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ABSTRACT.

The life history of the water-bug, Corixa germari (Fieb.)

was studied quantitatively in a Derbyshire reservoir and observations

on the biology of the species were also made.

The eggs of C.germari are firmly attached to stones and are
laid chiefly on the undersides or in crevices. The oviposition
rate and egg mortality during 1958 were estimated by direct counts of
eggs in the field, the abundance of the adults and nymphs was
measured in terms of a Standard Net Sweep and the number of eggs laid

per female per season was calculated from these data.

By means of these methods, it was found that in 1958 the
breeding;%dults gave mean catches of 10 per Standard Net Sweep
(43% of tﬁe adults were females) and that these adults produced
916 eggs. About 530 hatched and, of the nymphs produced, about
80 survived to become adults in the autumn. About 20 of these
survived to breed in 1959. Estimates of the density of eggs
laid per m® of substratum in 1958 show that the catch per Standard
Net Sweep represents about 1/38 of the number of C.germari per m2

of substratum.

By weighing the various stages in the life history it was
shown that the standing crop of C.germari gives a biomass value of
about 20 g. dry weight per m2 of substratum in the autumn. This is

the highest value reached in the course of the season..

C.germari has been shown to live at greater depths than

most other British species and this may be a means of avoiding the



the effects of wave action. Its ability to exploit deep water is
coupled with the fact that it visits the surface: less often and

swims more rapidly than certain shallow water species.
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SECTION A.

INTRODUCTION AND GENERAL.



I. INTRODUCTION.

Of our present knowledge of the Corixidae the parts of most
direct interest to the ecologist can be grouped under four main
headings :-

i) The building up of systems of county or vice-county

records for the British species. A county distribution of Corixidae

in England together with lists for the whole of Scotland and the
whole of Ireland are given by Bedwell and Massee (1945),

Massee (1946) and Massee (1955). Leston (1958) has produced vice-
county lists for Ireland. This work provides a picture of the
geographical distfibutiamof some of the species, but does not
nefiessarily give much insight into the ecological factors influencing
the distribution of the species. It is possible for such lists

to be misleading, for, as Macan and Worthington (1951) poigt out,
differences in the intensity of collecting in different parts of

the country may distort the picture given by the records. Macan (19545
makes the further point that in compiling distribution maps a single
speéimen of -a—sinple-specinen—of a species from a particular
vice~county carries just as much weight as a large nﬁmber of
individuals of some other species. Thus in a well-worked area a
species may be regarded as present on the basis of a single stray
specimen whilst being regarded as absent from a little-studied

area: where it is, in fact, quite common if looked for in the right

places,

Another difficulty in compiling or interpreting such

distribution lists is that, if the records of only a few collectors

are used, then the available data are 1li ] to be too scanty to give
Q“%\“«‘:G‘ENGE H@/”
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an adequate picture of the distribution of the species
concerned. The alternative methqd of using the results of
as many collectors as possible gives rise to the danger of
including in such lists data based on material that has not
been determined by a competent taxonomist (Macan and

Worthington 1951).

(ii) Detailed work on particular aspects of the

biology of the Corixidae. These studies are usually based on one

or more of the commoner lowland species. Examples are the work

of Larsen (1938) on reproduction, Sutton (1951-52) on food and
feeding and of Popham (1941 - 1958) on. a variety of subjects
including background selection and dispersion by flight.

A background of general information on the distribution and
biology of a species is usually necessary before it is possible

to see the relevance of any particular biological peculiarities

of that species to its life and habitat. Hence it is difficult to
see the ecological implications of information on particular
aspects of»Corixid biology because it is not possible to synthesise
the results of a number of different workers on various species

in such a way as to obtain a reasonably complete picture of the

biology and ecology of any particular species.

(1ii) Classification of the types of habitats occupied

by each species and study of the associatiom of species. This

approach has been used by a number of workers, but most extensively

by Macan. = His work in this field is largely summarised by

a
Macan (l95ﬁ) where a large number of samples from all parts of



Britaiﬁ are analysed and the general habitat types occupied by

most of the species are described. He has also obtained a measure

of the tendency afor certain species to be associated together in
similar habitats.‘ According to Macan, one of the major factors
influencing the distribution of the varioﬁs species appears to be

the proportion of organic matter in the substratum. Complementary

to these investigations is the work of Popham (1941, 1943) who showed
that each corixid species tends to have a characteristic colour
range and that Corixidae tend to select a background matching their
own colour shade. He points out that, in general, the colour shade

of the substratum is determined by its content of organic material.

Thus, from the work of Macan and Popham, we have a general
description of the distribution of the corixid species on an
ecblogical level and a possible mechanism whereby this distribtion
is maintained. It is, however, necessary to make more detailed
study of this subject in order to obtain further information about
the r8le of each species in its habitats and the adaptations shown

by each species to its own particular type of environment.

(iv) Detailed investigations of the life histories and

distributions of individual species. The most thorough study of

this type is Griffith (1945) on the American species,

Rhamphocorixa acuminata Uhler, although it gives little information

about abundance or fluctuations in abundance. Nevertheless it seems
likely that surveys of this type wili lead to a much clearer
understanding of the ecology of particular species of Corixidae than

will be given by studies of a more general nature.

To undérstand the reasons for the distribution and abundance

3.



of corixid species and the importance of each species in the
habitats it occupies, quantitative studies of the life histories
of individual species under field conditions should be made.
These field observations and corctusions should be backed,
wherever possible, by laboratory and field experiments. Thus

it should be ultimately possible to obtain a quantitative picture
of the relationships of each species to its physical and biotic
environments. As far as possible, this approach has been

followed in the present work, but only for a single species.

The aims of the present study have been twofold. First
to obtain information on the distribution and abundance of a single

species, Corixa germari (Fieb), within a single water body and to

relate this to the conditiogs in the different parts of the water
body. At the same time information has been accumulated about the
biology and behavipur of the species. Secondly, to obtain estimates
of the abundance of the various stages of C.germari throughout the
year in one fairly uniform part of the water body and hence to find
the mortality of each stage and, as far as possible, to list the
agencies respons ible fpr the mortality. By weighing samples of each
stage the abundance data can then be converted into biomasses which
give a rough idea of the quantities of energy involved. It is also
important to know the nature and quantities of food taken by
Corixidae, but this is an extremely time;consumihg study and beyond

the scope: of the present investigation.

A series of corixid samples from Pennine water bodies has
been analysed and the ecological distributions of C.germari and the
other species collected have been compared and contrasted. Finally,

4,



an attempt has been made to relate certain biological peculiarities

of C.germari to the type of environment which it occupies.

5.



II. THE STUDY AREA.

Most of the field work was done at the Barbrock,
Little Barbrook and Ramsley reservoirs and at a. small peat pool,
.which are owned by the North East Derbyshire Joint Water Committee
and situated about 8 miles (128 Km.) South West of Sjeffield
(Nat. grid referemcess 111/278771, 111/276762, 111/286747 and
111/267775 respectively). The catchment area congists of |
1,032 acres (413 ha.) of mixed heather moor and Eriophorum
bog overlying alternate bands of sandstone and shale. The mean
annual rainfall on the area, based on 44 years readings, is
35.6 in. (904 mm). The system of water flow between the reservoirs
and the treatment given to the water are shown in Figure 1.
Monthly chemical analyses of the water in Barbroock reservoir have
been taken from the records of the Water Committee and are
shown in Table 1. These analyses show the very low base status
of the water and aiso the very low pH values which reflect the low
base status and the presence of sulphuric acid as a result of

atmospheric pollution.



THE SYSTEM OF WATER FLOW AND TREATMENT IN

THE_STUDY AREA.

Main inflow from NW.
via Bar brook.

Inflow from W. : l

N\

Intlow from N.E.

Barbrook Res. !

.-—— -— Overtiow.

Treatment with atum
and lime.

| e Flitration.

Chiorination.

™~

Mains
supply.

Little
Barbrook
Res.

Inflow from W, —>

T [Ramsley Res. /

Overtflow. .
Overfiow.

Figure,l.



*UOTTTTIW Jdod 3a8d U GUOTIVIFUROUOD

Butaoysfatoatesed jooaqaeg uwodlj serduee Jo3Ba JO

sosfvuw TWOTLRYD °Y°*FIAVL

8L gz | s2]o |get] OT]| O o Tt 20| gL QL-C ‘L8°T1°08
STeT | S2 | 8310 |geT] x| 0 0 ot-| 22+| 99 08¢ *LS°6°S8
6T | Oc | O | O |geT ] TT}{ O 0 9Te| TCe| 99 g8e¢ ‘L8°8°88
96 sg | sz |0 |3 gt} o o] GOs| QL oL 98¢ ‘LSLTTS
LB gz | g2 | 0 | ¥ gt | o 0 LOe| 2%+ | ¢4 08.¢ ‘us*Lee
88- 02 | o2 |0 |2 It | o 0 90«| %T+| 98 OT+¥% *LS°9°S
28« S2 | s2 | 0 |®e gt | o 0 LOs| LO- 0L g8-¢ *LS°S°T
28- sz | sz |0 |e6. It | o 0 80+| 80+ 77 g8+ *LS°CLe
G6 - s2 | s2 |0 9T |oT | O 0 80¢| OT+| Ou g8.¢ *LS*2°L2
Yl oz |02 |0 |seT|OT | O 0 oT+| #T*| Ou 08-¢ ‘LS T 0¢
00T | S2 | 82 [0 |12 | & (o] 0 90«| 12| Ou4 g8-¢ *us°12
sle g || E|BIE|E|8)F |9 " ~033q
m. o W L= (1] ] 2] o] m [ o
. - O [ e} [e] .0  oud
2 |2 |2 1212 |85 58|
W =] e ] [J [ = =] o =3 o
" I L} o . e —
g o s le&| =] 5 | &
& B m. > o o g |l %
@ m g | g 2|2 4§ 5 | 5
. o, ct (34 [} [ J [l
[+ ] [ e ] e ] =} [}
7] @ [ ® - - [ a
@ @ =] ot lad » m
. . @ o . »
S . . m (.4
g bk
. (=]
F o
. o
[+
¢




III. BARBROOK RESERVOIR - GENERAL DESCRIPTION, CLIMATE,

SAMPLING STATIONS, AND SEASONAL CHANGES IN VEGETATION,

Barbrook reservoir has an area of 32 acres (12°9 ha)
and a:maximum depth of 27 ft. (8:2 m.). The top water level
is 1,072 ft. (326°8 m.) above sea level and water is drawn off
at the 1,065 ft. (324+6 m.), 1,058 ft. (322.6 m.) and 1,051 ft.
(320°3 m.) levels. The reservoir is in a very exposed position
and its shores are subject to considerable wave action on windy

v

days.

Where they do not correspond to a d%}nite landmark
on the resérvoir margin the sampling stations are each ddfined
in terms of their distance, measured in a cldckwise direction
round the reservoir margin, from one of six fixed points
A, B, C, D, E and F, Thus any point on the reservoir margin
can be defined by quoting a prefix letter denoting an adjacent
fixedi point and a number showing its distance, in yards, from
that fixed point,. ‘Where the number is positive the distance is
measured in a clockwise direction round the reservoir edge and where
the.number is negativé the measurement is made in an anti-clockwise
direction. The fixed points and the regular sampling stations

are shown on Figure 2.

The aquatic macrofléra consists of two species,

Glyceria fluitans (L) and Juncus bulbosus L. aggregate. The

distribution of these two plants is shown in Figure 2 and the
density of the symbols representing each species gives a rough idea
of the relative densities of: the two species in different parts of

the reservoir.



|

Bar brook

Eflciyceria fuitans. T

Juncus bulbosue agg.

IF ' .I. F
Draw- off FI10 |
Overtlow

!

SAMPLING . STATIONS ON BARBROOK RESERVOIR.

Figure.2,



On each visit to Barbrook reservoir during 1958 and
on a few occasions during 195? the temperature of the water was
measured at station A200 with a mercury thermometer held just
below the water surface. The results are: shown in Figure 3.
Occasional measurements of the temperature of water samples from
10 and 20 depths showed that thé water temﬁerature at those
depths was the same as that at the surface, except when the water
temperature was only a few degrees above freezing point. At such
times the temperaturesat 1°0 m. (3 ft.) to 2.0 m. (6 ft.) depths

were a little higher than the surface temperature.

Daily records of the water level in the reservoir are
kept by the North Fast Derbyshire Joint Water Committee and the
water level data used in this work have been abstracted from
fhese records. Figure 4 . shows the mean water levels for
seven~-day periods during 1957 expressed in terms of the distance
of the water level above (positive values) and below (negative
values) the "top water level", Similar data for 1958 are shown
in Figure 4 B; For comparison, the mean valhes for the ten years
1949 to 1958 are shown in Figure 4C. The latter data show that the
ggneral tendency is for the water level to bé close to top water
letel during the first six monthé df the year and then to fall
about 1.0 m, by September or October after which it begins to

rise again.

It must be noted that these conclusions are based on mean
valuesiand that, in fact, there is considerable variation in water
level patterns between years. It is nevertheless true to say that
, the extremely low levels recorded between May and mid-September

1957 wére exceptional and that the absence of any marked fall-off
Q



WATER TEMPERATURES (N BARBROOK RESERVOIR.

Mar. Apr. May. e, Jty.
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Figure.4, Water levels in Barbrook reservoir.

