Date record-ed. 22 "VT,II "7O

a e rec e

Difference
sub-bed. bott.
water temp

o
Û

-o.
-0.
-ô

-0.9
to

+o.3

0
+O

+O
0
0

+O

1

2

t
I

9
+
4

+O.

I',[ean

Range

1
2
t
+
q

6
7
B
9

10
11
12
1j

Sta-
tion

Date record-ed. 27 "IX"70

17
t

28
o

E

o

28
28
28
28
2B
27
27
)tr,
2+
21
20
18
17

9I
tr)
0
+
6
o
9q

9
6
11

q

+1 ",
-0.6

-0.1
-o.9
-o.2
-o.5
-0.9
-o .5
-o.5
-o.1
-rl Ã

+O "'1

c

Bottom-
water
temp

oc

-ôo
to

+1 .5

Ðifference
sub-bed bott"
water temp

oc

Range

1
I
7

4
5
tl
7
B
9

10
11
12
1t

Sia-
tion

29 "5to
t7.o

t1
t1
3t
31
3t
t1
42
12
t2
29tt
t1

5
+
U
o
t
7
o
1
o
,
rl
0

a

Bottom-
rvat er
temp

oc

-1.9
to

+O.3

o
-o "t
+o.t
o

-o.2
-o "v
-o "2
-0.'1
-1 .9
-0. B
-o.5

Difference
sub-bed- bott"
water temp

oc

25.1 -o.2 Mean t1. -o.4



Mean

Range

1
2
v
4
q.

6
7
B
9

10
11
12
17

t1.o
t1 .o
t1.o
to.9
10 "9
3A.B
10 "5to_,

-

Sta-
tion

Date record.ed 2r.Xi"7O

to.B

to.5
to

71 .O

Bottom-
water
temp

oc

+O.2

o
to

+O"4

+o "7
o

+0.'l
+O "1
+O "21A.4

o

Ðifference
sub-bed bctt.
wate¡ temp

oc



Appendix I

Length - Frequencies of trapped- C. eremius

coll-ections from Johnson's No " j Bore

(1ocality 2+) - pool A.



Total
Nos

17
l8
19
20
21
22
2V
2+
2'
26
27
28
29
to
t1
t2
t1
7+
7'
16
17

'Bt940
41
+2
4t
44
45
+6
+7
+B

SL

mm

112

1
1
1
¿

2
t
B
7
5
E)
B
B

10
10
10
I
q

+
5
2
1
2
4
7
1
4

dd

Sanpled.

t.rx"68

1+t

1

5
6
o
q

9
4
9
9
z

7
8
6
1
2
+
6
t
2
1

1

1
1
1

1

99

10

1
1
1
1
1

2
I

1

I

dd

Sampled.

t,vr "7Q

76

¿

7

+
.)
¿_

1

2
t
,
+
4
+

1
1

çç

2+
I

I

I
i

45
I

I

)¿

1

1
4
I
1
+

1
-l
¿_

1

1

1

7

1
1

dd

Sanpled
1+ "rv "7o

1

2
t
+
+
B
6
2
1
4
+
1
¿
t

1
I

ç9

2
,
2
1
2
6
2
2
2
1

I
1
I

7
1
1
1

d6 lee

Sanpled-
1' "vl"70

41

2
2
2
t
q,

,
5
4
4

2
1
1
1
¿-

1
1



!otal-
Nos

26
27
28
)a
to
t1
t2
vt
t+
t5
t6
t7
78
t9
40
+1
+2
+t
+4
45
+6
47
+B

)q

17
1B
19
20
21
22
2V
24

SI
mm"

19

1
1

t
2
1
1

1

t
a

1

t

52

1

1
1
¿-

1
¿
1
2
+
1
1tt
1
I
¿

¿

dd 99
1

Sampled-

"VÏ.

21

2

1

1

1
2
1
1
1

1
6

1
¿
)
1

6ó

77

1

1

1

1

5
6
+
t
+
6
+
1

9?
18"

Sampled.

24

I

1

1

2

1

1
1
1
7

1

¿
1

¿

¿
.'l
a_

ód

t2

1

t
5
I
t
7
+

1

7.)
a_

¿
2

¿_

?9

11

1
2
1
I
1

1

1

1

1

1

dd

15

1

/ì
¿-

1

a
¿_

t
?
1
1
2

99
1

SampJ-ed. Sampled.

20.vI.. vr.



Total-
Nos

17
18
19
20
21
22
21
24
2'
26
27
28
29
10
t1
t2tt
t+t,
56
17

'B19
40
+1
42
4t
44
+5
+6
+7
4B

SL

mm"

2+

1
2
2
I
t
1
1
1

7
2
1
1

1

1

2

I

66

Sampled-

21 "Vr "7O

21

1
1
¿

2
1
1
z,

+

¿
a

1
1

99

47

1
¿

t
5

;
1

7
1
4
+
v
5
2
2
t

2
2

ód 9?

SampJ-ed-

26 " Vrrr . 7o

66

I

1

6
4
9
1

1
7
9
2
¿
t
2
7

1

2

+5

I

¿-

6
,
B
¿
q

¿
4
t

1

1

1

I

dd ?9

Sanpled.
27 "Vrtr "7o

Sanpled-

28. Vrrr " 70

86

1

1

1

1

7
,
6
+
9
0
6
7
7
,
5
1
¿
1
2

1

+7

2

¿
6
t
1
¿
7

5
7
+
1
1
1

1
1
2
1
1

1

6d

77

¿
1
+

11
7
6

12
12
4

10
2

.1'
1
1
2
1

9ç



Sampled.

1.fx.7o
Sampled.
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9?
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1
¿
B

12
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18
1B
22
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6
10

9
1
¿
1
1

147

1

SI-,

mm"

17
1B
1g
20
21
22
2t
24
25
26
27
28
29
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J4
t5
t6
v7
t8
t9
40
+1
42
+t
4+
4'
+6
47
4B

,1
2¿
J7
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1
1
2
2
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1

5
7
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+
t
t
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1
1

1
1

t
+
5
6
+
7
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1
4
2
¿
¿

1
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1B
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¿
1
1
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1
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1
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+
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B
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2
1
2
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5
6
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7
6
2
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1
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8
B
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v
B
1
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q

1
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Appenoix J

Length frequencies of trapped. coll-ectr ons mad.e at

Johnson's 1[o" J Bore (locality 24) - Poo]- B.
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2
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¿
2
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2'
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76
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t8
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40
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+t
+L+
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Lt7
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+9
,o
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Total-
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16.VI ,70
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1
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1
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2
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6
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+
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Append-ix K

Lengçth frequencies of trapped- collections mad.e at

Johnsonrs No. 7 Bore (local-ity 24) - Poo] C"



Iota]
Nos "

¿U
21
22
21
2+
25
26
27
28
29
to
11
t2
t7
v4
t5
76
77
7B
t9
40
+1
+2
+t
++
4'
+6
47
48
49
5o
,1
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]IIIII O
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+
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¿
6
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1
¿
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2
¿
1
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7

¿
1
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+
1
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Append.ix L

I,er:gth frequencies of C. eremius tra
from l-ocal-.íty 21 , Nun:rrs Bore.

pped collections





é.ppend-ix 
^A

length Frequencies of Trapped. Collections fron

lir/obna lr[ound- Spring (locality 1r) "



Sampled. Sampled
1A "VIr.7O 2t "VrrT.TO

Sanpled.
2.Vr .7O

Sanipled-
21.rv .70

sl.
Tnm.

,l
I

1

1

1
1
7

2
2
2)
t
1

1
+
¿
5
¿
7
4
2
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1
I

1'
16
17
1B
1g
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2+
2'
26
27
28
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t1
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t5
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40
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+2
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APPENDIX N

length frequencies of trapped- collections from

Blanche Cup Spring (locatity 16) "
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Append-ix O

lrapping d-ata, Nunnrs Bore (loeaIity 27) for the

period- 11"IV.7O to 11.V.71.

At each setting ten sta¡rd-ard. wire mesh traps

(not baited.) Tvere placed. at rand-om for a 1, hor:r

period- overnight (17OO to OBOO hours).



Appendix

1V "lV "7O
22.Vr "7O
71 .VTT.7O

24"Vrrr "7O
4. rx.70
1 .xr.7A
t1 .v "71

frapping
Date

158
166
66

75+
B8

297

262

Numbers
Trapped.