Top water level is taken as zero.




in level during the summer and early autumn of 1958 was rather

unusual.,

During 1958 the wind direction was noted each time
the réservoir was visited and the wind speed was estimated
by reference to the Beaufort wind scale. The results are shown
in Téble 2. These data are particularly important becausd the
wind can cause considdrable wave action on Barbrook reservoir
and this, as will be seen later, has marked effects on the
Corixidae. Photograplis 1 and 2 show the wave action on shore
section A100 to A200 on 22, 5. 59 when the wind was blowing from
the N.E. at about 20 m.p.h. (32 Km.p.h.) and photograph 3 shows
similar conditions in April 1958; On some occasions waves of
up to 0-5 m, (1.5 ft.) in height from trough to crest have been

ohserved on Barbrook reservoir.

The mode of construction of the walls at various points
on the reservoir margin is shown in Figure 5. The values at each
station of the dimensions shown as "a" and "b" in Figure 5 are given
in Table 3, together with the distances from the water's edge at
which the water depth reaches 1:0 m. (3 ft.), 2.0 m. (6 ft.] and
3°0 m. (9 £t.) (or in some cases 0°5 m. and 0:75 m.) at each station.
The nature of the substratum at the various stations is illustrated
in a series of photographs taken on 5.5.57 and !12.6.57 when the
water level was 175 in. (44 cm.) and 625 in, (150 cm) respeétively,
below top water level, thus exposing those parts of the substratum
frdm which samples were normally taken. Other photographs, taken
at times when the water level was near to top water level show some

of the stations as they are more usually seen.

9.



Date, Direction. Speed. Date. Direction. Speed.
(m.p.h.) {mep.h,)

20,1.58 WNW 2 22,5.58 SSW 2-5
5,3.58 WSW 21-35 23.5.58 Ssw 2-10
25.3.58 NW ? X 28.5.58 SE-NW 0-10
27.3.58 NNW ? 29.5.58 S 2-5
28,3.58 S 10 X 5.6.58 S-SE 2.5

X 1.4.58 E 15-20 | X 6.6.58 E 5-15

X 2.4,58 SE 5-10 9,6,58 NW 0-2

X 10.4,.58 NE 15-27 | X 11.6.58 E 2-5

X 11,.4,58 NE 15-27 12.6,.58 NW 0-2
15.4.58 WNW 10-27 19.6.58 SSW 5=10
16.4.58 WNW 10-21 | X 20.6.58 N 2-10
17.4.58 w3w 510 X 23.6.58 W-NW 0-5
23.4.58 S 5-10 X 25.6.58 3-9E 2-10
24,4,58 Ssw 5-10 26.6.58 s 2-6
25,4.58 SW 10-21 |[x 3.7.58 NE 2-5
30.4.58 WNW 0-2 X 4.7.58 N 2
1.5.58 SW 0-2 8.7.58 S-NW 0-2
8.5.58 SW 10-21 9.7.58 SW 2-8
9.5.58 SW 2-15 10.7.58 W 2-8
14.5.58 sw 2-10 17.7.58 W 2-10
15.5.58 s 0-2 18.7.58 sw 2-6
TABLE.2. (Part.l.).




. Date. Direction. Speed. Date. Direction. Speed.
(m.p.h.) (m.p.h.)
22,7.58 SW 2-5 13.9.58 SE 0-5
24,7.58 L} 2-5 16.9.58 NE 6-10
31.7.58 W 2-10 17.9.58 S 5-10
1.8.58 W 5-15 18.9.58 S 2-5
4,8,58 W 10-21 25.9.58 WNW 27
6.8.58 W -5=10 26.9.58 WNW 0-2
7.8.58 WS W 2-5 29.9.58 SSW 10-21
14.8.58 WNW 5-10 1.10.58 S-SE 5-15
15.8.58 SW 5-15 2,10.58 SW 5-10
18.8.58 NE 5-15 8.10.58 SW 10-15
19.8.58 SW 2-5 9,10,.58 WSW 10
20.8.58 3w 0-2 10.10.58  SW 10-16
21.8.58 SW 0-2 11.10.58  SW 5-10
28,8,58 S 0-2 13.10.58 W 15-21
29.8.58 S 2-5 14,10.58 . W 15-21
X 1.9.58 SE 2-10 15.10.58 . WNW 27-35
X 2.9.58 E 0-5 16.10.58  WNW 27-36
X 3.9.58 E 5-10 17.10.58  NW 27-35
X 4.9.58 ENE 2-10 20.10.58  WNW 15-21
X 11.9.58 NE 2.5 23.10.68  SW 0-6
12.9.58 SE 0-2 4,11.58 - 0

TABLE.2, Wind speed and direction at Barbrook reservoir during 1858,

observed on section Al00 to A300,

X denotes dates on which appreciable wave action was












Shore profiles tor Barbrook Reservoir.

EBLarge stones hewn
to shape.

&P Smaller irregular *

stones.

Sand.

A 25 to A300.

Tower and A-10.

o DSO to E.




Station.| "a" op° O+5me | O*75m.| 1eOm. | 2°Om. 30m.
(metres) | (metres)

E130 *25 385 5e4 69 170

P-10 *20 726 9e3 127 21e5

P10 215 1+80 3.8 68 23¢6

Tower 320 10470 3.3 67 10+0

A-10 70 2435 3e4 147 24+

A2B *30 170 1+8 247 24+

A100 180 5000 3s1  |15e1 240

A150 2450 650 2.8 4.9 127

A200 2060 6270 2e5 4.8 6e5

A250 2480 6°30 2+4 4e1 53

A300 170 500 26 746 1040

A350 0 0 24+

B60 9e7 1502

B70 4¢3 9e4

c-20 67 121

Delta 5.8 | 146 L

TABLE.3. Values of dimensions "a" and "b" for Figure.4. and distances

from the water's edge of the 0¢5m.,0¢75m.,1*0m.,2°Om,,and

3+0m,,depth contours in Barbrook reservoir.Measurements

made on August 18th.and 19th.1958 when the water was 0O<2m.

above top water level.




The shoreline of the reservoir can be conveniently
divided into five fairly uniform sections, each of wWiich contains
one or more regular sampling stations. Each of these sections
is describedwbeiow and at the same time any marked differences

between individual stations within the same section are indicated.

(4)Y E130 to A - 10

The shore profiles for this region of the reservoir
are represented on Figure 5 and Photographs 4, 5 and 6 illustrate
the construction of the walls from large blocks of sandstone hewn
to a cuboidal shape. Below the stone wall there is a gently sloping
bottom of sand with occasional tufts of J. bulbosus agg. in the
region between E 130 and F and a dense growth of the same species

at A =10,

(Gi%) A 100 to A 300

These stations are situated on a bank of irregular
loose stones which slopes steeply down into water of 2¢0 to 3.0 m.
(6 to 9 ft.) depth (Photographs 7 and 8),below which there is a
gently sloping sandy bottom. All these stations are sheltered
from the prevailing south and west winds by an embankment of clay,
stone and peat which extends two or three metres above the top

water level.

(1ii) B 10 to C =20

Stations on a gently sloping sandy shore with a
few stones and a relatively thick growth of J.bulbosus agg. amongst
which peaty debris accumulates to a depth of about 1 em. (*25 in.)
in some places (Photograph 9). When the water is up to top water

level the water's edge is fringed by tussocks of Juncus effusus.lL.

10,















which can be seen in the background of photograph 9.

(iv) "Delta'.
This station comprises the region at which
Bar brook: enters the reservoir. It is an area of still
water up to i‘O m, (3 ft.) deep with a dense growth of

Glyceria fluitans_fringed by J.effusus (Photograph 10).

Mud ang plant fragments cover the bottom to a depth of up to

20 cm. (8 in.).

(v) D 50 to .

The shore profile of these stations is shown
in Figure 5%, There is a vertical wall éf stones built in the
manner of a dry stone wall and at the base of this there is a
horizontal flange of similar construction. ‘Beyondithis flange
there;is a gently ﬁlapigg sandy bottom with occasional stones

and a sparse growth of J.bulbosus agg. (Photographs 11 and 12).

The Glyceria at station "Delta" forms a fairly dense
stand of vegetation throughout the year but is particularly dense
durigg the summer months andtends to die back during the winter.
When growing below the water, thelJ.bulbosus agg. forms slender
pale-green leaves up to 0°5 m. (1°S ft.) long and is thinned out
each autumn and winter when severe wave action causes some of the
leaves ﬁnd, in some cases, whole portions of the rootstock of
the plant to be torn up and washed ashore. If at any time the
J.bulbosus agg. is exposed above the water level, as during the
drought of 1957, the long thin leaves die back and are replaced
by shorter, stoﬁfér leaves of a darker colour. The plant may then
flowe;; When :esubmerged the short leaves are replaced by long

1l.












pale ones, During the May to October period the filamentous

green alga Microspora sp. forms loose mats amongst the vegetation
to

at "Delta" and B to C -20 and/a lesser extent amongst the stones

at stations A 25 to A 350,

12.



IV LITTLE BARBROOK RESERVOIR -

Little Barbrook reservoir occupies about 3 acres (1°2 ha.)
and has a maxiﬁum depth of about 12 ft. (4°0 m.)., The reservoir
is bounded on three sides by steeply sloping stone walls but these
are mainly covered by from 1 to 5 cm. (;25 t02'0 in.) of mud and the
.bottom is of mud with occasional patches of mnd. Most of the

margin is covered by a dense growth of G.fluitans with occasional

patches of J.bulbosus agg.

13.



V. RAMSLEY RESERVOIR.

The Ramsley reservoir has an area of 9 acres (3°6 ha).
It is bounded on all sides: by stone walls sloping steeply down
into 1°0 (3 ft.) to 1°5 m. (4.5 ft.) of water. The bottom is
of sand with no noticeable accumulation of mud. The only plant
fragments present are the leaves which fall into the water from a

few Salix atrocinerea Brot. bushes which grow near the reservoir

margin. At the north east corner of the reservoir there is a
drainage channel about 3 m. (9 ft.) wide and up to 0°75 m. (2 ft.)
deep through which a little water drains into the reservoir from
the surrounding moorland. In this channel there is an accumul-
ation of mud, peat and plant debris and a dense gr%&h of |

Potomogeton natans.L., G,fluitans, and Callitriche L. sp.

14,



Vi, THE DUCKPOOL ON BIG MOOR.

The Duckpool isla typical peat pool, about 15 m. in
diameter and up to 0@25m. (2 ft.) deep. It is situated on an
Eriophorum bog about l/2 mile (0+8 Km.) north west of Barbrook
reservoir, The pool is surrounded by a fringe of J.effusus
(Photograph 13). The bottom is of peat littered with dead

J.effusus fragments, and the water is heavily peat stained.

15.






VII. SAMPLING METHODS.

(1) Selection of a suitable sampling locality.

The choice of a éuitable water body from which to take
samples is of critical importance in a study of thiis type. A number
of criteria must be considered in making the selection. These
are outlined below and they are also applied td Barbrook reservoir,
which, in the present work, was considered to be a suitable sampling
locality for a quantitative survey of the life history of

Corixa germari (Fieb.)

(a) The water body should be sufficiently large for a
suitable number of samples to be taken from it at regular infervals
without serious depletion of the animals as a result of gampling.
At the same time it should not be so large that difficulty is
experienced in sampling all the sampling stations within a single

day. Barbrook reservoir was found to fulfil these requirements.

(b) The water body stullied should be readily divisible
into a few apparently uniform sampling sections so that it will be
statistically valid to combine sample data from within each section.
As seen in the description of the sampling stations, the shoreline
of Barbrook reservqir can be divided into four long and comparatively
uniform sections (E 130 to A =10, A 100 to A 300, B 10 to C -20 and
D 50 to E) together with a few small miscellaneous regions

exemplified by stations Delta, B -1 and A 25.

(¢) Corixidae should be abundant in the sampling locality,

so that a relatively large catch per sample unit can be obtained

for a relatively small expenditure of time and effort. Prelimimry
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netting at Barbrook reservoir during the summer and early autumn
of 1954 showed that corixids were abundant in the reservoir and

were very abundant on section A 100 to A 300.

(d) The eggs and nymphs of the Corixidae are not
readily identifiable. It is therefore desirable that the samples
of adults should consist almost entirely of a single species,
so that only a small inaccuracy is involved in assuming that
all the nymphs and eggs taken belong to that species. About
95% of the adult Corixidae taken by random netting in all parts
of Barbrook reservoir during 1954 were C.germari and this suggested
that it would be reasonable to assume that almost all the eggs
and nymphs collected from the reservoir would belong to this

species.

(e) Seasonal changes in the density of submerged
vegetation can be considerable in some water bodies and such changes
may cause variation in the efficienc& of the net sampling as a
result anggaz changes in the ease with which the net can be moved
through the vegetation and variation in the amount of net clogging
caused by pieces of plant material. This effect is minimised on
sections A 100 to A 300, E 130 to A -lohand D50 to E of Barbrook
reservoir because of the negligible quantities of vegetation found
there.

(f) The water body studied should have as stable a
water level as possible and should suffer a minimum of human

interference, so that the interpretation of the data obtained will

not be unnecessarily complicated by large but short-term disturbances

17.



of the environment. Barbrook reservoir is situated on private
land and is therefore fairly safe from interference by the general
public. The water is not treated in any way until after it has
left the reservoir, &o that the chemical composition of the water
does not suffer any unnatural variation. In general the water
level does not rise more than about 0°7 m (2 ft.) above top water

level and it rarely falls more than about 2°0 m (6 ft.) below that

level.

Thus it can be seen that Barbrook reservoir meets most of
the conditions required for efficient and meaningful sampling. It
has the added advantages of having a relatively simple fauna and
flora and of having as its commonest corixid species C.germari, a

species about whose life-history and ecology very little is known.

(2) Net Sampling.

Two main methods of measuring the abundance of corixids
with a ﬁet have been used by previous workers. Popham (1949)
mentions the method used by E.S. Brown in which the number of
individuals taken after 30 minutes' collecting is recorded. The
value of any method of estimating corixid abundance, however,
dependé of its usefulness in the comparison of abundance between
different water bodies, between different parts of the mme
water body or at the same place on different dates. It is therefore
essential that the results obtained shall be amenable to statistical
analysis. In order to use Brown's catch/time method in this way
it is essential that an adequate number of samples be taken and
this means that the time interval used as a sampling unit must be

fairly short. This gives rise to difficulties in accurate

18.



measurement of the time interval used. 1In addition, this method
does not allow for changes in the working efficiency of the
biologist as a result of various climatic effects. Thus, though
this method may be adequate for the purpose for which it has so
far been used (i.e. rough comparisons of the relative abundances
of a number of species between fairly large numpers of water

bodies), it is not suitable for work of a more exact nature.

Popham (1943a) egtimated the abundance of Corixidae in
different depths of water by making 20 standard net sweeps at each
depth and counting the total number of individuals at each depth.
This technique, because it measures the abundance in terms of the
"catch per uﬁit of work done" rather than the "catch per unit of
time taken", cuts down the error due to variation in working
efficiency of the biologist. Also, if the catches from the single
net sweeps are counted separately, the data can be treated statist-

ically. This method has therefore been used in the present work.

In defining the Standardi Net Sweep used, reference must be
made to Figure 6 which represents a verticdsection through the
water in a plane paraliel to the water's edge. An ordinary hand
pond net was used. The net entered the water at A withvits mouth
pointing towards D. It was lowered gently until it juét touched
the bottom at B. From this positiom the actual net sweep began
and the net traced the path B, C, D, B, A, C, D, B, A with the net
mouth facing towards the direction of travel. On reaching A for
the last time, the net was lifted from the water, As far as possible,

the speed at which the net travelled was kept constant for all the

19.
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Standard Net Sweeps. Unless it is otherwise stated, all
subsequent references to a Standard Net Sweep (or S.N.S.) in

this worqwill,refer to a standard net sweep as just defined.

For sampling the adults a circular-mouthed net with
a mouth of I4 in. (35¢5 cm.) diameter and nylon netting with
15 meshes per in. (6 meshes per cm.) on a pole 5°S ft. (1.8 m.)
long was found the most satisfactory and the S.N.S. made with
such a net has been used as a standard unit in which to express
the results obtained by sampling with other types of net and by
direct cougting of the eggs. Thus the relative abundance of

all stages in the life history can be compared.

In order to select a suitable mesh size for sampling
the hymphs of C.germari it was necessary to obtain some idea of
the ability of each nymphal instar to escape through netting of
different mesh sizes. The need for this is clearly illustrated
by Macan's (1958) comparison of the catches of Ephemeroptera
nymphs in fine and coarse meshed nets, which will be referred to
below. Three types of netting were therefore used in a laboratory
experiment and, for convenience, these have been referred to as
"coarse mesh'", '"trap mesh" and "fine mesh'. The holes in the trap
mesh and the coarse mesh netting were roughly elliptical and the
largest and smallest dimensions of each of thirty such holes
were measured for each of these two types of nettigg. The fine
mesh hetting was woven nylon bolting cloth, thetholes in it were
rectangular, and the longest and shortest sides of thirty of these
holes.were measured. All the measurementsWere made under a
microscope with a micrometer eyepiece and for each type of netting

the mean values for thirty holes, together with their confidence
20.



limits are shown in Table 4, The relative abilities of each of
the five nymphal instars to escape through each of the three types
of netting were then measured under standard conditions in the
loboratory. For each combination of an instér and a mesh size
twenty individuals of the appropriate instar were p1aced in each of
five 2x1 inch glass specimen tubes. A piece of the relevgnt netting
was then tied across the mouth of each tube and the tubes were then
laid on their sides in jars full of water at 17°C. Care was taken to
ensure that no air bubbles were present in the tubes or on the netting.
The number of escapes from each tube was counted each hour throughout
ks a four hour period and a summary of the results is given in
Table 5. The same results are shown in Figure 7,where the total
numbef of escapes out of the initial 100 animals used in' each
combination of igstar and mesh size are plotted against time. These
experimental conditiogs are clearly very different from those
expriencdd by nymphs caught in a net in the field. Nevertheless
the following conclusions can be drawn :-

(1) Macfadyen (1957) draws attention to the fact that
some freshwater nymphs and laevae can escape from smaller net meshes
' than might be expected and Macan (1958) showed the enormous
discrepancy between catches of Ephemeroptera nymphs in fine and
coarse nets that can be caused by escape of the smaller-sized nymphs
from coarse meshed nets. Working on chironomid larvae, Jonasson (1955)
showed that, though the widfh of the thoracic segments may exceedi the
width of the head capsule of these animals, it is the width of the
head capéule which decides whether or not the lérva can escape through

mesh of a particular size.
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Netting type.

Meshes/cm.

Mean maximum and minimum dimensions in mm.

of 30 holes # 5% confidence limits of

the mean.

Maximum. Minimum.
Coarse mesh. 6 1:-8 + <02 1:3 & +02
Trap mesh., 7 1-2 + -08 1.0 + +07
Fine mesh. 24 0-34 + -008 0-26 + -067

Table 4. Measurements of three types of net material.




Instar. Hours from start . Cumulative totals of escapes out
of experiment. of the initial 100 specimens.
Trap mesh. Coarse mesh
1 n 12: 84
2 17 92
3 24 93
L 26 95
2 1l 81
& 90
3 92
4 93
3 1 24
2 33
3 43
4 51

Table 5. Rate of escape of the different nymphal instars of C.germari

through netting of different mesh sizes. Only those

combinations of netting and instar for which escapes were

recorded are shown.
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The largest transverse dimension of C.germari nymphs
is the width of the widest part of the abdomen. This dimension
has been measured in 32 individuals of each-nymphal instar and the
results are shown in Table 6 together with the mean maximum
dimension of the holes in the smallest meshed netting that each
instar has been shown to escape through. The data show that
under the conditions of the experiment the nymphs of C.germari

do not escape through holes narrower than their own width.

(ii) The fine mesh netting will retain all instars.
(iii) The trap mesh netting will retain all nymphal instars
of C.germari except instar 1, and even this stage appears to find

escape difficult.

(iv) The coarse mesh netting will retain instars 4 and 5,
but instars 1 and 2 pass through it quite readily. Instar 3 is
capable of escaping through the coarse mesh but, under the conditions
of the experiment, it doed so much more slowly than instars 1 and 2.
It is possible that instar 3 might perform better under more
natural cogditions, but it must also be remembered that durigg the
course of a single S.N.S. the insects are only in the net for a few
seconds, whereas in the laboratory experiment the time was measured
in hoﬁrs. Nevertheless, field evidence is needed to show whether
or not the escape of instar 3 through the coarse net is an important
factor to consider in selecting a suitable net for sampling this
stage. On several occasions during the summer of 1958 20 S.N.S.s
with a coarse net and 20 with a fine net were made along the shore.
section A 100 to A 300. The proportion of instar 3 nymphs in each

Ehe niymder o)’ instar 3 nymphs 45 a Pe.rco.nl:a. < °{
of the two sets of samples was then found by expressin%/the total
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Instar Width of abdomen at its Largest dimension of

widest point. Mean of 32 net holes through which
measurements in mm, escape occurred. Mean of
# 5% confidence limits. 30 measurements + 5%

confidence limits.

1 1-2 & *01 1°2 + *08
2 1°4 + 02 18 « *02
3 17 % *08 1-8 + *02
L 2°2 + "ok >1.8 # 02
S 2+4 + *0h4 >1.8 + 02

Table 6.



catch of instars 3, 4 and 5 in‘the same set of samples. The
proportions of instars 4 and instar 5 were calculated in the
same way. The reéults are shown in Table 7 and it can be seen
that the different instars are caught in roughly the same
proportions in both nets. Thus the escape of instar 3 nymphs
through the coarse net is negligible and a coarse meshed net

can therefore. be used to estimate the abundance of this stage.

The adults were sampled with the coarse meshed net
described on page 20. During the period April to November 1957

fortnightly samples were taken from Barbrock reservoir. TREE3FH_
station (apart from stations A -10 and B -1, at each of which

2 S.N.Ss. were made) the three S.N.Ss. at each station being

made at points about & m. (12 ft.) apart. During the 1958 season
the same procedure waé repeated, except that on section A 100 to

A 300 4 S.N.Ss. were made at each station and sampling was carried
out at weekly intervals. At Ramsley and Little Barbrook reservoirs
and at the Duckpool, random net sweeping was carried out round the
whole margin of each water body at fortnighfly intervals during
1957 so that the data obtained do not give any indication of the
abundance of the Corixidae in these places. During 1958, month¥y
sampling was carried out at each of these water bodies and at
Ramsley and Little Barbrook reservoirs 20 S.N.Ss. were made at
definite points evenly spaced around the margin of each reservoir.
Two additional sweeps were made at Ramsley, on each occasion, in

the drainage channel at the north-east corner of the reservoir.

23.
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The abun&ance of the njmphs on section A 100 to A 300
of Barbrook reservoir was estimated on the same dates as the
samples of adults‘were taken. All specimens of instars 3, 4 and 5
taken in fﬁe coarse net were counted. In addition, a net which had
60 meshes per in. (24,£m.) and a mouth of 8 in. (20 c¢m.) diameter
was used during the period when instars 1 and 2 were present. About
an hour after the coarse net sampling, &4 S;N.Ss. pf the fine net
were made at each station and all the nymphs caught were counted.
Ideally it would be expected that, if.the two nets had differed
only in mouth diameter, the total coarse net catch (=C) of instars
2, 4 and 5 and the total fine net catch (=F) of those stages would
be in the same ratio as the areas of the mouth apertures of the
two nets. The mouth apertures of the coarse and fine nets respect-
ively are in the ratio 3:1 so that the relationship between the total

catches on eac” h sampling occasion should be :- C = 3 F.
L]

But, in fact, the smaller net also has a smaller mesh size than the
larger one and might therefore be expected to cause a proportionately

greater amount of water resistance than the larger one, hence giving:-
C >3F

In practice, however, as Table 8 shows, the relationship between the

catches is t- ' C% 2F

This suggests that some other factor must be considered and it seems
likely that this factor is the relative abilities of the two nets to
stir up the water, so raising animals from amongst the stones on the
bottom and bringing them into such a position that they can be caught

in the net. Thus the fine net, with its finer mesh size and therefore

L



Date Coarse net catch/Fine net catch
4.7.58 22
10.7.58 15
18.7.58 1.6
24,7,58 1-6
1.8,58 2»1
7.8.58 1-8
15.8.58 0+9
21,8.58 22
29.8.58 2°0
12.9.58 2°0
© 18.9.58 3+3
¥
Table 8. Total coarse net catches of instars 3, 4 and 5 from

20_S.N.Ss, / total fine net catches of the same stages

from 20 S.N,Ss.




proportionately greater water resistance, may catch proportionately

less of the animals in its path than does the coarse net, but this
. its

may be more than compensated for b ringing proportionately more

animals into its path than the coarse one does.

Having obtained the nymphAsample data with the two types of
net it is then necessary to convert them into a form whichumaks them
comparable with the data obtained by sampling the adults with the

coarse net. This has been done in two ways :=-

(1) By comparing the total catches of nymphs 3, 4 and 5
in each of the two nets on those dates when samples were taken
with both nets. It is assumed that there is a linear relationship
between the catches of the two nets (r = *946 and P<<*00l) and the
line of best fttis found. This line is the regression line of the
coarse net catches (C) upon the fine net catches (F) and has the
equation :-

C-€=b (F-F), where C and F are the total catches of
instars,B! 4 and 5 from 20 S.N.Ss. and C and. F are mean values for
the periiod 4. 7. 58 to 18. 9., 58. The constant b is then calculated
from the equation :-= b = 2CF7'£F2. Thus the coarse net equivalent

¢’ of a fine net catch F~ is given by :=-

{

C + fcF/ £F° (¢ - F).

c i

n

The data used and the line of best fit are shown in Figure 8.

If it is then assumed that the numbers of each of the five
instars in each set of nymph samples are proportional to the
numbers of the different instars in the population sampled, it is
pessiblé to convert the.fine net catch of all instars on each date

into its coarse net equivalent.
25.
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(ii) The percentage of the fine net catch formed by
instars 1. and 2 is known for each sampling date and it is therefore
possible to use this and the total catches of instars 3, 4 and 5
in the coarse net on each date to calculate roughly how many
tnstar 1 and 2 nymphs have passed through the coarse net on each
occasion. This correction factorfg§ instars 1 and 2 can then

be added on to the coarse net catch of instars 3, 4 and 5.