Append.ix P

[rapping d-ate, \'iobna Spring (locatity 55) for the

period. 1 .IX" 68 to 2, "XI "7O "

Àt each setting si-ngì-e stand.ard- wire mesh trap,
see Append-ix for d-escription (laitea), placed. at

each station ind-ícated. for a 12 hour period-

overnight (1800 to 0600 hours). trThere traps not

set this was clue to ei-ther no water or insufficient
d.epth "

A trap was not set at Station 1 if it was obvious

no fish ïuere in the vicinity"

ldo trap was set at Station I d-ue to a rock bed_ am.d_

insufficinet d.epth of vrater to set a trap "

üIhere traps riere not set at Stations 12 and_ 1V (a

sid.e pooJ-) this \Ãras d-ue to the poot havi-ng d-rieC up,

iVhere traps i¡/ere not set at other stations, this
vras d.ue to insufficient depth of water"

A = Although no fish were trapped_, (apparently d.ue

to the trap sinking into the sand. bed.) many \Mere

sÍghted j-n the vicinity of Staticn 'i on these

occasrofls.

B = Although no fish flrere trapped_, several_ were

sighted- in the vicinity of the Station"

? = Fish unabfe to be sexed. (juveniles)"





aPFENDTX a

Australian Mineral- Development laboratories
reference mrmbers to water analyses.



--ïõb-ãIfTy-ño. --l- locality Name
I

Date Sampled. ÂIVIDL. Ref . No.

1/1
1/V
7
9
12

Dalhousie Main Spring
Dal-housie Spring 7
Fomestrs '\ilaterhole
Cramps Camp fi/aterhole
Algebuckína Waterhole
Peake Creek
Birribimina Spring
MusseL l¡Vaterhole
Hone¡rmoon Rore
Johnsons No. J Bore
Nunnrs Bore

Strangways Springs RailwaY Bore

Strangways Springs NÏound. Spring
Beresford. Reservoir
Il/arburton Springs

Coward. Springs proper
Coward- Springs RaílwaY Bore

ï\lorona Spring

Blanche Cup Spring

Callana Reservoir
I-,ake HarrY Bore
Clayton Bore
Dalkannina Bore
Cannawaukininna Bore
Kopperamanna No. 'l Bore
l/lirua Mibta Bore
Gason Bore
Paral¿na Hot Springs
Bal-canoona Creek
Ulontecoli-na Bore
Mul-ligan Springs
Twelve Springs
Woolatchi Bore
Brorrghton River
fight River
Kroehns Land.ing, River l/lurraY

(
(

(
(

I

j

i

i
:

i

i

;

{

t...
1

j'

,t

I

i

rl

I

i'

(
(

(
(

(
(

6. VTII " 68
6"VIII.68
20.xr.69
29.v .69
v1 "vTr "68
,o . vrr. 68
21 "Xr,69June 1969
1 ,rr.71
t.rx.68
28.Xr.69
22,Vr "70

.xr.70

.xr.70

t1 .x "71
v1 "r.71
28.XT .69
v1 ,T "71
1919
,,v .71

,,NT.61
26. IV.68
April 1969

27 .rV "68
1"x"70
2.Nl.61
1 .Tr "71

aNr/16/o
aNr/t6/9
ANT./16/1
¡N'r/16/o
ÃNr/76/o
LNr/16/o
ñr/rc/1
r\Nr/t6/o
ANr/V6/o
I\NI/16/o
ANr/t6/1
ÃNr/t6/o
N\r/t6/o
ANr/V6/o
ANr ! 16/1
ANr/16/o
Ìil1115/59
rNr/16/o
w1827 /61
ANr/v6/o
LNI/?s6/O

ANr/16/o
ANr/t6/o
w18V3 / 61
.r\tm t6/o
r\Nr/16/o
t\NI/16/o
Nrr/t6io
LNr/v6/o
/Jsr/76/o
rÃr/36/o
ANr/16/o
/N'r/16/o
r\NI/V6/o
LNr/t6/o
aNr/t6/o
aNT./t6/o
I\NT/76/o
ANr/16/o
aNr/16/o

677 /69
677 /69
2261/70
+761 /69
677 /69
677 /69
2261/70
82/7o
tr50/71
1271/69
2267/70
21o/71
2tr7 /71
tr50/71
?_261/70
tr50/71

3150/71

t17o/68
5707 /69
,v70/68
2V57/71

7r5o/71
vrro/71
2960 /71
2960/71
2960/71
2960/71
2960/71
2960/71
2960/71
1816/70
1816/70
1816/70
1816/7o
1816/70
1816/7o
2960/71
2960/71
vB97 /68

1+
,IB

22
21
2+
27

to

3o
71
v2

t1
1+

1'

16

42
+t
+4

+6
4B
,o
51
5+

60
62
6V
64
72
7V
76

45

55

rr.71

7o
7o
7o
7o
7o

1.
21
21
2t
23
)7
21
Zrs

"XI
.XT
.xf
.xr
.XI

0
o

ANr/16/
TNT/76/

5O,X"69
70.X"69
29,X"69
24 "N.692+.X.69
29 "x"6929.L71
26.Xï.7O
12"Vr.68

il



Append-ix R

Chenical analyses of test med-iums enployed-

in sal-i-nity toleran-ce tests'upon C, eremius"

AlI che¡¡-ical values expressed. in parts per

nil-lion"





Append-ix S

Data record-ed. d-uring series of saì-inity tol-era¡rce

trials upon C. eremius.

The control- med-ium and- d-iluted- and- saturated- med.iums

were all prepared. from artesian water sampled- from

the outflow point at Nu¡rnf s Bore (locality 26) " The

test subjects were stock from Nr.r¡-nrs Bore

+ = mortalÍty. The mmber fol-lowing the qortality
symbol ind-icates the stand-ard- length of the fish in mm.



Trial 1 
"

Test med-iums:
(a) Distitted. water, salinity =)1,25 (B.7pfn"
(b) Saturated artesian water

salinity = 9,797PPm"

Control- medium:

i.rtesian water samPled- from
IocalLty ?1, sal-initY = þ,6OÇPPn.

Date commenced: 26.V.7O

Duration of Trial z 11 d-aYs '
Remarks: \ilater temperatures and- lengths not

recorded- 
"

11
1?
14
10

9
a
7
6
5
+

2
1

Day from
c-omnencement Control

+

1+

I

Test
med-ir:m

(a)
Iest

ned.i
(¡)

um



Trial 2"

Test med-i-ums:

(a) Distil-led. water, satinity = )l "Z> (B. rpp*.
(b) Saturated. artesian water sampled. from

Iocal-ity 4, salinity = 9,797ppm.

Control med-ir:m:

Artesian water sanpled- from :-ocal-i-ty fl,salinity = þ,609ppn"

Date commenced.: I "Vf "1970 "

Duration of Trial: 20 d.ays "

Rema¡ks:

20
19
1ö

-tb
17

15
1+
14
12
11
10

9
B
7
6
5
4
1
2
1

Day from
commencement

16.O

16. O

16.O

16 "O

16.O
).O

'lb. o

16.O
16.O
16.O

16.O

16 "O

16.0

Heo

Temoo¡'

r)-O

lrO

Control-

++

+
+

+

+

I

.Test
úed-ir-¡m

(a)

Iest
rned.ium

(b)



Trial- t.
Test med-iums;
(a) Distil-led- water, salinity = )1.2, < g"7ppm"

(b) Saturated- artesian water sampled from ì-ocality 26,salinity = 9.,797ppm"

Control- l',Ied-irm:

Artesian water sampled_ from J-ocal-i-ty 21, salinity = 5,6O9p¡

Date commenced-: tO "VI.1970.
Duration of trial | 1+ d.ays.

Remarks:

5+
ttt2
51
to
29
2E
27
26
25
2+
2t
22
21

r.)

20

1B
17
16
15
1+
14
12
11'
'10

9
I
7
6

5
4
a
2
1

Day from
commencement

1

12.t
1

1
12 tO
I .0

14.7

;.0
1r,o

Hzo

Tqnp
v(,

+"6

Control

+(tB.
+ +

+(7V'.
+(49

+{ 49'
+.{16,

+( 47

+
+
+

Test
lrfed.ir:m

(a)

*(v7)

Iest
Medium

(b)



Test med-iums:
(") Distill-ed water salinity = >1 "25 (8"7ppn.
(b) Saturated artesian water, saÌini-ty = 9r?.9?ppm.