The figures obtained by these two methods are shown in
Table 9 and are expressed as mean catches per S.N.Ss. in Figure 9.
It is clear that there is sufficient agreement between thé two
sets of figures to justify the assumntion that these results give

approximate
an-ég%sefyiate—measure of the abundance of the nymphs throughout the

season.

(3) Trap Sampling.

The traps used were a modified version of the type described
by Kellen (1953). They consisted essentially of a box¥shaped wire
frame 10 in. (25.4 cm.) long with a square cross-section of 5 in.
(12°7 em.)side, This framework was covered with cotton mosquito
netting, previously described as "trap mesh" netting, which had
17 meshes per in. (7 per cm.). Each end of the trap formed a
a: funnel-shape@ entrance and in the base of the trap there was a
sleeve of netting. The general form of the framework is shown in
Photograph 14, and the complete trap is shown in Photograph 15.
The traps illustrated had slightly different dimensions from those
used ét Barbrook reservoir and the dimensions of the latter are

shown in Figure 10. The traps were paipgted with diluted bituminous

26.



Date, Coarse net catch| Fine net catch| Mean coarse net| Mean fine net
correction, as coarse net catch/3.N.S, catch/3.N.S.
(20 S.N.S.8) equivalent.
(20 3.N.S.8)

6.6.58 312 16
2.6.58 458 23
12.6.58 851 43
20.6.58 2459 123
23.6.58 3882 194
26.6.58 2952 148
4.7.58 5127 4260 256 213
10.7.58 1548 2004 78 100
18.7.58 2876 3159 144 158
24,7.58 4080 4597 204 230
1.8.58 8029 6604 401 330
17.8.58 4655 4433 233 222
15.8.58 2116 3880 106 195
21.8.58 2220 1811 111 91
29.8,58 1694 1507 86 75
4.9.58 1170 - 59 -
12,9.58 | 1600 1096 80 56
18,9.68 791 958 40 48
26,9.58 638 32

2.10.58 276 14

8.10.58 123 6

9.10.58 172 9

10.10.58 141 7

11.10.58 133 7

13.10.58 54 3

14.10,58 63 3

15.10.58 42 2

16.10.58 26 1

20.10.58 22 1

21.10.58 18 1

TABLE. S,
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MEDIAN LONGITUDINAL SECTION OF.TRAP.

Entry "o - o} . .
" funnel. o 0-._" n. S in.

3 10 in.
Base
. sleeve.

3in.
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paint to give a brownish-black colouration aad to provide
protection against corrosion. The base sleeve served as a means
of removing the catch from the ttap and, during operation, the
trap was weighted by placing a stone in the sleeve and thenAtying

pieces of string tightly round the sleeve above and beldw the stone.

The method of positioning the traps is shown in Figure 11.

The trap‘(c) rests on the substratum with its long axis parallel
to the water's edge. A piece of nylon fishing line connects the
top of the trap to a small cork float (a). The length of the
line between the trap and this float is such that when the depth
float (a) just reaches the water surface the trap is operating

at the required depth. A marker float (b) is attached to the
depth float (a) by about X-5 (4°5 ft.) of line so that the trap
can be located even when a rise in water level causes float (a)

to be submerged.

When placing the traps in position, the marker float (b)
was attached tofwire hook on the end of a long bamboo pole.
The pole was used to swing the trap so as to enter the water at a
point beyond the depth at which it was intended to operate it.
The trap was then hauled slowly towards the shore until it reached
a point where the depth float (a) just broke the water surface
if fhe line between floats (a) and (b) was allowed to go slack.
The hook was then disengaged from float (b). During this
hauling-in process the water resistance forces operating on the
tfap were such as to cause‘the trap to orientate itself with its

long axis parallel to the water's edge.
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Figure.1l.



During 1958 fourteen traps were operated at a depth
of 10 m. on section A 100 to A 300 of Barbrook reservoir, the
traps being evenly spaced along the portions of shore line between
the net sampling stations. Between stations A 200 and A 250 this
line of traps was intersected by two other lines of seven traps
each. These latter two lines extended down the stony bank from
0+33 m. (1 ft.) to 2¢33 m. (7 ft.), the traps being placed at

depth intervals of 0°33 m. (1 ft.).

The time interval between successive occasions of
emptying the traps alternated between six and eight days and on
each occasion thé catch in the traps at one metre depth was
expressed by finding the mean catch per day in each trap and then
combining the results for the individual traps by calculating the

mean catch per trap per day.

In spite of severe wave action on some occasions during
1958 it was found that these traps held their positions very well.
The traps at 0¢33 m. (1 ft.) sufferedl serious tearing and abrasion
of the netting under such conditions but the other traps suffered

very little damage of this type.

The results obtained with the fourteen traps at 1.0 m. (3 ft.)
depth are shown in Table 10 and the data obtained ffom the other
traps will be considered later. Table 10 shows that there was
considerable variation in the trap catches during the spring and early
summee, a period when the net catches from section A 100 to A 30C were
fairly constant from one week to the next (See Table 51). It also
shows that the_catch per trap per day of adults during a single

trapping period in the autumn was smaller than the values given
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Date emptied.| Days trapping.| Mean catch/trap/day| Water temperature
+ 5% confidence on day of emptying.
limits. (°c)

2.4.58 6 6°7 & 243 ks

11.4,58 8 2°3 & 1o41 b5

17.4.58 6 9°6 + 3°93 5°5

25.4.58 8 27°2 + bebh 8°0

1.5.58 6 25,6 + 6490 10°5
9.5.58 8 39°4 & 5,43 11°5

15.5.58 6 256 & 712 11+5

23.4,58 8 9'0 + 2°55 115

29.5.58 6 144 + 5,13 11°5

6.6.58 8 20°6 + 523 15°0

12.6.58 6 15°3 + 3+05 11°5

20.6.58 8 388 4 644 145

26.6.58 6 16°0 + 3°22 140

23.10,58 7 16.7 + 2°65 10°0

Table 10. Trap catches at 1.0 m. (3 ft.) depth, 1958.




during seWeral of the spring - summer trapping periods, whereas

the net catches in autumn were considerably larger than those taken
in the spring and early summer. It is likely that these major
discrepancies Between the results obtained by trapping and netting
are a result of the fact that the trap catches are biased by the
activity of the insects to a much greater estent than the net catches

are. The factors likely to influence the trap catches are :-

(i) the abundance of the Corixidae.

(ii)Variation in death rate within the traps:- It was noted
that on most occasions almost all the Corixidae removed from the
traps were still alive and active. It was only on 5.6.58, 19.6.58
and 25.6.58 when the water temperature was above 13°C that most of
the animals removed from the traps were dead. Differences in death
rate within the traps as a result of temperature fluctuation may be a
fruitful source of varﬁtion in trap catch, since the sooner an
animal dies in the ﬁrap the smaller are its changes of escaping
agaiq.

(4ii) Short term changes in the environment:- Changes in
temperature will cause changes in metabolilc rate and wave action
probably causes qhanges in the activity and microdistribution of
the Corixidae. Phenomena of this type would cause irregularities

in the trap catches.

(iv) Seasonal changes in the type of amount of activity
shown by the Corixidae:- The catches obtained by most activity
.samplers (e.g. Pitfall traps for terrestrial Coleoptera - Gilbert 1958)

are greatly influenced by the general and in particular the sexual
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béhaviour of the animals. Table 11 shows the percentage of males.
in the trap and net samples for comparable dates in 1958. This shows
that most of the net samples contained 40 to 60% of males except on
those occasions when there was severe wave action on section & 100
to A 300. The trap samples, howevery contained 70 to 85% of males
on almost all occasions during the spring and early summer but only
45% in the autumn sample. The very high percenfage of males in the
trap catches during the copulation and oviposition period are
probably due to the females spending more time amongst the stones

of th; substratum in order to oviposit and hence being less likely
to find their way into the tréps than the males. It is also
possible that behavioural peculiarities of the males during the
copuiation period make them more prone to being caught in traps
during that period than at other times of the year. In any case,
thé results obtained by the traps aprear to be gregtly biased

by the intense reprqductive activity @hich occurs during the spring

and early summer.

With such a variety of factors influencing them it is
not surprising that the trap catches do not bear much relation to

the abundance of the animals as determined by net sampling.

Kellen (1953) used these traps in sewage oxidation ponds
in California and plaimed that if they were kept clean of mud and
alga and were totally submerged during operation they could be
used to estimafe qualitative and quantitative changes in population
density. The results shown above indicate that this was not the
case in Barbrook reservoir. This may be a result of differences

- .z d
between the sampling conditions at Barbroo%;in Kellen's ponds.
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v

ate of emptying.

% males in trap catches

# 5% confidence limits.

% males in net catches

+ 5% confidence limits.

* 2,4,58
*11,4.58
17.4.58
25.4,58

1.5.58

9.5.58
15.5.58
23.5.58
29.5.58
* 6.6.58
12.6.58
20.6.58
26.6.58

23.10,58

83 %15

72 £ 3-8
64 + 6°0
74 32
84 + 14
83 #1°6
84 + 1°1

82 + 1°7

77 ¥ 2°7
83 « 2°2

73 + 2°5
71 # 1-4
67 + 2°6

Ly 4 2°5

61 + 18-8
é9 +120
52°+ 78
46 + 72
63 # 64
54 + 6-8
58 + 64
57 # 7°0
60 & 66
68 + 12.8
bh & 7.0
56 + 96
72 ¥ 9.2

52 + 1+4

* Denotes dates when there was severe wave action on section

A 100 to A 300.

Table 11. Percentages of males in trap and net samples during 1958.




The most obvious dif:ferences thatmay be relevant are:-

a) Kellen's pools probably gad a lower oxygen tension and
higher temperatures than Barbrook reservoir. This would’
explain why Kellen found that his animals were "quickly
drowned" in the traps, whereas af Barbrock the Corixidae were
gen erally able to survive in the traps for several days.

(b) Different species of Corixidae were concerned in the

two studies and it is possible that there is specific variation
in amenability to trap sampling.

(¢c) Dr. Kellen states (personal communication) that, in his
pools, the free swimming insects were confined to a narrow zone
of submerged grass around the pool margins. This suggests that-
his pools suffered very little severe wave action and this too
would help to explain why his traps gave less variable results

than the ones at Barbrook.

The work of Popham (1941, 19434) on background selectidn by
Corixidae suggests thay the colour of the traps might affect their
efficiency. This possibility has been investigated on a small
scale by carrying out parallel trappiﬁg with two pairs of traps,
one pair péinted white and the other pair black. These traps were
operated over six periodsjg;om 5 to 9 days on section A 100 to
A 300, different parts of this section of shore being used on each
occasion. The results (Table 12) show that, with the exception of
a single occasion when there was no significant differen”ce between
the total catches in black and white pairs of traps, the combined
catch of the black traps was significantly higher than the combined

catch of the white traps. It would therefore appear that the
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Date of emptying Days trapping. Trap catches. Probability
trqps.
Black. | White:

2.4,58 6 76| 77 | >"%
16.4.58 6 200 39 < *001
16.9.58 5 109 7 <<-001
25.9.58 9 468 | 164 <001
1,10.58 6 257 | 92 | <-oo1
9.10,58 8 229 | 105 | <<-o01
Table 12. Comparison of catches between black and white traps.

The total catch for each pair of traps during each

trapping period is shown. These totals have then been

compared by a Chi-squared method and the corresponding

probabilities are shown above.



colour of the trap does affect its efficiency and, if this is
due to the background selection behaviour described by Popham,
it seems likely that the colour of the traps will also influence the

species composition of trap catches from mixed populations.

(4) Direct counting.

Oviposition site preferences énd the abundancé and
mortality of the eggs were studied during 1958 by direct counting
of the eggs on sites selected at random from the shore and on
"artificial" sites placed in the reservoir and examined at
intervals of seven days. The techniques employed ahd the
méthods used to relate the data obtained to the net sweep data
for nymphs and adults will be described®in later sections of

this account.
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¥III. CORIXID SPECIES FOUND IN THE WATER BODIES.

Corixid species lists for the four water bodies are shown
in Table 13, which also shows the total number of individuals of
each species taken from each water body during net sampling in
1957 and 1958, C.concinna and C, panzéri ére additions to the

list for Derbyshire given by Massee (1955).

Tables 14 and 15 show the species analyses of the net
samples from the whole of Barbrook reservoir during 1957 and -1958
respectively. The identifications are according to Macan (1956).
These tables show that, durigg both years, only a very small
percentage of the Corixidae present belongdd to species other
than C.germari. Comparison of the species totals for the reservoir
as a whole and for station "Delta" shows that the majority of the
specimens belonging to species other than C.germari were collected

at station "Delta'. It will also be noted that Glaenocorisa

propinqua was never found at "Delta'.

Gl
Apart from C,germari, only four species,-propinqual.wollastoni,

C.punctata and C.praeusta- were represented by more than nine

specimens during a single year. The nymphs bf C.punctata can be
distinguished 65 size characters and those of G.propinqua are easily
picked-out on account of their large protruberant eyes and various
other characters (Walton 1943). Nymghs of both these species have

been found in Barbrook reservoir. During the autumn of 1958 teneral

adults of C. wollastoni were found at station "Delta" and as these

pale, soft specimens could hardly have flown there it is reasogable

to conclude that they had developed from eggs laid in the reservoir.
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REREA

Species. Barbrook. | Ramsley.| Little Barbrook. Duckpool,
C.germari (Pieb.) 30889 360 633

G.propinqua (Piedb) 184 48 2

C.wollastoni (D & 8) 69 14 26 421
C.praeusta (Fieb,) a2 12 56 13
C.dorsalis Leach. 3 6 27 1l
C.punctata (Illig.) 20 24 43 13
C.concinna (Pieb.) 2 1 1
C.lateralis (Leach.) 2 8 15 3
C.sahlbergt (Fieb.) 5 1 8 2
C.nigrolineata (Fieb,) 6 3 44 33
C.venusta (D & 8) 6 61 1l
C.distinota (Fieb.) 2 6 2
C.pangzeri (Fieb.) 1 1

C.linnei (Pleb.) 6 1
C.oastanea (Thoms,) 1 2
C.limitata (Pieb.) 2

C.fossarum (Leach.) 2 1

C.falleni (Fiedb.) 1

¢y sbonsdorffi (C.Sahlb.) 1 1

C.dentipes (Thoms,) 2

C.800ttl (D & 8) 1

Total indimiduals, 31254 489 826 483
Total species. 12 16 1 12

TABLE.13. Species lista for the four water bodies,together whth the

total number of each specles caught in the net samples at

each water body during 1957 gnd 1958,
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TABLE.14, Species analyses of the

1957 net samples from Barbrook

reservoir,together with totals of each species taken

from the whole reservoir and from station Delta.
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TABLE.15. Species analyses of the 1958 net samples from Barbrook

reservolr on those dates when samples were taken from
all stations,together with totals of each species taken

from the whole reservoir and from station Delta.




During both 1957 and 1958, teneral adults of G.propinqua were

found in Barbrook reservoir, Thus it would aprear that

C.wollastoni and G,.propinqua are able to complete their life

cycle in.Barbrook reservoir and that C.punctata breeds there,
though it is not clear whether the nymphs produced reach maturity
or whether the adults taken in the autumn have flown in from
elsewhere. C.praeusta was represented by 61 specimens in 1957

and by 21 in 1958 but no teneral adults were found in either year,
so -the status of this species in the reservoir must remain obscure.
The rest of the species found in Barbrook reservoir were almost

certainly extraneous species that had flown in from other habitats.

In general, Barbrook reservoir represents a much more
uniform habitat and one with a much poorer substratum than most
natural water bodies. It is not therefore surprising that, so far
as the Corixidae are concerned, it should approximate to a
monospecific culture - having a very marked numerical predominance
of C.germari in all parts, together with a relatively small number

of G,propinqua living and breeding in the open water regions and

a few other species managing to live and complete their life cycles
in the restricted area around station "Delta" which has much denser
-vegetation, a substratum richer in organic material and cogsiderably

less wave action than the rest of the reservoir.

Similar species analyses are shown for Ramsley reservoir in
Tables 16 and 17. Table 17 shows that G.propinqua was found in the
open water areas and never in the stiller, densely vegetated north

east inflow channel characterised by stations "a'" and "b". This table

!
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TABLE.16. Species analyses of 1857 net samples from Ramsley

reservolir.
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TABLE.17. Species analyses of the 1858 net samples from Ramsley

reservolir (including stations a & b,),together with

totals of each species from the whole reservoir

(including stations & & b,) and from stations & & b,




also shows that the majority of the specimens other than

C.germari and G. propinqua were taken from this channel.

Nymphs and teneral adults of C;germari, G.propinqua and

C.gunétata have been found in this reservoir, the nymphs of

G.prdpipqua being féirly abundant in 1958. The other species
can probably be regarded as extraneous. The most obvious
difference between the corixid faunas of Barbrook and Ramsley
reservoirs is the fact that in the Ramsley samples a much

smaller proportion of the specimens belonged to the species

C.germari.

The net samples from Little Barbrook reservoir are
analysed in Tables 18 and 19. The main features of the 1957
data are thqrelatively.large number of species found and the
relatively small proportion of the total catch formed by C.germari.
The main reason for this is probably the fact that during the
drought of 1957 the reservoir was reduced to a very small, shallow
pool between 28.5.57 and 11.6.57, after which the water level rose
a little, only to fall again so that the reservoir almost dried up
completely between 23.7.57 and 6.8.57. After this the reservoir
filled up again. Thas, on two occasions during 1957, the reservoir
virtually ceased to exist, most of the adults and nymphs present
disappeared and subsequent repopulation presumably took place as

a result of Corixidae flying in.

The very small numbers of G.propingua taken from Little
Barbrook reservoir during both years further emphasises the fact
that this species does not often apvear in places where there is a

muddy substratum and fairly dense vegetation.
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TABLE,19. Species analyses of the 1958 net samples from Little

Barbrook reservoir.




During 1958 fewer specimens were taken and C.germari
formed a larger proportion of the catch. Nymphs and teneral

adults of C.germari, C,punctata and C.dentipes were taken from

this reservoir, showing that these three species are able to

complete their life cycles there.

C.venusta was found in Little Barbrook reservoir during
July, August and September 1954 and formedi about 20% of the
Corixidae in the 1957 samples. The nymphs of this species can be
distinguished from those of most other species, except C.scotti
and C.fossarum by their small size and the fact that the dorsal
surface of the abdomen bears a pattern of five longitudinal bands
of brown on a paler background. Such nymphs were found in the
reservoir during the spring of 1957 but disappeared during the
drought of that year. No adults were found during the autumn of
1957 or during the 1958 season. It would therefore seem likely
that this species is capable of completing its life cycle in
Little Barbrook reservoir, but that it was eliminated during the
1957 drought and had& not recolonised the reservoir by the end of

the 1958 season.

The filters below Barbrook reservoir are washed out each
morning and, during the summer months, in the evenings as well.
The filter washings pass into twousmall settling tanks and the water
from fhese tanks then passe§ into Bar brook and hence to little
Barbrook reservoir. On each of eleven evenings during 1957 a net
of 20 meshes per inch (8 meshes per cm.) was fixed in a standard

position in the concrete channel which carries the washings into
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the settlirg tanks and was left there until after the filter
washing of the following morning. The numbers of C.germari

taken in this net are shown in Table 20. Many of these insects were
alive and active when removed from tﬁe net and it seems likely

that these net catches: represent only a small proportion of the
Corixidae in the filter washings. Thus the numbers of C.germari

in ILittle Barbrook reservoi? are probably augmented by a fairly
steady flow of specimens coming from Barbrook reservoir via the
filters, though it is not possible to assess the importance of

this in maintaing the abundance of C.germari in Little Barbrook

reservoir.

Tables 21 and 22 show the species composition of the
net samples from the Duckpool on Big Moor in 1957 and 1958. The
samples are fairly typical of small peat pools on the south
eastern Pennines at altitudes of about 1,000 ft. (365 m.), in that

the commonest species is C.wollastoni with C.nigrolineata and

C.punctata present in smaller numbers and with a number of other
species turning up occasionally, probably having flown in from

elsewhere.
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Date |[Nymph 3. | Nymph 4. | Nymph 5. Adults. Totals.
27.6.57 13 7 20
11.7.57( 38 15 1 1. 55
25.7.57 V4 25 23 4 64
8.8.57 13 13 32 57 119
22.8.57 6 30 123 159
5.9.57 1 8 9
19.9.57 1 2 3
3.10.57 2 2
17.10.57 32 32
3.10,57 13 13
14.11.57 100 100
Table 20. Samples taken from the filter washings in 1957.
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Totals. 284 | 28 9 4 3 2 2 1 1 1 16

TABLE.Z21. Specles analyses of the 1957 net samples from the

Duckpool on Big Moor.
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1.9.58, 34 3 8
29.9.58. 47 1 1l 4
20.10.58, 27 0
Totals, 137 5 4 9 2 l 13

TABLE.22. Specles analyses of the 1958 net samples from the

Duckpool on Big Moor.



IX. OTHER ANIMALS FOUND IN THE RESERVOIRS.

The animals other than Corixidae that have been
identified from each of the reservoirs are listed in Table 23.
Those:speéies or groups which were considered, on subjective
grounds, to form numerically important componenfs of the
fauna are indicated. It must, however, be noted that the
numerical abundance attained by a beetle species so indicated
wiil not be comparable to that of a small animal such as a
cbpepod that has been similarly indicated. It must also be
noted that the species lists are not strictly comparable between
reservoirs because considerably more collecting was done at
Barbrook reservoir than at the other two and no attempt was made
to obtain adequate lists of such small organisms as Cladocera

and Copepoda for the Ramsley and Little Barbrook reservoirs.

Table 24 shows the tbtal numbers of the various larger
animals collectea from Ramsley and Little Barbrook reservoirs
during net sampling in 1958. Most of the species recorded from
Ramsley reservoir were found in the north east drainage channel
(stations "a" and "b") and in the samples from the rest of the

reservoir only the beetle Deronectes l2-pustulatus and the caddis

larvae can be considered relatively common. In Little Barbrook
reservoir the various aquatic larvae appear to be the most abundant

of the larger animals.

The numbers of larger animals taken in the coarse net from
Barbrook reservoir on all those occasions during 1957 and 1958 when

samples were taken from all stations are shown in Table 25. Water
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0.,COLEOPTERA,

Agabus nebulosus.Forst,
A,bipustulatug.l.innaeus,
A,sturmifi.cyll,
As,chalcopatug.Panz.
A.guttatus,Payk,

Colymbetes fuscus.Linnaeus.
Deronectes l12-pustulatus.Fab.
Dselegans.Panz,

Oreodytes rivalis.Gyll,
Hydroporus palustris.Linnaeus,
Platambus magulatus.Linnaeus,
Haliplus {mmaculatus.Gerh.,
gyrinus natator.Linnaeus.

Dytiscus marginalis,Linnacus.
Helophorus aquaticus.linnaeus.
H.flavipes.Fab,
g,brevipalpia.Bed.

Anacaena_ globulus,Payk.,
Hydrobius fuscipes.Linnaeus,
Hydradephaga larvae.

Dytiscus sp.larvae,
0.HEMIPTERA,

Notonecta obliqua.Gall,
Notonecta sp.nymphs.

OTHER INSECTS.

Nemoura cinerea(Retz.)nymphs.
Phryganea grandis(?).L.larvae.
P.varia.Fab.larvae,

Sialfs lutaria.L.larvae.
Coenagrion puella.(L).nymphs.
Pyrrhosoma nymphula (Sulzer )nymphs.
Aeschna Juncea(L)nymphs,

ghironomus anthracinus.Zett,larvae,

PH.ROTIFERA,

Brachionus uroeolaris.o F.Miller.
S.PH.CRUSTACEA.,

Chydorus sphaericus.(0.F.Maller.)

Cyclops vernalis.Fischer.
CL.ARACHNIDA.

Hydrozetea lacustris.(Michael).
PH.ANNELIDA.

Lumbriculus variegatus.(Muller).
S «PH.VERTEBRATA,

Larvae of Rana and Bufo,
Triturus sp. and larvae.

Plectrocnemia conspersa.Curtis,.larvae.

BARBROOK. LITTLE BARBROOK, HAMSLEY,

» X X X
X X - X
X
X
X
X
= X X * X
X
X
X X X
X
X
X X X
X (x)
(X)
(x) X
X
X
X
» X » X X
X (x)
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X (x)
X
X
» X * X * X
* X
LI ¢
» X o
X
» X .
X
X

X Denotes presence.

(X) shows that the species conoerned was found only at statiou"Delta

in the case of Barbrook reservoir or at stations“a” and

the case of Ramsley reservoir,

“b” in

Speocies oconsldered to form a numerically importamt component of
the fauna of each reservoir are indioated by an esterisk,

TABLE, 23. List of species found in each reservoir,




SPECIES, LITTLE BARBROOEK. RAMSLEY.