Control- med.irm:
Artesian water sampled. from Local-i-ty 21.- salinity 51609 ppn.

Date commenced: 4.VfIf .70.

Dr¡ration of Trial: 15 d.ays.

1+
ôó
42
11

28

27
26

2+

¿u

?1
22
21

20
19
18
17
16
15
14
14
12
11
10

9
B
7

6
5
+
5
2
1

Day from
commencement

12.5

12"5

12.'
12.O

12,O
11-(
12.'

12.O

11.5

1 .o
1V "O

1t "o

1
1t.5

Heo

nEr'l

I

)

I

)

/
)

I

)

7

+115)
+(a1)

Controt-

+(12)
+(29)
+(27)

+(11)
+('lo)

+(29)

+(17)
+(to)
+(28)

+(34)

Iest
L[ed.ium

(a)

Test
l[ed.ium

(b)

,,



Trial 5"

Test Med-irms:
(a) Distilled. water sal-inity = >1"25 1A.]ppm.
(b) Dil-uted- 1:1) artesian water salinity = 14lppn.
(") Satrmated- artesian water, salinity = gr/g/ppm"

Control mediu-u:
Artesian water sampled. from locality no. 2f sal_inity
56O9ppm"
Da-Ue commenced.: 9.IX.?O.
Duration of trial: 60 d-ays"
Remarks: lïater temperatu¡e readings not

taken on d_ays 4j to Jl íncLusive.

1

2t
¿¿
21
20
19

17
16
15
1+
1t

12

11
10

9
B
7
6
,
4

I
1

Day from
commencement

18. O

17 ^5

15 "5

15 "5

15 "6

'rb"o

1

16 "7

14 ".,

17.1

1B "1
18 "t
18"+

17.5

t7 "s

15 "'

1+.O

1+.5
14"t+
1+.O
1+.O
15.2

1+"7

14 "2

Hro

'tä:

+(11 )
+G1)
+(11)

+(1r)
+(16)

+125 )
+( 24)

+G1)

+

+

Test
l,[ed.ium
(a)

Control-
Iest

Med-iun
(b)

Test
Med-i-um
(c)

25
(csnt)



55
54

50
+9
4J],

+6
45
44
+4
+2
+1
40
49
t8
t7
16
t5
t+
tv
42
11
10
29

27

16 "5

16.7

16"5

'l'1 .o

16"5
16 "5

16 "7

53i

16.1
16 "1

16"O
16.O
16.2

16"a
17 "5

17.O

I

++'/

+45
+49

+t9

I

60 8"4



Test l\{ed-ium:

sea water sampred. olf Grange, st" vincent Gul_f , october197A. Salinity = 77 ,58-ppm.

Control l{ed.irur;
Àrtesian water sampì-ed- from local_ity No . Z? "Salinity = J r6O)ppm.

Date conmenced-: 21 .X"7O ,

Duration of [ria]-: 60 d.ays.

Remarks:

Med.ium

(
A-ll

29

22
/6

22

20

1B

15
14

12
11
10

7
6

4
4
â
1

Day from
commence-
ment

7-?

3-g
1

7-?

'18. o

17.5
17 -O

B-O

18"+
18.2

18.O
17.O
6.0

17.O

16 "5

H^O¿
[çmp

+(11)

Control

+( 11)

+(49)

Test
I'fed-ium

q,(
5i
Er

\t

+<

+

56
55

5+
)

+E

+6
45
44

42

40

)

41

Day from
commence-
ment

1

1

g-o

i

I 60 | 2O.5
20 "o

21 .O
18. B

18 "9

1

1

2A iO

20.o
?o.t

20.o

H^O
I

Temnoc'.

+(t2)

+(40)

Control-

+

+
+
+

+(

+



Append.ix T

Gonad., Anal Papilla and. Stand.ard. I_,ength

ûeasurements record.ed. from 20 male and. 20

female C. eremius sampled. from Nu¡n's

Bore (locality 27) popuJ-ation on d.ifferent
occasions between April 1970 and. May 1971,

incl-usive "



= E Ë i< td Þ U
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4L

4L

47

3I
42

47

38

45

50

47

49

39

40

45

4L

4L

43

38

30

IJEFT

SL AP Length
L1

hridrh
v'tI

Length
Ll'

t^lidth
Wr

L. +Lr11 !{ +tü
11I þ¿¡

(:*t*) $riþ?
2.9
2.2
2.2
2,9
r.6
2.5
3.3
2,2
2,9
3.1
2.7
3,2
2,2
2.5
2.6
2.7

2,4
2,4
2,4
L,4

0.ott
0.05
0.05
0.06
0.05
0 .06
0.07
0 .06
0.06
0.06
0.06
0 .06
0.06

0 .06
0.06
0.06

0.06
0.06
0 .06

AP
SL

0 5

4.9
6.0
7,3
3.7
5.8
6.8
I.I
5,2
8.0
7.O

8.0
5.r
4.9
7.4
4.9

5.7
5.1
4.5
4.0

1.5
0.6
0.6
I,3
0.6
1.r
L,2
6.2

r.0
1,3
L.4

r.5
r.0
L,4
0.7
l.c
0.6
0.8
0.8
0.7

7,8 !

4.
5.

7,
0.
6.
9,

7.
8.

7.

6.
6.

6.

5.

7.

5,

4,

5

I
4

I
4

6

0

7

I
6

2

2

7

7

t
0

5.9
6.5
8.3

r.5
o,7
r.0
r.6
0.6
1.0
r.3
LO.2

I.I
r.4
1.8
1.6
0.8
1.4
0.9
1.5
0.9
0.8
0.6
0.6

L5. b

10.8
12.5

r5.6
8,2

11. 6

L4.2
1.9
TI.6
L7.6
14.0

L6,7

L2,2

1I.5
13.6

1_1, r
11.4

t2 .8
9.6
9.0

2.8
r.3
1.6
2,9
L.2
2.L
2",5

0.5I
2.L
2,7
3.2
3.1
r.8
2.9
1..6

2.5

1.5
1.6
L.4

1.3

0.54
0. 9s

0.95
r .06
0.56
0,80
0,48
o.67
o.42

o.47

0.35
0.3 5

62

o,34
o¡48

0.96
0.32
0.58
0 .75



13 /ñ /70

SIJ AP AP
ffi L. +Llr !l, +t^,I r

(t,r+t o) (t,l¡l+ttlr)

SL
Length
LI

t{idrh
tdI

IJength
to

wiclrh
htr

50

45

42

48

39

45

4L

43

50

42

4L

47

39

39

47

48

4L

38

3I
30

3.1
3,0
2,9
3.5
2.8
2.9
2.2
2.7
3.2
2,4
â14

2.8
2,4
2,L
3.I
3,0
2,4
2.4

1.6
L.7

0 .06
0.06
o.o7
0"07

0.07
0.06
0.05
0,06
0 .06
0 .06
0 .06
0 .06
0.05
0.05
0 ,06
0.06
0.06
0 .06
0.05
0 .06
0 06 Mean