Whole reservoir| Sts.a & b,

including Sts.

a &b,
Dytiscus marginalis, 1 2 2
Agabus bipustulatus. 5 6 6
D.12,pustulatus., 104 15
Hydroporus palustris. 2 9 9
Haliplus immaculatus. 1
Gyrinus natator. 9 1 1l
Ilybius fuliginosus. 1
Helophorus flavipes. 1l
Hydrobius fuscipes. 2 1l
Hydradephaga larvae. 23 13 10
Sialis larvae. 9 4
Phryganea larvae. 6 10 1
Plectrocnemia larvée. 5 6 1
Nemoura larvae. ; 8 4 1
Coenagrion nymphs. . 1 1
Notonecta obliqua. 1 1
Notonecta nymphs. 3 6 6
Triturus sp. adults. 1 1
Triturus sp. larvae. 25 25
Total individuals. 74 195 8l

TABLE.24. Animals other than Corixidae collected in seven sets of

20 S.N.5.8 of the coarse net at Little Barbrook reservoir

and seven sets of 22 S,N.3.8 at Ramsley reservolr,during

1958,
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17.4.57. 1
1.5.57. 1| 1 1
15.5.57. 1| 3 1 5
29.5.57. 2| 9 1 12
12.6.57. 5| 31 1 1
86.6.57. 1] 64 2
10.7.57. 10 1 3
24,7,57. 4 1
21.8.57, 1 3| 3 1 1
4.9.57, 1| 2 1
18.9.57. 1
30.10.57, 12
13.11.57. 2
24.11.57. 1
28.3.58, 4 5 3
11.4.58. 1 1
25,4.58. 1| 1
9.5.58, 1 1
23.5.58. 1| 1
6.6.58, 11
4.7.58. 3| 1 1
18.7.58. 2| 1] 2 1
1.8.58. 20 2
15.8.58. 1| 16 1
29.8,58, 29| 17 | 3 1 3
12.9.58. 8| 15 1 |1 ]2
26.9.56. s el 1| s |11 |2 1 1
10.10.58, 6| 12| 2 1 1 2
Totals. 63 |297 | 13 | 16 8 2 3 1 2 4 4 1 |61

TABLE.25. Animals other than Corixidae taken from Barbrook reservoir in the

coarse net on those dates during 1957 and 1958 when all stations

were sampled.



beetles and their larvae predominate. Table 26 shows the total
datches of larger animals in the coarse net samples from section Al00O
during 1958.
to A300. Again beetles and their larvae predominate. It must be
noted, however, that the totals given in this table were obtained
from a total of 840 S.N.Ss. taken.throughout the year. Thus the
dafa sugrest that even the beetles and their larvae were relatively
scarce. By turhing over stones on section A 100 td A 300 during
September 1958, however, large numbers of A.nebulosus could be
observed and thhs sugwests that these beetles are more abundant
than the net data indicate, either because they are chiefly nocturnal
animals or.because they are difficult to catch in a net. This
illustrates the general point which éhouid be borne in mind when
considering the numbers of animals othér than Corixidae taken in
the net samples. That is, that different animal groups will differ
in their amenability t§ net sampling, so that the data thained
cannot satisfactorily be used to compare the relative numbers of
animals belonging to different groups. Nevertheless the net sample
d#ta, together with cagual observations, do suggest that, apart

from Corixidae, the water beetles A.nebulosus and Deronectes 12-

pustulatus ,together with their larvae,are the most abundant large

animals found on section A 100 to A 300.

The catches of water beetle imagines in the fourteen
trapé at 1°0 m. depth on section A 100 to A 300 are shown in
Table 27. The total catches over the whole trapping period
probably give a fair indication of the relative abundamncés.; of

the various species, except that, whereas the larger species were
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Species or group. ' Number collected in
840 S.N,S.s

T

Agabus nebulosus 3
A,bipustulatus. 1
Hydroporus palustris. 5
Deronectes 1l2-pustulatus. 28
Hyradephaga larvae 105
Phryganea larvae. 1
Plectrochemia larvae. 2
Nemoura cinerea nymphs. 1
Notonecta obliqua . 1

Table 26. Animals other than Corixidae taken from stations
A 100 to A 300 of Barbrook reservoir during
net sampling in 1958.
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25.6.58, 35 15 2 1] 83
22,10,.58. 4 2 10 16
Totals. 705 137 47 37 1l 21 922,

TABLE.27. Animals other than Corixidae caught in the fourteen traps

1 m. depth in Barbrook reservoir during 1958,



usually dead when removed from the traps, most of the specimens

of D.,l2-pustulatus and H.palustria were still alive. Thus these

latter two species may be somewhat under-represented in the

samples.

So far, only the larger insects which are caught in the
coarse net have been considered. The smaller organisms cannot be
obtained as a"by-product" of the corixid sampling but must be
collected specially. For this reason the information regarding
the smaller animals is rather less complete than that for the
larger ones. The numbers of larval and pupal Chironomidae taken
in the coarse net from Barbrook reservoir.were small and have not
been recorded. There were, however, large numbers of chironomid
larvae in the reservoir, particuiafly the large Chironomus anthracinus

. . imagines_ .
whose larvae lived in the deep water and whose SeiEsgeRE flew in large

swarms above the reservoir banks in late May and early dune. Also
present were smaller forms, probably Tanytarsus spp.,

whose larvae formed mud tubes on the stones of the substratum

at the 10 m. (3 ft.) depth. During the spring, summer and autumn

the copepod, Cyclops vernalis and the cladoceran, Chydorus sphaericus,

were seen in large numbers above and amongst the stones on section

A 100 to A 300, The mite, Hydrozetes lacustris, was found in

small numbers on stones taken from A 100 to A 300 and the lumbricid,

Lumbriculus variegatus, occurred in those places where small quantities

of alga and mud accumulated between the stones.

During April and May of 1959, an otter board was used to
obtain plankton samplesd from just below the water surface about

10 to 20 m. offshore in Barbrook reservoir. The net used had

o
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110 meshes per in. (40 per cm.). The plankton obtained was found

to consist chiefly of the rotifer, Brachionus urceolaris,together

with a small number of specimens of the copepod, Cyclops vermalis.

The fauna list for Barbrook reservoir is a relatively
short one, particularly since the species of Coleoptera and
Hemiptera only recorded in small numbers were probably chance
immigrants frqm other habitats. Particularly noticeable is the
absence of such groups as the molluscs, leeches and Platyhelminthes.
This may be attributed to the fact that Barbrook reservoir is an
upland water body with a very low base status. Comparison of the
fauna list with that of Macan (1948) from an upland fishpond suggests
that this is not the only relevant factor. Macan's survey was more int-
ensive than that described here. For example, he used emergence
traps to collect Diptera whereas in the present work Chironomidae
were collected by occasional netting of swarmipg imagines on the
reservoir banks. Tpe habitats studied were also very different.
Macan's pool'having a more organic substratum and a denser and more
diverse macroflora than can be found ih Barbrook reservoir. This
suggests that Barbrook reservoir is a .somewhat rigorous environ-
ment for aquatic animals and that, in consequence, relatively few

species are able to survive there.

It has not been possible in the present work to.do more
than collect together a number of casual observations on the feeding
habits of C.germari and to carry out a preliminary study of the

fore-gut contents of four species of aquatic Coleoptera.

Dyring September 1958, specimens of Agabus nebulosus,

A.bipustulatus, and Gyrinus natator were collected from various

b1,



places in Barbrook reservoirg. At the same time Deronectes

l12-pustulatus and various agquatic larvae were collected from

Barbrook and Ramsley reservoirs. The animals collected were
killed with chloroform vapour and immediately preserved in

4% formalin solutioﬁ. They were examined within a week of
collection. The fore-gut contents of each specimen were
examined and the number of individuals of each species containing
each type of food was determined in the way described by

Jones (1949, 1950). The results are shown in Table 28. Tpese

data must be interpreted with caution for the following reasons:-

(1) Different food materials may be digested at different
rates and hence those materials most slowly digested would tend to

be recorded in an unduly large proportion of the sample.

(i) Large food organisms may be broken into small, and
sometimes unidentifiable, fragments during ingestion whereas smaller
organisms are moreliikely to be ingested whole and to be readily
identifiable.

(iii) It cannot necessarily be assumed that all the material
present in the fore-gut of an animal is, in fact, food. Some of it

may have been ingested accidentally along with the food and may be

of little or no nutritive value to the animal containing it.

(iv) Conclusions based on samples taken at ofie time of

the year do not necessarily reflect the feeding habits of the animals

throughout the year.

(v) The technique used does not give any measure of the

relative weights of diffe rent foods taken, and therefore gives

L2;
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Total number examined. 14 78 |78 |44 |38 |22 (8 3
Ko identifiable contents. 2 21 |17 |26 2 8 |1 3
Leaf fragments. 1l 5 4
Alga (Microspora sp.). 11 43 |35 6 |33 1 (6
Detritus, 2 1 2 1
Chironomid larvae and pupae. 5 22 120 4 1 5
Corixid nymphs. 5 22 6
Corixid adults. 3 1l
Cyclopeid copepods. 1l 13 |46 8 1
large Diptera (chiefly Scopeuma) 2 6
Sciaridae (Bradysia sp.) 3 21 |21 32 |14 |1
Indeterminate insect fragments. 1 11 11 10 1
Chironomidae imagos. 9
Acarines. 1 1 1
Collembola. 1
Cercopldae. 1
Thysanoptera. 1
oyrinidae. 1
Cladocera. 1
Agabus sp.eggs. 1 1 1l

TABLE.28. Numbers of specimens of various predators containing each

type of food material.



only a vague idea of the relative importance of each food.

(vi) This method gives little information about the
exact nature of the food. Tor example, it does not show the
extent to which the animals concerned are actively predatory
and the extent to which they simply eat the deéd bodies of

animals killed by some other agency.

Even so, some useful conclusions can be drawn from the
data. The numbers of agquatic larvae examined were very small,
but the data do show that caddis larvae feed on animal as well
as plant material. The data obtaineﬁ from the Coleoptera are
expressed in Figure 12, as percentages of each sample containing
eacH of the commoner foods. The results from A.nebulosus and Askib

A.bipustulatus collected from station B show that these two species

feed on similar foods in similar proportions, though the presence

of adult Corimidae in A.bipustulatus but not in A.nebulosus may

indicate that the larger species (A,bipustulatus) can deal more easily

with larger-sized food organisms.

Comparisons between the fore-gut contents of samples of
the same species from different pa rts of the reservoir are also
of irnterest. The results show that a larger proportion of the

A.nebulosus at station A 25 contained copepods and Chironomidae

than of the A,nebulosus at station B. This reflects the abundance
of these two foocds at the two stations. Station B is an area of
sandy shore with patches of J.bulbosus agg. where copepods and
chironomid larvae are not numerous, whilst station A 25 is an area
of steeply sloping stony bank on which copepods and chironomid

larvae are abundant.

L"}.



A.bipustulatus.  St.B.

A.nebutosus.

A.nebulosus. St.A25. .

Deronectes sp. Barbrook and Romsley Reservoirs.

- e 2 =a BB

60—
40—

G.natator. St.8.

Percentage of besties containg each food.

20

-
L

80
60 Gaatator. $t.8-10.
40 -
20

-

v
o ] © . : O
hd - = ]
] ] 3 . L . - - E . 09
s . . . o -
- v o » -] o [ - -1
8 & S 9% =£ =2 2 5 $ s o8 8¢
- o - =z o> xS xS v - ~E SO o
e -0 ° T o2 Xg X3 v 82 r Ve 2g 0
¥eo o¢ > < S0 &> &7 a =2 (-} vyo - g . %
o e< = v £2 oc oo o SO S as = o &
2v 5 < o v v v o 3 3 8+ §° ¢

Figure.12. Fercentage of water beetles of each species
containing each type of food material.’




The bulk of the food of Gyrinus natator at stations

B and B -10 was formed by small Diptera of the family Sciaridae,

and genus Bradysia. These small Diptera occur in large numbers on
the banks of the reservoir between May and September and often

fall onto the water and become trapped there by surface tension
effects. This sﬁows that, although G.natator spends part éf its
time pelow the water surface, it feeds mainly at the surface on

small floating insects. The presence of alga (Microspora sp.) in
over 80% of the G.natator at sTtation B where mats of this filamentous
alga rest on top of the J,bulbosus agg. and break the water surface,
and the virtual absence of alga in the specimens from B -iO where
Microspora sp. is confined to the stones on the bottom, gives further

proof that this species is a surface feeder.

The general conclusions are that during September, at least,
G.natator feeds mainly on small floating insects whilst

D;lZ-pustulatus feeds chiefly on small aquétic organisms such as

copepods and chironomid larvae. A.nebulosus and A.bipustulatus,

however, take a variety of foodg, including rather larger animals
such as Corixidae and their nymphs and the dipteran Scopeuma sp.

To what extent the Gorixid material found in these two species was
taken by active predation and to what extent by eating dead corixids
is, unfortunately, still not clear. On one occasion, however, a
specimen of A.nebulosus was observed to attack an adult male of
C;germari and this shows that the two Agabus¥spp. do attack living

Corixidae.,

It is not possible to determine the feeding habits of

‘the Hydradephaga larvae by examining their gut contents. Specimens

4,



of various sizes have been kept in jars together with a ﬁarieﬂy of
other animals collected from the reservoirs. They will attack most
small moving objects and have been observed to kill and feed upon
chironomid larvae and corixid nymphs. They have also been observed
to kill teneral adulits of C.germari but have never been seen to
kill adult corixids whose exoskeletons had hardened and darkened,

though a number of attacks upon such Corixidae hﬁve been watched.

The fore-gut contents of many specimens of C.germari
'have been examined but the contents‘have usually consisted simply
of unidentifiable granular material of a brownish,.greenish or
reddish shade. -In a few specimens, however, portions of filaments
of Microspora sp. have béen found, For example, out of 18 individ-
uals collected on 23,10.58, eight were found to contain small
quantities of this alga amongst the fore-gut contents and out of
25 specimens collected on 25.4.59 four specimens contained portions of

Microspora sp. Occasional adults of C.germari have been taken in the

: r
net with a chironomid larva or a Lumbriculus variegatus impaled on theg

mouthparts and chironomid larvae have been attacked by adults and by
. nymphs 3, 4 and 5, whilst in a sorting dish full of water. Nymphs

1 and 2 are kept in jars under laboratory conditions have been
ébserved to feed on small chironomid larvae and also on instar 1 and
2 nymphs that had died. Neither adults nor nymphs, however, have
been seen to attack living adults or nymphs, though egg cannibalism
has been observed in thié species under- laboratory conditions. If a
number of ovipositing females are kept togéther in a jar and provided
with some vegetation to oviposit upon and if the eggs laid are

examined daily, it is found that eggs which apveared quite sound when

4s.



laid may appear transparent after a few days. Mjcroscopic examin-
ation of these eggs shows that they consist simply of a hollow shell
gnd in some cases it is possible to locate the hole made in the

sheXl by the stylets of the adults. Evidence that this also occurs

in the field will be given later.

Specimens of C;germari in the field and in the laboratory
have been observed manipulating sand, peat and alga with their palae

but it has not been possible in such cases to see what, if anything,

they were feeding on.

Thus it is clear that C.germari feeds on soft bodieg

aquatic animals and probably also on the alga Microspora sp., but

to what extent, if amy it takes any other types of food is still

not clear.
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SECTION B.

BIOLOGY, ABUNDANCE, MORTALITY AND BIOMASS OF C.,GERMARI.




X. THE LIFE HISTORY, DISTRIBUTION AND BIOLOGY OF C.GERMARI

IN BARBROOX RESERVOIR.,

(1) Introduction and brief survey:-

(i) Annual cycle:- The annual cycle of C.germari
in Barbrook reservoir is shown in Figure 13 and the evidence
upon which it is based will be given below. Fig.l3 is based

on the 1958 sampling results.

(ii) Number of nymphal instars:- Rousseau (1921) has

described the five nymphal instars of C.punctata and gives a
synonsis of the characters by means of which the instars can be
separated from one another. The following translation of part of
Rou%éau's synopsis has been made :-

"Instar 1l:- Elytral rudiments not distinct,
Posterior edge of mesonotum is continuous. Head not separated from
thorax dorsally.

Instar 2:- Elytral rudiments small, not reaching
thelmiddle of the sides of the metanotum. Head separated from

thorax.

Instar 3:- Elytral rudiments leave the external
part of the apex of the short wing rydiments free and do not reach the
level of the centre of the posterior edge of the metanotum.

Instar 4:- Elytral rudiments do not reach the
posterior edge of the first visible abdominal segment. Wing
rudiments reach the base of the second visible abdominal segment,
their extremity is therefore not covered. The posterior edge of

the metanotum is visible in its entirety.
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: Annual cycle of C.germari.




Instar 5:- Metanotum transverse and is
prolonged on either side as a wing rudiment whose extremity is
hidden beneath the apex of the elytral rudiment. Strigil
(where present in the adult male) is sometimes visible through

the integument of the male instar 5 nymphs".

Rousseau's characters regarding the lengths of the
elytral and wing rudiments relative to one another and to the
abdominal and thoracic segments and also his observation that
the head is not clearly demarkated from the thorax in instar 1,
can be used to separate the nymphs of C.germari into five supposed
instars. Simple outline diagrams of the anterior dorsal regions
of each of these five stages are given in Figures 14, 15, 16,17,

and 18 for comparison with Rousseau's synopsis.

Samples of C.germari nymphs were thus sep%%ted into five
supposed instars. Thirty-two specimens of each supposed instar
were picked out at random and their lengths and head capsule widths
were measured using a monocular micPoscope with a micrometer
eyepiece. No overlap in either of these measurements was found
between each successive pair of fhe supposed instars. It is
therefore reasonable to conclude that C.germari has at least five
nymphal instars. The mean measurements for each supposed instar

together with their 5% confidence limits are shown in Table 29.

Dyar's law (Dyar 1890) assumes that, in Lepidopterous
larvae, the width of the head capsule follows a regular geometrical
progression in successive instars. The logaritims of the hend

mean head capsule widths of the supposed instars of C.germari
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KEY TO FIGURES 14 TO 18.

P = Pronotum.

M =  Mesonotum

Ma =  Metanotum.

E = Elytral rudiment.

W = Wing rudiment.

Al = First visible abdominal segment.
A2 = Second visible abdominal segment.

A3 = Third visible abdominal segment.



INSTAR.I.

Figure.l4.



L. Imm 3

INSTAR 3.

Figure .16,



INSTAR 4.

Figure,17,

Imm._

INSTAR.S. “

Figure 187




Instar. Mean length in mm. Mean head capsule width in mm.
+ 5% confidence limits. + 5% cogjfidence limits.
I 173 + .015 0*18 + *028
2 2,60 + +158 1:05 # *006
3 335 + 026 1-40 + *002
L Le7?7 + -011 1°83 + -00k
5 6:45 + 039 2:18 + .00
Table 2



nymphs are shown in Figure 19. The figure approximates to a
straight line and thus shows that Dyar's law is approximately
true for the nymphé of C.germari and that no instar exists between the

five already postulated for this species.

Thus the evidence shows that C;germari has five nymphal
instars and this agrees with the statements of such writers as
Poisson (1933), Griffith (1945) and Sutton (1947) regarding
various other corixid species, though Caroli (1924) found only

four instars in C.monticelli.

(iii) Nuﬁber of generations per year:- The occurrence
of more than one generation per year in certain species of Corixidae
has been demonstrated by severgl writers. For example, Larsen (1938)
found two generations per year in C.praeusta, Hungerford (1919)

showed that the North American species Palmocorixa buenoi has two

generations per year, and Poisson (1923) claimed that, in north-west

Fpance, C.striata (Linn.) has several generations per year.

The existence of only one oviposition period per season
(See Figure 23), the distribution in time of the five nymphals
instars (Figures 20 and 21), and the fact that the first teneral
adults were found on July 24th and August 15th in the years 1957
and 1958 respectively, together with the fact that no fully
developed egss were'found in the oviducts of the females until
the spring folléwing their emergence, show that C.germari has only

one generation per year in Barbrook reservoir.
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\Logciruhn of meon head capsule widths of the supposed
instars. extreme volues for each group are also shown.
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! Nymphal instars as percentages of nymphs caught.
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(2) Distribution of the adults within the reservoir:- o

The mean catches of C.germari adults per S.N.S. from
various sections of the shore are shown in Tables 30 and 31 for the
years 1957 and 1958. The data show that, during both years, the
abundance of adults was considerably greater on section A 100 to
A 300 than on any of the other sections. Also, the abundance
on section A 100 to A 300 shows definite trends during the course

of the season whilst the abundance: on the other sections does not.

It is likely that the abundance of animals on stopy
shores will be related, to some extent, to the size, shape and
arrangement of the componenpﬁstones. Thus, within certain limits,
a shore of smaller, irregular stones stacked together in an
irregnlar manner Qill provide more crevices, to give shelter from
predators and wave action, and a relatively larger area of exposed
stone surface for oviposition, and for the grazing of food animals
than will a shore composed of larger more regular stones fitted
together in a more systematic way. Sections A 100 to A 300 and
E 130 to A -10 can be used to test this hypothesis so far as
C.germari is concerned. Section E 130 to A -~10 has already been
described as a length of shore made up of large cuboidal blocks of
local sandstone hewn to shape and fitted wlosely together. There are,
however, crevices up to 2 ég:ﬁw%aé)and 4O cm. (16 in.) deep between
some of these blocks, within which Corixidae and water beetles can
be observed to move about., ' The data in Table 32 give some indica-
tion of the size of these stone blocks. For comparison, the
weights of thirty stones picked up at random from section A 100 to
4 300 have been determined., The density of these stones has been

52.



A100 to A300| E130 to A-10| Bl0 to C-20 | D50 to E
S.N.S.8 per 156 14 12 12
sampling date.
Date.
3.4,57. 890+ 134 0+6 * 066 0+8 £ 059 0e2 * 0036
17.4.57, ge3 + 2011 0%1+0+21 004 £ 0032 0e3 + 025
1.5.57. 10:2 + 388 142+ 0+86 048 £0+66 0+8 £1+08
15.5.57. 11+8 * 380 0¢6 +0+40 0+1 +0002 0+1+ 0018
29.5.57. 6+2 + 2476 0e5 + 0e44 0e1 %0402 0+2 + 0036
12.6.57. 10¢2 + 384 20141627 | 1.7%1.32 0e7 +0°61
26.6.57. 0+4 £ 0438 Ie4 +1.54 06 201374
10.7.57. 0 0e1 t0-21 047 002 + 0233
24.7.57. 1.2 £110 0e3 £0047 140 003 £038
7.8.57. 5.4 £2e79 202 £ 104 3+0 1°9 *1¢66
21.8.57, 29+0 % 5416 140 * 1405 2:6%1°12 146 £135
4,9.57. 2045 * 6914 200 +1+29 404 £069 048 + 083
18.9.57. 4447412483 09 £1+05 146 + 087 0°1+ D18
2.10.57. 76+0t23+96 200 % 1017 7e6 42052 102 £ 084
16.10.57. 87:0%13+21 20142430 206 £1-07 1¢1t0+87
30.10.57. 9205220073 0°6 £ 0+49 103 £ 097 0°6 078
13.11.57. 406 £ 2022 049+ 0+57 003+ 0031 146 £1°64
24,12,57. Qe t0'58 06 * 094 004 £ 057 0+5 £ 042

TABLE.30. Mean catches of adults per S.N.3.on the various seoctions of

shore during 1957,together with their 54 confidence limits,
On the dates 12,.6.57 to 7.8.567 inclusive only 9 S.N.Ss were

made on section D50 to L.

wvere made on section Al00 to A300.
On the dates 10.7.57 to 7.8.57 inclusive only 3 S.N.S3.s were
made on section BlO to C-20 and on 26.6.57 only 6 S.N.S.s

On the dates 26.6.57 to 7.8.57 inclusive only 12 S.N.S.s
were made,



Al100 to A300)E130 to A-10 | B10 to C=-20| D50 to E
S.N.3.8 pei 20 14 12 12
sampling date.
Date.
20,1,58, 5¢0 X 0°73 048 20972 0°9*0°09 0°9+0°88
28.3.58, 8e0* 231 0°5 +0°43 247 £0°03 1°7+1-18
11.4.58. | 2egrils29 0°6 *0°54 2°4 £1%66 1*8t125
25.4,58, - | 9.9%3-13 0°2 % 033 1°3+1°00 0
9.5.58, 105 £ 308 0920076 | 4+543°51 0+7+073
23.5,.58, 103 +1°* 90 4°9 *1-22 495 +2°79 1°3 > 095
6.6,58, 2.6 +0°89 294 % 077 5¢3 +5-18 648461
4.7.58, BT 1002 2°9%1:34 9°9%4+06 | 17+0*13°08
18.7.58. 4°1+138 0'6 +0°61 6°5 %387 247 %175
1.8.58, 3-4+1°20 |- 0 1+9*+1.12 04920°73
15.8.58. 2:6% 175 0+1+0°15 10 %123 043t 031
29.8.58. 10.6 208 0+4+0°29 | 1-2*0°32 2°4+1°92
12,9,58, 16-1% 4°63 0°9 0453 ! 207 ¥ 127 1+5+ 2922
26,9.58, 64:8*12+53 2:6 £ 097 65 £ 6°10 1+5+0°78
10.10.58, 74-0+14+13 10 * 067 9+3 *3+84 3:2+2468

TABLE.31. Mean catches of adults per S.N.8. on the varlous sections of
shore during 1958,together with thetr 5% confidence limits.
On 20.1.58. only 15 S.N.3.s were made on section Al00 to A300,
On 4.7.58,18.7.58 and 1.8,58 only 8 S.N.S.s were made on

section K130 to A-10.



Length (cm.)| Breadth (cm.)] Depth (cm.) Volume (cc.)
97 25 35 85,000
97 36 38 133,000
70 44 45 138,000
52 44 : 29 62,300
56 43 35 84,300
60 38 28 64,000
77 30 26 60,000
30 11 26 8,500
93 33 30 92,000
75 25 28 52,500
59 46 27 73,300
68 30 38 77,600
42 35 27 39,000
55 | 35 31 59,800
60 65 28 188,000
58 29 33 50,600
83 23 28 53,500
62 23 30 42, 900
40 28 ' 27 30,300
47 63 27 80,000
55 65 33 118,000
39 23 31 27,900
52 49 30 76,500
48 22 25 26,400
121 32 24 93,000
79 29 35 80,000
55 40 1 24 53,000
102 47 24 115,000
27 11 28 83,000
53 27 28 40,000

Mean volume = 72,900 2 13,900 co.

TABLE.32. Dimonsions of 30 stone blocks selected at random from

section E130 to A-10.



determined as approxihately 2*5 g/cc. and hence the volumes

of the stones have been calculated and are shown in Table 33.
Comparison of these two Tables shows that there is a consideralle
difference in the mean sise of the stones on the two sections of

- shore. Such differences would give rise to a large difference
between the two shore sections in the number and size of available
crevices and in the area of exposed stone surface per unit area of
substratum, even if the shape and arfangement of the stones were
similar on the two shore sections. The observed differences in
stone shape and arrangement must further accentuate this effect.
Thus the data suggest that the differences in abundance of C.germari
between sectionm A 100 to A 300 and E 130 to A -10 may be a result
of differences in the c&nstruction of the reservoir walls in those

two sections.

The other two sections of shore for which abundance data are
given in Tables 30 and 31 are, in one case, sandy shore and, in the
other case, é wall built up of stones larger and more regular than
those of section A 100 to A 300 and smaller and less regular than
those of section E 130 to A -10. In both these cases the amount of
shelter provided and the area of exposed stone surface per unit area of
substratum are probably considerably smaller than on section A 100 to
A 300, and might therefore be expected to give smaller catches of
C.germari per S.N,S. than the latter section.