7.4
4,6
4,9
6.3

4.L
7,2
6.1
5.6
7.8
4.6
5.8
7.O

3.7
4.5
6,2

7.L
5,1
4.7
4.L
3,7

1.4
l.l
rro
r.3
L,4
o.7
o,7
1.L
1.5
0.9
0.6
r.4
1.r
I.I
L,4
I
0

0

0

0

a

a

0

7

7

7

5

9:0
5.8
6,3

7.0
6.3
6.0
6.6
5.6
8.6
7,3
5.8
7,0
5.8
6,8
7.4
7.L
6.0
5.4
4.9
4.1

1.6
L,2
r.5
L.3
1.3
0.9
0.9
1r0

L.4
0.8
o.7
2,o
0.8
0.9
r.5
L.4
o,7
o.7
0.6
0.6

L6,4
l0 .4
1r.2
13 .3
10 .4
L3.2
L2.7

LL.2

L6,4
lÌ.9
ll.6
14 .0
9.5

11.3

13.6
l+.2
11. r
10.1

9.0
7.8

3.0
2^3

2.5
2.6
2,7
L.6
r.6
2.L
2,9
L,7
1.3
3.4
I.9
2.0
2.9
2.4
I.4
L.4
r,3
1.1

0. 98

0.53

o.67
0.72

o.72

0,47
0.49
0,55
0.95
0 ,48
0.37
1.01
o,46
0.58
0.84
o,7L
0.38
o.37

o.37
0.28
õ:35i{-eañ



22 I
RIGHT TESTTS

St AP

AP
EE rh

hlI
Length

Lr,
t^tidth

v'h
tr*to trl- +trlIT

) (ht )(r +

1,5
1.1
r,0
L12

0.9
0.9
2.L
1,5
1.6
1.1
L.2
0,9
r.5
r,L
r.5
o.7
1,1
r.0
0.5
017

10.70
9.10

lÌ,60
13.80

l-2, r0
9.60

1r.40
14.80

II.60
9.70

16.60
14.10
14.30

L4.20
12.10

g. 80

11. 60

rI,80
10.00

10.60

2,60

2.10
2.20

2.40
1.80

r.70
3.80
2.70
3,40
2.OO

2.I0
2.OO

2.40

1.90
2.70

L.20
2.20

2. oo

1.00

1,20

0. 56

0.43
0, 53

o,62

0.53

0.37
0,92
0,85
0.78
0,4r
0 r7r
0.60
o.7L
0. 59

0.69
0,26
0.47
0.60
0,50

50

44

48

53

4L

44

47

47

50

47

49

47

48

45

47

40

54

39

33

30

2rg
2.5
2.4
2,-l
2.2
214

3.0
2.9
3.0
2,5
2.5
3.0
2.9
2,7
2.4
2,2
2.9
2.6
1.6
r.5

0.06
0.Ç6

0.0 5

0.05
o.o5
0.05
0.06
0.06
0.06
0,05
0.05
0.06
0,06
0 .06
0.05
0.05
0.05
0.07
0 .05
0.04

5.7
3.6
5.8
6.9
5.8
5.4
5.3

6.4
5.0
4rO

8.3

6.5
6,7
6.8
s.7
3,8
5.3

5.9
4.7
4,9

0-05 Mean

1.I
1.0
L.2
L,2
0,9
0.8
L.7
L12

r.8
0.9
0.9
l.l
r.1
0r8
L.2
0.5
l.l
1.0
0.5
0.5

5.0
5,5
5.8
6.9
6.3
4,2
6.r
8.4
6.6
5.7
8.5
7.6
7.6
7.4
6,4
5.0
6,3
5,9
5.3
5.7



11 IVT'i l'7n

t,tlr+Vrl" *sÏ,
(t r+to) (tl+t/ù!)

Lr*LoLength Length
rI ï Lr

r/üidth
wt

V'ridth
hrr

AP
Ar
SLSL

II. 8

9.0

L4,4
16.8

14. r
LO.2

9.2
7,0
17.8

19. I
r5,3
13.8
L7.7
11.4

L2.2
9.6

9 0

10 3

I 7

2.6
1.4
2,4
r.0
r.0
0.8
r.9
2.3
2,6
2.4

I.0
0.9
2.4
3,6
2.L
3.4
2.6
L.2
2,L
2.3

0.70
0.34
0. 56

0.28
0.33
0.22

0.58
0.78
0.81
0.59
0.24
0,22

0,8s
L.32

0.64
0.90
0.90
0.58
0"71
0,76
0,60 Mean

7.2
4.5
4.8
4.L
5.5
3.6
7.2
8.4
6.7
4.4
4.6
2.7

8.9
10.4
6.7
5.9

v,5
6,1
5.6
4.2

L,Z

0,7
1.r
0.5
0.4
0.4
0.9
0.9
r,2
L,2

0.5
o.4
L,2
r.g
1.1
I.6
r.3
0.5
t.I
L,2

b.l
4.5
5.5
4.6
6,3
4,4
7.2
8.4
7.4
5.8
4,6
4,3
8.9
9.4
9.6
6.9
r0,
5.3

6.6
5.4

2

L.+
0.7
1.3
0,5
0.6
0.4
l,o
L.4
1.4
L12

0,5
0.5
L.2

L,7
r,0
I,8
1.3
0.7
r.0
r,1

5.0
1.9
2,8
L.4
L.7
L,2
2.2
3.0
2.7
1.9
r.8
L.3
2.9
3.8
3.2
2,9
s.3
r,9
2.O

L,2

.0 .04
0 .04
0.04
0.06
0.06
0.04
0 .04
0 .04
0 ,05
0 .07

0.06
0,05

0..06

0.05
0.05

0.05

04

o',

0,
06

37

44

3l
35

29

47

49

45

4I
37

28

50

34

50

52

5t
36

36

29



slJ
(tI+IrÊ ) (t^rl+t^,r)

t^lI+h,ÊLr*LoI^tídth^
ri,lr

Leçrgth!ntepgth
"L

rE.nAP
AP
srSt

1.9
4.5
4.L
3.0
4.2
4.5
3.9
5.2
4.6
3.8
3.0
3.4
2,5
2.2
1_.9

r,8
0.8
2,2
4.L
2,9

0, 57

r. 68

r. 36

0.95
r. 66

2 *07

L.44
2,03

r. 56

L,32
L.09
1. 14

L. l-6

0.85
0. 57

0 .45
0 ,18
0.58
t .59

an
1 16

16.4
17 .6
15 .6
r5 .6
19, 8

25.8

L9,2
18'0
17,0
19.4
L7.2

I5 .4
13. 5

L2.4

L3,2
10,9
9.0

ll-, I
r5,6
15.0

8.2
8.8
7.8
7.8

lr.7
13.9
9.6
9.0
9,2
9.7
8.6
7.3
7,5
6.2
7.0
5.8
4.5
6.5
7,8
7.0

r,0
2.3
2,0
r,5
2,3
2,4
2.O

2.6
2.2
2.O

1.4
2.L
1.3
L,2

l.r
0.9
0.4
1_.0

2.3
I.5

0.9
2,2
2.L
r.5
1.9
2.L
1.9
2.6
2,4
r.8
1.6
1.3
L,2

I.0
0.8
0.9
0.4
L.2
r.8
1.3

8.2
8.8
7.8

-7¡8

8.1
lr, 9

9.6
9.0
7.8
9,7
8.6
8.1
6.0
6.2
6.2
5.r
4.5
4.6
7,8
8.0

50

56

47

46

29

32

44'

42

39

42

40

36

47

47

49

50

56

s2

46

3.1
2.7
3.3
3.0
3,7
3.2
3.3
3.4
3.3
2.8
2.8
r.5
L.7
2.5
2.4
2.L
2,3
2.6
1.6

3, 0 .06
0.06
0 .06
0.07
0,06
0 .06
0.06
o,o7
o,o7
0.06
0 .06
0.06
0.05
0.05
0,06
0 .06
0.05
0.05
0.06

n
0 04



)

Èr

(rIEFT TESTTS wr#oI^ridth
td¡

IJI+IJ'IJeHchLenqthriSIJ AP
A.H

sr

13.9
2L,8

rg.6
16.8
15.4
T5.8
22.9
16.4

L7,4
19,9
10.4

L6.6
15.4
20.'l
L7.4

L7.2

L4.4
19.8

L9,2

14.0

2.8
5.6
4,7
5.7
4,5
4.4
7.0
6.0
3,2
6.3
1.1
6.6
5,0
5.7

5.8
s.8
3.8
5.6
4.8
4i5

L.05
2.35

I.94
3.09
2,39
2,25
3 ,08
2.89

r.39
2.78
0 .35
3,65
2.85
2.62
2.24
3.O2

2.LO

2,26

L,g2
2 5Ì

r.5
2.5
2.6
216

2.3
2.L
3.4
3r3

15,9
3

0

3

2

3

3

3

I
2

2

2

7

3

Ò

a

.0

.6

.3

.5

.3

,2

,2

,6
,9

I.5
3.1
2.L
3.1
2.2
2.3
3.5
2.7
1.6
3.5
0.5
3.3
215

2.4
216

2,6
2.2
2.7
2.L
2.0

9

I
7

7

I3
I
I

IO

5

I
7

1I
I
I
7

.3
â,

,7
.l
.1
,2
.7
,7
.2

.1

7

L2

10

2

I

9

7

.7

.0

,7
.5
.6
.5
.6
.0

a

6.7
9.7
9.3
8.4
7,7
6.7
9.8
9.2
8.7
912

5.2
8.5
7.7
9.7
8.7
8.6
6.8
9.3
9.6
7.O

2,7
3.7
3.2
214

2,o
212

3.6
2.5
2.6
3.1
213

2,4
2.2
312

3.2
2.4

1.8
3,6
3.2
r.8

o .07 *.
0.07
0 .08
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0 0

0,07
0.07
0,07
0.07
0.07
0 .08
0.07
0.07
0.06

37

52

45

.3r
29

27

52

34

40

45

33

30

21

45

45

33

26

49

48

24



IrEFT 'JES'IIIt RTGHT TESTTS
br- +h,rrl -sË

(r,r+.rr) (wr*%)
htidrh

t^Ir
L. +LrllÍviclth

wt
Length

Lr
St AP Length

Lt

2

0

0

2

0

2

I
0

2

I
L

I
2

0

0

I
0

I
I

a

a

a

a

t

a

I

I

a

t

I

a

I

a

a

t

a

5

4

7

5

7

7

I
I
2

2

0

I
3

3

9

4

I
1

1

16.4
9,4

13.1
r8.2
11.0

18.6
11,I
L2.2
2L.O

L4,2
15,3

15.4

L6.2

rl.4
L3. 5

Il. 6

Il.6
L4,6
L2,5

a 1.6
4.9
0,9
1.5
4.7
L.4
5,3
2.2

r.7
4,3
213

L,7
2,2
4.2
0.6
1.9
3.0
r,4
2.o
2.0

o,42

T, 6I
a.27
0,50

I.82
0.44
1. 86

0.72

0,50
l. 96

0.74
0,55

0,75
r,45
0.24
0.66
0.87
0.44
0,63

n
0 66
0

+L

49

3I
39

47

35
'55

36

4L

46

44

+7

45

47

28

39

40

.s7
46

38

215

3,5
1.6
2.4
3.7
2.L
4.0
2.5
2.3
2.9
2,5
2,5
2.8
218

1.3
2.5
2.7
2,4
2.5
2.3

0.07
0.05
0.06
0 .08
0,06
0 .07
o.Q7

0.06
0.06
0.06
0,05
0.06
0.06
0.05
0.06
0.07
0.06
0.05

AP
st

0 06

4.5
7.L
413

5.9
9,r
5.2
9.3
5.9
6.1

10,5
7rL
8.1
7.O

8.1
5rl
6.5

5.5
5.8
6.9
6.0

2

0

0

2

0

2

I
0

2

I
0

I
I
0

I
I
0

0

0

a

I

I

a

a

a

a

a

a

a

ú

t

o

I

a

a

t

a

3

5

I
2

7

6

I
9

t_

I
7

I
9

3

0

6

6

9

9

)

o

a

a

t

t

I

a

t

)

t

I

a

a

a

I

3

I
2

I
I
3

9

I
5

I
2

4

I
3

2

t
I
7

5

l0

9

5

7

9

5

I
5

6

7

7

I
I
6

7

6

5

7

6



IEFT TESTIS RIGHT TESTIS
l^¡ +ttlrI SI,

(Lr+Lol (wr+%)
h,idrh

t^,ll

Lr+LoLength
L1

htÍdrh
wt

Length
Lr

st AP
AP
sÍ

o.47
0, ag

0.38
1.78
o.47
O,27

0 .lr
r.65
0 .80
0.4I
o.23

L,27

0.I8
I,54
0,62

r.82
L,73
0.45
r.06

an
39

ll.. 5

L4.7
10.6
20.6

L7.L
9.6

-7.'2

17.6
L6.4
LL.2

I0;.4
15.8
9,L

20,4

L3.4
26,O

19, 8

9,4
16.0
LL.7

rr9
2.8
r.6
4.6
L.2
L.2
0.4
4.7
213

L.4
0.8
3,8
0.6
314

1.9
2.8
4,2
L,2
3,3
1,5

L.2
L,4
0.9
2,2

0.7
o.7
o.2
213

1,3
0.8
0,4
L,7
0.3
2,0

1.1
1,6
2.O

0.6
2rO

0,9

6.1
7.L
5.3
9,8
9.3
4.3
3.6
8,1
8.5
6.r
4,9
8.5
4.1
10,8
6.0
12.5

9.4

4.7
7.6
5,2

L.4
o.7
2.4

0.5
0.5
0,2
2.4

1.0
0.6
0.4
2.L
0r3

r.4
0,8
L12

2.2

0.6
1r3
0.6

a

7.3
5,0
9.6
7.4

13.5
1Ô,4':

4.7
8.4

6.5

a

a

a

I

)

I

)

a

a

IO

7

5

6

3

I
I
3

6

5

9

I
5

7

5

3

9

7

5

5

46

44

53

4s

43

2S

50

47

38

36

47

30

45

4L

40

48

25

50

44

215

2.6
2,L
3,7
2.5
2.4
1,1
3.5
3,2
2,5
1,6
218

1,5
3.2
2.4
3"0
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0 .03
0 .03
0 .03
0.04
0.03 Mean

I
9

7

4

7

6

3

9

2

6

2

2

I
5

4

I
5

6

I

7

6

2

I
2,2
215

1.5
L.2
1.5
I.I
2,L
1.r
L,2
1.1
IrI
1.5

1.6
r.3
0,71
r.0
r.1
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SL AP
APfr IEFT OVARY RTGHT OVARY

tr*h wr{S (tf*b ) (!,,I+tb )
SLrïsth I w Le¡gth

!1 \,ùs.h
2.L
2.7
2,0
2,2
2.2
1.3
1.9
r,3
1.3
2,6
1.0
L12

I.I
1.6
1.4

1.6
L.4
0.9
I.I
L.2

I

L7,4
14.8
17.8
14.8
16.0
L6,4
L4,6

13.I
17.2

11. B

I0.9
10 .8
9.9

L2.L

11.7

11. 9

8.0
LL.7

L2.2

4.5
5.4
3.6
4.4
4.7
2.8
3 .I_

2,9
2,4
4.7
2.L
2.4
2.2
2.7
2,9
3,2
2.7
r.5
2.L
2.3

f.b5
2.L3

L.24

L,74
L.74
L.O7

1.10
0. 95

0 .8I
2,L8

o.7L
0.75
0,72
0.83

9,05

1.07
0,87
0.44
o.77

0 82
1.13 Mean
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hJidrh
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L- +LIT ht +.{^lI r
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a

a

-

a

a

a

a

2

2

3

2

3

I
3

4

I
3

I
2

2

1

3

2

I
t
0

2

I
2

5

2

4

5

7

0

5

5

2

5

5

6

I
9

I
6

32

35

36

46

33

26

3s

40

24
zrl

25

34

33

31

31

30

3t-

29
18

6.I
6.3
11.3
7-2
9.3
4,5
10.9
LL.7
3.9
10.6
5"3

6.8
8.4
5.6
8,7
10.3
5.8
7.4
3.6

L,7
2.o
3.2
2.L
3.0
L,3
3,3
3.6
0,8
3.I
r.4
2,3
2.3
1.5
3.3
2.9
1.6
l;B

L3,7
13 .3
22,6
L6.4
18.6
9.4

2L,g
24,5

8.4
2L,2

I0.6
14.5
16.8
L2,4

L7,4
20,6
L2.3
14.8
7,L

3.9
4rL
6.4
4.6
6.2
2.7
6.8
8.3
r.8
6.6

2.L
0.5
1.8
1.0
r.6
r.5
L.4
I.9
1.9
1.3
Ì.3
o.r

7

1

9

I
7

B

6

I
2

I
t
I
0

I

.o.05

0.06
0 .05
0.04
0.05
0.03
0.05
0.05
o.02

0 .06
0 .04
0.05
0 .04
0 .04
0.06
0.06
0¡04
0 ;04
0.05
0;04

7

3II

7

9.

6

0

2

3

9

L,67
r. 56

4.02

r.64
3.49
o.97
4,23
ï .08
0,63
4.37
L.23

L.92
2.44

1.20
3,97
3,84
1.38
1.84
o.47

9

4

9

I
IO

L2

54

0.6

10. 6

5.3

7,7
8.4
6.8
8.7
r0.3
6,5
7.4
5.5

2

4

4

3

6

5

3

3

I

a

I

)

a

a

9

5

I
0

9

6

5

6

2

^-0.04 Mean z.5u Mean
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SL AP st
AP Length

I.,r
v\/idrh

hJr
Irength
Lr

widrh
vür

trLr* W- +hIIT
(tt*tr]. (wr*%)

dr
,4L
.4L
.42

.48

.35

.39

.38

.39
,43

.36

.34

.45

.39,

,34

.31

.40

.37

,37

.4L

.38

2,L
1.6
t.9
2.2
0.9
L.7
2,2
2,L
I.9
1.6
T,J
1.9
2"2

I.I
1,8
2.L
r.6
2.2
2.o

L.7

0.05
0 .04
0.04
0.04
0 .02
0.04
0 .06
0 .0s
0 .04
0 .04
0 .05
0.04
0.06
0.8J
0.06
0.05
0 .04
0.06
0.05
0 .04
0.04 Mean

15.I
6,4

10.4

14. 5

6.1
L3.2
6.6

L2.5
8.2

5.I
7.3
L2.4
7,7
6.5
6.2

7.4
9,7

13.2

8.0
7.5

3.9
r.5
3.I
3.6
1-6
3.8
r.9
l.B
2.L
L..2

2.2
3,3
2,4
0.8
L.4
r.8
2.9
3,9
2.2
2.0

15,1
6,4
LL.4

14.5
7.6

L3.2
6.6

L3,7
8,2

6.2
9.1

12.4
8.4

7,I
6.3
8.1
9.7

L3,2
8.0

8.5

4.3
L.7
3,2
4,r
1.5
3,7
2,0
2.o
2,5
L,2
2,6
3.5
1.8
L.2

1.5
r.6
3.0
3.6
2,7
2.5

30.2

L2,8
2I.g
29,o
L3.7
26,4
L3.2
26,2

L6,4
II.3
L6.4
24,8
16.I
13.6
L2.6
ls.5
19.4
26.4

16.0
16 .0

8.2

3.2
6,3

7.7
3.1
7.5
3.9
5.8
4.6
2,4
4.9
6,8
4.2
2.O

2.9
3,4
5.8

7,5
4,9
4.5

6,04
0,99
3.27

4,65
L.2I
5 .07
1.35
2.55

I.75
0.75
2.3L

3,75

L,73
0 .80
I. I8
L.32
3.O4

s.35

1.91
89

ean
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SL AP
AP
Ð

Lr*Lt t^J. +t{I]1
(l,r+L") (wr+'Vttr)

ÊíL'

Lengfh
Lt

widrh
wr

Length
Lr

I^lidth
hlr

35

4L

40

42

38

36

33

33

28

38

31

45

38

33

34

3I
33

35

28

32

1.8
1.9
2.2
L,7
2,3
1.8

;/7
0,7
0,7
I.B
I.I
1.8
r.9
r.2
I;4
1.3
1.6
2.0

1.r
0.9

0.05

0.05
0.05
0 .04
0.06

ß.05
0 .05
O,02

0.02
0,05
0.03
0 .04
o. o5

0 .04
0 .04
0 .04
0 .04
0 .06
0 .04
0 03
0,04 Mean

6.1

8.1
r1.0
7,4
6.5

LL.2
5.0
6.6
4.2
6,4
5.3
6r7

11.4
5,4
6.5
6.9
5.r
9,7
5.6
6.4

I.3
2.0
2,5
1.5
2.L
3.3
1.1
o.7
0.6
1.3
r.5
L,4
2.8

1.0
L.7
1.6
L,2
2.7

1.6
0.8

6.5

8.1
1r.0
8.6
7,8

LL.2
5.0
6.6
4,5
7.2
7.L
7.3

LL.4
6,2

7.O

6.9
6,3

9.7
5.6
6.4

1.3
2.6
2.7
1.5
2.0
3,3
L,2
0.8
o,7
r.0
r.8
L.2
3.4
1.1
r,5
r.9
r.3
3.0
0.9
0.9

]-2.6

L6.2

22.0

L6.0
L4.3
22,4
10 .0
L3,2
8.7

13.6
L2.4
14.0
22.9

rl.6
13.5

13.8

11.4
L9,4
LL.2

12.8

2.6
4.6
5,2
3.0
4.L
6.6
2.3

1.5
1.3
2.3
3.3
2.6
6,2
2,L
312

3.5
2.5
5.7
2,5
L,7

0.94

L,B2

2.86
1. 14

r.54
4.11
0. 69

0.60
0.40

0. 82

L,32
0.81
3.72

0.74
L,27

r. so

0.86
3.L6
I .00
0. 68
1.50 Mean
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SL AP
AP
sr Length

L1
wLdEh

,wl
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Lr
widrh

t^lr
L- +Llr tÂ'l- +I,üI r

(L + +ld ))(In]

24

28

29

33

33

34

35

3s

36

37

37

37

37

38

39

40

41

4L

42

50

1.2
I.0
0.6
L.4
2.0
1.6
.2.2

1.9
l_. 9

1.4
2.o
1.9
1.3
1.9
1.5
r.9
2,0
1.5
L,7
L.7

9.05"
0.03
0.02

0 .04
0.06
0.05

0.06
0.05
0,05
0 .04
o .05
0.05
0 .03
0.05
0.04

0.05
0.05
0 .04

o.o4

n
0 03

5.3
6.1
6.3

II.6
9.r

10. 9

10.1
6.8
6.3

I0.3
5.1
7,6
6,2
7.5
5.6
9.5

10.3
7.3
9.3

7 7 1.9
1.8
0.5
L,2
3.3
2.3
3.0
2.8
L.7
1.3
3.4
L.3
0.9
r.8
2.2
1.3
2,8
2,3

L,4
L.7

7,7
6.1
6.t
6.8

11. 5

10. 3

10.9
8.9
5.6
7,L
9.0
6,4
7.0
6.2
7.8
6.3

9.9
r1. 5

9.8
L0,2

1.9
1.9
0.4
r.0
3.5
2,6
3.5
2.9
1.8
1.6
4,3
1.9
r.3
1.6
2r6
L.2
2,9
2,9
2,L
I.B

15.4
1I.4
L2.2
13.1
23.2

L9,4
2L..9

19. 0

L2.4
13.4
19. 3

rl. 5

L4,6
L2,4

I5 ,3
11. 9

L9.4
2I.8
L7,L
19. 5

3.8
3.7
0.9
2.2
6.8
4.9
6.5
5.7
3.5
2.9
7,7
3,2
2,2
3,4
4,9
2.5

5,7
5,2

3.5
3,5

2.44

I. 5I
0 .38
0 .87
4.78
2.79
4.05

3.09

r.20
1.05
4.02

0.99
0.87
I, T1

r.88
0.74

2.69
2,76

L.42
1.36
ãõõ-Gã
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St AP
AP
sï tr*Lo hll-Ft^irLength

L1
uJidrh
wr
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Lll
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V',r

2

30

32

32

34

34

35

36

36

37

38

39

39

40

40

40

4L

43

43

45

0.5
0.6
1.3
0.3
L.2
l.l
0.9
0.9
L.4
0.6
r.6
1.6
I.B
r,9
1.6
r.6
2.0
r.5
r.9
1.9

0.0
o.o2

0 .04
0 .0I
0.05
0 .03
0 .02
o,o2

0 .04
o.o2
0 .04
0.04
0 .05
0 .05
0 .04
0 .04

0.05
0 .03

0 .04
0 o4

.r

.5

.3

.2

.9
,9
.2

.5

,3
.2

,2
q

.7

.9

.L

.l

.2

.8

.3

4

I
5

I
I
7

6

6

6

I
9

7

6

7

B

6

B

I
10.3

0.
0.9
2,3
o.7
1.8
2.L
L.2
0.7
L.2
1"6
2,3
2,3
r.8
1.8
1.9
r.9
r.9
r.8
2,4
2,8

5.6
5,4

9.1
6.9

r0 .4
8,9
4,8
7,7
7.4
7,7
9. t-

9.9
7,7
7.6
9,0

9,7
8.0

8.8

9.0
1I. 5

0.6
L.0

2.4
0.8
2.4
2,L
0.8
0.9
r.3
L,7
1.9
2.2
2.3
L,7
2,2
2,2

1.6
1.9
2.3
2,4

9,7
9,9

L7 .4
L2,I
19.3
I7.B
L2.O

L4,2

L3.7
L3. g

17.3
I9. B

r5.4
14. 5

16. t
17. B

L4,2

]-7.6

L7 ,3
2I,8

I
I
4

1

4

4

2

t
2

3

4

4

4

3

4

4

3

3

4

5

.2

.9

.7

.5
,2

,2

.0

.6

.5

.3

,2

.5

.1

.5

.T

,I
.5
,7

,7

.2

0 .40
0.63

2.55
0. 57

2.38
2,L9
0, 68

0.63
0.95
L,24

I. 91

2,28

L.62

L,27

r. 6s

L.82

L,2L

1. 5r

1, 89

2,52
1.49 Mean
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Length
rt

h/idrh
wt

Length
Lf

htidrh
t^J

T
32

32

34

36

38

39

39

39

40

4I
4L

42

44

45

45

45

46

48

51

52

0.5
0.5
0.8
r.2
1.1
1.1

Q.9

L,2

r.1
I.3
r.0
1.3
L,2
1. l_

1.9
1.4
I.0
1.8
2,6
213

0 .0I
0 .0r
o,o2

0 .03
0.03

0 .03

0 ,02
0 .03
0 .03
o.bg
0 .02
0 ,03
0 .03
0.02
0 .04
0 .03
o,o2
0.04
0 .05
0.04
0.03 Mean

4,9
4"5

4.5

5.6
5.8
6,2

5.6
6,3
5.8
7,7
6.2
7,4
7,L
8,7
7,6
9*0

6,2

10.1
7.7

I0.9

1.0
0,8
0,9
1.5
1.0
r.8
r.0
r.0
r.5
2.L
1.3
r,5
T,2

1.0
2.0
2,0

L,2

2rg
2.o
3.0

5,6
5.6
5.0

6,7
6.9
7.9
7.0
7,6
6.7
7,7
6,2
7,4
7,L
9.3
8.9
9.6
8.9

Lr.0
I0. 9

10.9

L,,2

0.,9

1..0

L,7
L.0

1.8
r.0
L,4
1.3
r.8
1.I
1.9
L.4
L,7
2

I
.0

6

2

I
I
6

1

3

2

3

10.5
10.I
9.5

L2,3

L2,7
14.l
L2,6
13.9
L2,5
15.4
L2,4
14, B

L4,2
lB.0
I6. 5

18. 6

15. L

2T,L

18.6
2r. I

2,2
L.7
r.9
3.2
2,o
3.6
2,0
2.4
2,9
3.9
2,4
2,4
2,6
2,7
4.0
3.6
2,4
6.0

4,L
6.6

0.72
0.54
0. 53

r.09
0. 67

1.30
0.65
0 .85
0.87
L,46
o.72
0.84

0.84
I .08
L.4l
1.48
0.78
2,64

1.49
2 77
l.14 Mean
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)(Ir +L=) ( +t/ùr

29

39

39

40

4L

42

42

43

43

43

43

43

43

44

44

44

45

46

55

SL

0,4
0.9
0,7
1.3
L.7
r.l
1,3
L.2
I.3
L.1
1.6
0,7
1.0

I.I
0.5
1.0
1.6

r.5
2.L

0 .0I
o,o2
o,o2

0 .03
0 .04
0 ,03
0 .03
0 ,03
0 .03

0 .02
0 .04
o.o2
0 .02
0.02
0 .0I
o.o2
0.03

0.03
0 04

5.3

5.4
4,7
8.7
9,s
7,5
7.O

7,3
7.6
8.6
8.5
6,7
6.0
9.0
5.0

5,2

9^8

8.5

7.6

0r4

0.6
0.9
1.9
1-4
l-.1
1.0
I.0
L.2
1..5

1,6
0,9
L.2

r.0
0.8
L,2

L.2
L,7
r.8

5.3

5.8
6.5
8.7
8.0
8.5
7,8
7.3
7.6

10. B

8r5
8.4
7.O

8.2
6,3

8.4

8.5
8.6
9.8

I
t
I
I
I
I
I
I
l_

I
I
I
I
I
I
I
I

I
I
5

0

2

I
4

I
2

3

3

2

3

B

6

5

0.5
0.8

.0

10.5

LL,2
TL.2

L7,4
L7,5
16.0
14. g

14. 6

15.2

L9,4
17.0
I5. I
13 ,0
L7,2
11. 3

13.6

17 .0

L6,2
19. 6

0.9
L.4
r,9
3"7

2.5
2,6
2.0
2.2
2,3
2,9
2,7
2,L
2,5
2,3
2,o
2.5

3.0
3.3
3.3

0.33
0 .40
0.54
L,64
1.07
0.99
0.70
0.75
0.81
1. 3I
L.O7

o.74
0.75
0.89
0.5I
o.77

I.13
r. 16

1. 17
0.88 Mean
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45

45

45

46

46

47

48
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r.5
r.5
0.8
1.6
L.2
1.8
r.7
2,0
2.0
2,3
2,L
2"2

1.9
2,L
1.5
1.5
L.4
2.2

L.2

6.0
5.9
6.r
5.9
6.4
8"1
7.9
6.9
6.4
6.2
oo

5-8

9.0
8.9
3,2
8.6
8,7

9.3

9.0

L"2
0.9
L.4
r.4
I.1
T.4
L,2
L,2

-1.3

1. 51

L.7
r.3
0.9
0.9
1.1
0.8

7..L

7.0
1.8
6,8
5.9
9.4
8.9
7.8
7.4
7.6
B.g

7.6
9.0
B.g

4.I
r0.6
9.7

11. 3

7.3

r,4
0.7
l.r
r.8
L.2

13. t
L2,9
13.9

].2,7
L2,3

17, 5

16. I
L4,7
13.8
13. B

r8. I
L3,4
18.0

L7.8

7.3
L9,2

L7.4
20.6

16.3

2.2
2,4
2,5
I.6
2.4
212

3.0
3,4
2.6
2,9
3.2
2,6
2.9
3.0
3,2
2.7

r,6
2,o
2,9
2.0

0,77

0.85
0.85
0.56

0,74
0,64
r.22
t. 33

0.87
0. 9t
I .00
r.08
0.83
L,20

L.26
o.43

o.67
o,74

L.24
0 .65
0 89 lvlean

0.04
0 .04
o.o2

0.04
0.05
0.04
0.04
0.04
0 .04
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0.03
0 .03
0.04

0 .02

2

3

9

2

3

6

0

5

5

0

4

5

5

5

1

1

0

I
I
I
2

I
t
2

I
I
1

I

2

2

7

I
I
0

a
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Âppend.ix tJ

l,[eristic data record-ed- from 2) mal-es and. 2,

females collected. at Blythe Bore (locality 17)

on 27"XI.69.
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Appendix V

Statistical Reports of analyses

mad-e of certain physiological and

behavior:ral- observations "

-A.:lalyses carried o.d ty statistical-
consultants of the Department of
Statistics, University of Ad.elaid.e.



Section VI

BepoÆ. J: comiraring outlet temperat'ures of artesian bore

and. spring waters inhabited bJi g" ._er.g.g:s¿E. with those not
inhabited by 'che specj-es 

"

Original d.ata in table:- ¡b

Testi-ng ty of vari Òó

F 11 74.99_
31"o79'?

Poo]-ed. vari-ance ,

(tts ¿ +

2"2 (not signific ant)

52.48
1

9=2 r)¿
S p

20

Tes-Li¡g_çq'.ra].i-fi o:L _ae?Es "

tm-1

ConcJusion:

= O.69 (not significant).
"p

( + )

equal mean temperatures.

ta2*1

Ïnhabj-ted l,rlaters Un-i-nhabited r,,rlate rs
( excl-ud-ing J-ocalities
44-51 inclusive)

x1

14 "o7

5.83

70 "96

74.99

B "66

28.90

È
1

2 2

u1 ê
¿

xz

d"2

Hot lo from
rrn-inhabited

v2 25 "9

10 .3

2 r'l
)tz

24.6 anð, tO = 2,7-8 (not significant)

2s2

s2

2up



Report B: lesting whether there is significant d.ifference
between the critical thermar maxima means a¡rd. a significant
eorrelation between cri-tica]- thermal maxima and. botto¡c wate:r

temperatrlres record-ed. in February and, June, 1968, àt
Coward Springs Rail-way Bore (1oca1itV 34).
Origi:ral d-ata in table t- 33

c nt.mo values "

2s1
¿s1

= 2"56 (no'o significant)

2
1

+ 5 s2z) 1 "35

T3'3

2s p

sp = 1..15

t
3

(, s

j "nã(å,

6

ñ1 *z

+
= 1"91 (re mean differenee o

thermal maxìma value
at 5% tevel )

fn

ss
ritical
ignifiear\

e correlation

L
nz

Conclus betr,reen crit ical thermal maxima

and. bottom water temperatu.re:- There is a simpJ-e li-near
correlation of o "77 bet'¡r-een critical- thermal maxlma and_

bottom water temperature.

Comment : cannot associate too much Itcause-and-effeetri fron
cor::eration between botton water tenperatuy'e and. criti_cal
tlrernal- maxima because there may be a 1rd. factor influenci_ng
brth.

= 40.8

= 1.92

= 1"39

*1

s
1

2

*1

February

-x2

"2

"2

16.'c
o "75

o. g6

?

.Tune



Section VIII.
Report c: comparing m¡mbers of tubifex eaten in 1Íght and.

ilark, Orj-ginal data in Table 6O
Assuming no d.ifferences exist betr,reen the groups used,

^X2 test of homogeneity r,ras pez'formed on the total numbers

of tubifex consumed. und.er the different condi_tions. b X2
value of O.O5 on 1 d-.f was obtained and f 'd_.ï lras obtained and since n"iXr. > O"O5

s 0.82, the hypothesis that eo, a1 proportions were consr:med

wab accepted.r

Repo,rt D: conparing number of u-ve and- clead tubifex worns,
both rrnder il-rrmination. original data in Tabre - 6l
Iolith the same assumption as in report c and. using the same

test, I *

I
L

¿

value of 6"9 on 1 d..f " was obtained. Since
-ì

6"90 f + O, the hypothesis that equal proportio:xPT >/

of live and d.ead tubifex were consrmed was rejected..

Report-E: comparing mrmber of live tubifex eaten under
il-h-mination with nrulber of clead tubifex eaten in darkness,
OrigÍrlal- d.ata j-n Tabte bZ

Proceeding as in Reports c and. D, uXz varue of l,gg on 1 d
was obtained " Since ,r ið.', >
that equal proportions 'rere cons*med. lras accepted.

*Çpnm-e-n!: o: the data presented. there is no way to compare

dead- iubifex and i-lhmination rrrith ].ive tubifex and darkness,



Report tr': comparing nu¡nber of approaches to control and.

Ímpregnated (with macerated tubifex f1uid.) swabs. original
d.ata in Table b4
h this analysis two assr.mptions have been made:_

(t ) -that an individual subject moved. independ.ently of theother subjects.
(z) that in ord-inary_ circumstances the subjects movedrandomly about the tank"

Assuming the hypothesis of no dÍfference between swabs and_

no d.ifferenee betv¡'een rta?r and. ?rblr trials , ^ X.2 test with
equal margi-nal probabilities was performed, A highly
significant value of 116.34 on 7 d..f , T/rras obtained,
ind.icating a rejection of the hypothesis. ,.fhen divided
into components for triars, swabs ano independ.ence, componel

of 92.461 27-67 and 0"21 ïrere obtained, each on 1 d"f. Thi¡
ind.icates that the single factor segregation for both trials
and- svrabs are not in equal proportions as hypothesised.,

S.qppJtt-GJ comparing time spent in right and. dark by
vision-intact and. bl-ind subjects. original data in Table 5-
ïn the analysis the sane two assrmptions in Report F r^rere

mad.e.

since the d.ata ind icates an effect d.ue to tri_als, a paired
t=test was used. on the 5 sets of ltpresencesr recorded.

und.er the heading I'in lightfl viz.
(*1 , yr ) = (59, 1B), (x2, yz) = 44, 15), (*7, v) = :J5, 4),
(x4, y+) = (14, 7), (xI, y) = (17, +).
hrterpreting these pairs to be relative measures of the
time spent in the ilruminated area by the two types of



subjects, the test Tüas nolr for equ-al mean times,
Values calcu-l-ated. v¡ere d - 19"8 where d,, = *1 - X1

Sd. = 10.32

t4 - 4"28 (sierrificant at 5/, tevel-)
consequently the hypothesis of equal meaiÌ tines wourd_ not
be supported ?¡y this data.

Report H: comparing time spent over bl-ack andyellow
backgrorrnd.s. Original data in TabJ-e 6b
rn thj-s anarysis the s ame t'¡¡o a.ssumpti ons in R.eport F were

mad.e.

tA ï - test assu-ning equal triroportions in each colour
categoz'y rras performed giving a value of 3.g5 on 1 d.f .

f^l
Since PrÅLt , Þ 7 "a3 I - O. 05 , the hypothesis r¡ou_t_d. be

L)
accepted..

Repq.Ë1le comparing time spent over different mcc¿irrms.

Original daia in Table b8

fn this analysis the sa.me two assrmptions in Report F

j/¡ere nad.e.

Ã X2 'cest assu:ling eo,ual propoz.'uions was perf ormed- giving
a value of 19"14 on j d..f. and conseoluently the hypothesis
r¡¡ou-l-c] be re jccted since ,"{ *', >L'J
Repgrtl: comparing mearL response times of vision-intact
and blind fish to effec'c colour change r,rhen ,cransferred from
black to i,¡hite backgror.rnds. original d-ata. in Table ?l



Mea¡r reactj-on time (ff )

Stand.ard Devi¿tion (s, )

Mr:mber (n1 )

Reaction of:

5.9O

2.O',|

5

1 0.20

6 "87

5

Bli-nd.Vision fntact

Using F - test for equality of variances
2S,

F = + = Æ = 0.091 (significant at 5%reve-),2' (6 .87 )2

Testing equality of mea:rs using cochrans approxi-:nation

to FÍsher-Behrans test

1 "53 (not significant) on 4 degrees of

freed-om"

ReJ¡grt K: comparing neaJl respolr.se tiroes of vision-intact
and. blind. fish to effect colour cha.:rge when transferred frou
white to black backgrorrnd.s " Origi-nal d.ata in Tabre -Jl

Itfean reaction tine Ë,

Standard. devi-ation

Number

Reaction of:

6.7

1 "20

5

Vision fntact

18.90

7 "15

5

B1ind.

(t .z)2
F - ra.tio is fffi = 0.028 (sisnificant at 5/" LeveL)

Usi-ng the same method. as above, t = 3.76 (significant at
5%) on + degrees of freed.on.

I
x

+u'1

*2

*1t1

t
l

J

2sz



Répofb_!; Conparing trapping corrnts according to h.rnar

phases. Original d-ata in tables lb and. -1-l

Än analysis of variance l,ü'as perfo:med. on the combined d.ata

from tr^trobna. Spri¡gs (local-ity 55) and. Johnsonts No. 5 Bore

(Iocal-iì;y 24). This combination was possible because the

varlances estimated separa'cely from the tr¡o locatities were

not significantly d.ifferent "

The Anal-ysis of Variances table obtained_ t¡a.s:-

o "2+

7.87+

o.38

* Iliglefy signi-ficant va.rj-ance

The pooled. estimate of the stand.ard C,.eviation is 77 "29 "

The only significant difference occrl-rs betv,reen the phases

at Johnsonrs No. J Bore (locality 24)" This significanee
j.s accoulted, for by the neïr moon observations, nhose meafi.

j-s more t}:¿.n 5 s.c1.rs larger than the next highest mearL.

However reservations should be hel-d. about the resui-ts since

the new moou- d.ata eomprises two observations on1y"

\m.

Johnsonrs lto " J Bore
(l-ocal-ity 24) versus TÍobna
Spri-ng (]-oca]-itr 35)
Within Joh:sonrs No. J Bore
(Ioca]-i-ty 24)
[üithin lüobna Spz'j-ng
(l-ocalitv 15)
Resi-d.ua]-

Source SS

1 464.2

1 +1 155 .4

6728 "2

149547 "B

DT'

47051 "79

1 46+ "2

5973 "91

2242.77

1

25

3

5

MS
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