It can therefore be seen that the abundance of C.germari
adults on different sections of the shore can be related to the
‘physical nature of the substratum on those different sections of

shore. Even so, it is important to note that C.germari reaches its
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Weight (g.) Volume (cc.)
2,660 1,073
276 117
250 102
1,610 650
730 204
300 124
454 183
326 138
418 169
1,460 589
965 389
722 201
226 91
283 » 114
173 76
531 215
510 206
156 63
261 103
248 100
2,470 998
453 176
219 89
156 63
142 57
163 66
1,950 786
965 . 389
562 223
566 228

Mean volume = 2721101 oco.

TABLE.33. Weights and approximate volumes of 30 stones
selected at random from section A100 to A300.



greatest abundance on precisely that part of the shoreline which is
sheltered fromw wave action caused by the prevailing west and south-
west winds and this suggests that the frequence with which severe
wave action occurs on the various sections of shore may also be
.important in influencing the distribution of C.germari within the
reservoir,

During 1958 the abundance of adult C.germari in the Ramsley
and Little Barbrook reservoirs waé measured in terms of the mean catch
per S.N.S. The results are shown in Table 34 and they show that the
abundance of the species in those two reservoirs was comparable to the
abundance on sections E.130 to A -10, B 10 to C -20 and D 50 to E of
Barbrdok_reservoir (See Tables'BO and 31). Ramsley reserveir has less
mgcroflora and less organic material on the substratum than Barbrook
reservoir, whilst Little Barbrook reservoir has more of both, but
neither of these two reservoirs has any section of shore similar in
construction to section A 100 to A 30N of Barbrook reservoir. This
suggests that, so far as C.germari is concerned, the physical

structure of the substratum is important.

(3) Distribution of the adults at different devths :-

Walton (1943) states that C.germari probably lives in
deeper water than most other svecies and that, in one water body,
he found it to be very abundant in water at least one metre deep.
Data have been collected at Barbrook reservoir which support
Walton's statements.

On twelve dates during 1957 net sampling was carried out at
0°5 m. depth as well as the usual 1°0 m. (3 ft.) depth. The results

are set out in Table 35 and show that, on all occasions, the adults
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Pate Mean catch per S.N.S. and 5% confidence limits

Iittle Barbrook Ramsley
14.4.58 | 0-8 + 51 05 + °52
12.5.58 06 # °51 0:3 + 27
7.6.58 | 0°7 + °*48 0.2 + *38
7.7.58 | 6°9 % 361 ok £ *35
5.8.58 0.2 % °06 o.
30.8.58 | 6°4 4+ 269 01 # °1k
30.9.58 L3 _4_;1-62 0.6 + *09
21.10.58 | 15 + °52 1°8 + °09

Table 34. Abundance of C.germari adults in Ramsley and Little
Barbrook reservoirs during 1958. Based on 20 S.N.S.s

at each reservoir on each sampling date.



Date No. of 8.N.S.s | Mean catch per S.N.S. with 5% cogfidence
at 05 m. limits where these could be calculated.
0°5 m. 10 m.
1.5.57 20 26 10°2 + 3°88
15.5.57 20 1-9 11-8 % 3-80
29.5.57 20 1.3 6.2 + 2:76
12.6.57 20 2:6 10.2 # 384
21.8.57 15 2:3 + °52 29.0 + 5-16
4.9.57 15 3.7 & 59 20°5 & 6°1h4
18.9.57 15 be? 4 270 44,7 & 12+83
2.10.57 15 3*1 + 1.76 70°0 + 23°96
16.10.57 15 27 +1+03 870 # 13-21
30,10.57 15 1.7 92:5 + 20:73
13.11.57 15 0 b6 & 222
24.11.57 15 0.1 0:6 + 0-58
Table 35. Compar'ison of the abundance of Cifiermari at 0-5 m.

and 10 m. depth on section A 100 to A 300 of

Barbroock reservoir.



were much more abundant at 1°0 m. (3 ft.) depth than at 05 m.(1:5 ft.):
Popham (1943.a.) studied the depth distribution of C.dorsalig,

C.fossarum and C.distincta in six Lake District habitats. He

sampled at a range of depths from 0:5 to 3°5 ft. (0:15 to 1+1 m.)
and found that nearly 90% of his 1123 specimens were taken at a
depth of 05 ft.(0+15 m.) and that all the resty apart from

3 specimens taken at 2:5 ft.(0.75 m.) were found at a depth of 1.5ft.

(Oo 46 m. ).

During 1958, pairs of traps were operated in various
depths of water from 033 m. (1 ft.) to 2¢33 m. (7 ft.) between
the net sampling stations A 200 and A 250. Two traps at 0:33 m.(1 ft.)
suffered considerable damage and gave no useful results but the other
pairs of traps wére not damaged to any great extent and the total
catches of each of these pairs of traps during each trapping period
are shown in Table 36. Although such trap data must be interpreted
with considerable reserve, the re§mlts show that C.germari is
abundant at depths as great as 2:33 m.(7 ft.). The total catches at the
various depths for the whole trapping season suggest that the
abundance of adults reaches a maximum at a depth of about 1°0 m.
(3 ft.) and then falls off élowly at greater depths, at least until

a depth of 2°33 m. (7 ft.) is reached.

Thus, both net and trap sampling give results which
agree with'Walton's statement that this species lives at greater
depths than most other British species appear to do. Comparison of
the net sample data for C.germari in Barbrook reservoir with
Popham's results for three other species gives a striking illustration

of this point.
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(4) Sex ratios on section A 100 to A 300 :-

The sex ratios in the trap catches have already been
considered and possible explanations of the remarkably high percent-
age of males in the spring and early summer trap catches as compared
to the percentageg in the net samples have already been put forward.
It will therefore be assumed here that the sex ratios of the trap
cgtches are not a true representation of the sex ratios in‘the

field and attention will be concentrated on the net data.

The net sample ratios for each of those peripds of the
year when they might have been expected to be fairly stable, namely
the spring to early summer and the autumn periods, have been
analysed statistically. In each period the results were found
by a Chi~squared test to be heterogeneous and it has been necessary
to omit.éertain samples from each period in order to obtain
homogeneity and hence to estimate the overall sex ratio for that
period. This procedure is not very s;£isfactory but it has been

necessary in order to obtain an estimate of the sex ratio for each

period.

The samples of the o0ld generation (spring to early summer)
adults for 1957 were scored for sex and the results are shown in
Table 37A. The tétal numbers of males and females for all of the
samples were found and these were taken as representing the expected
ratio of males to females. A Chi-squared test was then applied to
the data and it was found that they were not homogeneous at the
5% level of confiidence. Examination of the Table shows that the
da%§/%%§;i§§gggg§ 8awp¥ing dates give similar sex rgtios but that

-the data for adjacent dates do not. It seems, in fact, that there
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(A)

Date. 3.4,58, } 17.,4,58.[/1,5.58.|15.5.58.| 29.5.58.| 12.6.58.| Totals
Males observed. 55 52 77 61 48 63 356
Pemales observed, 65 89 77 - 115 45 95 486
Totals. 120 141 154 176 93 158 842
Males expected. 51 60 655 75 395 67
Females expected. 69 81 885 | 101 53+5 g1

Chi-squared. *546 1857 3¢514 | 4553 30179 415
Expected ratio:- males:females :: 356:486 :: 42¢5:575,

Total Chi-squared= 14¢06 with 5 degrees of freedom,

Thus P<e02 and the results are not homogeneous at the 5% confidence

level,
(8)

Date. 3.4,58. 1.5.58. | 29.5.58,
Chi-squared. 533 058 269

Expected ratlo :- males:females :: 180:187 :: 49:51.
Total Chi-squared= 0¢86 with 2 degrees of freedom.
Thus P >+5 and the results are homogeneous at the 5% confidence level.,

(c)

Date. 17.4.58. 15.5.58. 12.6.58,

Chi-squared. 0 * 380 550

Expected ratio :- males:females :: 176:299 :: 37:63,
Total Chi-squared= 0+84 with 2 degrees of freedom.

Thus PD>e56 and the results are homogeneous at the 5% confidence level.

TABLE.37. 0ld generation sex ratios for 1957,



was a fortnightly alteration between saﬁples giving a sex ratio
of about 1:1 and samples giving a marked excess of females.
Separation of the data into these two groups and Chi-squared
testing within each group (Table 37B and C) shows that eaéh of
these two groups is homogeneous. The reasons for this regular

fluctuation in sex ratio remains obscure.

The 0ld generation data for 1958 are shown in Table 384,
Again, a Chi-squared test shows that the data are-not homogeneous
at the 5% confidence level. The highest values of Chi-squared
are given by the samples taken on 11.4,58, 25.4.58, 1.5.58 and
12.6.58; If these samples are omitted and the value of Chi-
squared is recalculated (Table 38B) fhe data are found to be
homogeneous and give a sex ratio of 57 males to 43 females. As the
data for all the samples cannot be used to obtain a statistically
satisfactory estimate of the sex ratio, the result obtained from
Table 38B has been taken as the most reliable estimate available
and has been used in subsequent calculations for which the sew

ratio durirg the spring to early summer of 1958 is required.

The sex ratios of the new generation samples for 1957
and 1958 are shown in Tables 394 and 40A, respectively. Tpe results
.for each of these years are heterogeneous and therefore certain
samples have been omitted in order to obtain estimates of the
sex ratios. The data for both years give sex ratios fairly close
to a 1:1 ratio, though the 1957 sample data were found to be
heterogeneous at the 5% confidence level when two of the samples

had been omitted from Table 39R,
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The sex ratios during the decline of the old generation
and emergence of the new generation in 1958 are shown in Tablekhl.
The data show the general trends in the sex ratio quite clearly.
It can be seen, that,during the period when the o0ld generation
was obsérved to be decreasing in abundance,(See Table 48), the
percentage of males amoxgst the survivors increased and this shows
that the females &ied slightly earlier than the males. The sex
ratios of the new generation adults give no indication that there
is any difference in the time taken by nymphs of each of the sexes

to reach the adult stage.

(5) Stridulation and Copulation.

Observation of C.germari under field and aquarium conditions
has shown that the male generally attempts to copulate with a
swimming female. The male seizes the female, the two animals
rise together to the waterlsurface and then, either the genitalia
are engaged and the copulanté swim to the bottom together, or, the
animals part company and swim away from one another. It is therefore
possible to obtain an approximate idea of the amount of copulation
taking place in the field by noting whether many or few such pairs
were observed at the water surfacg duripg eaqh day's sampling.
Such observatons were made during 1958 and the following pattern

was observed along section A 100 to A 300 :=-

(a) Three pairs observed attempting to copulate on 17.4.58
when the water temperature was S-OOC.

(b) Large numbers of pairs observed on 23.4.58, 24.4.58,
?5.#.58 and 30.4,58 when the water temperatures were 9.0, 8:0, 90

and lO'5°C respectively.
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Date Nultber Percentage of males.
examined
01d generation.| New generation.| Whole sample.

20.6.58 105 56 56
23%.6.58 108 66 66
26,6,58 95 72 72

4.7.58 194 66 66
10,7.58 125 45 ks
18.7.58 | 81 53 53
24.7.58 77 69 ' 69
1 1.8.58 67 83 | 83

7.8.58 34 88 88
15.8,58 51 84 84
21.8,58 148 96 54 62
29.8.58 211 - 100 60 70

4,9.58 154 100 54 ' 61
12.9.58 322 56 56
18.9.58 537 5X 51
26.9,58 1295 53 53
10,58 | 697 53 53

- Table 41. Sex ratios during the decline of the o0ld generation
and emergence of the new generation in 1958. After
4,9,58 it was not possible to separate the remnants
of the o0ld generation from the hew, so all specimens

were treated as new generation material.



(c) After 1.5.58 the number of pairs observed decreased

until by mid-May they were only seen very occasionally.

During 1957 very few pairs were observed attempting to
. copulate and it is therefore important to note that the winter
of 1956 to 1957 was a very mild one and that when collecting began

on 3.4,57 the water temperature had already reached 10°0°C.

Lagsen (1938) states that the time of pairing in water
bugs depends on the water temperature, and Poisson (1933) states
that mating does not generally accuq at temperatures lower than
11°c. This would explain the 1958 observations on C.germari and
would suggest that a temperature: of about 8°¢ is requirgd by this
species before copulating occurs on a large scale. It would also
explain the failure to observe more than a few pairs attempting to
copulate during 1957, for the relatively high water temperature
early in the year would mean that the main copulation period of
the season would be over by the time observations began. The belief
that copulation is not attempted below a certain temperadure value
is further supported by the fact that males collected from the field
on 3.3.58 and kept in jars at 20°C were observed to stridulate and
attempt to copulate, although no such behaviour was occurring in the

field at that time of the year.

Thus the present observations on C. germari support the
view that a certain minimum temperaﬁure ié required before copulation
takes place but show that the minimum temperature for this species
is several degrees lower than the'llOC observed in other species by

Poisson.
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The methéd and function of stridulation.in the Corixidae
has received a great deal of attention from a number of writers.
Most modern authorities incline to the view of Mitis (1935) that,
in the sub-family Corixinae, the sound is produced by rubbing a
field of pegs on the fore: femur over the sharp edge of the head
capsule. Males of C.germari stridulating in aquaria have always
been seen to make such a movement during sound production. Adult
males of C.germari, collected from the field and kept in aquaria
have been observed to stridulate at all times of the day but do so
chiefly at dusk. Tpese males have been observed to stridulate

whilst swimming as well as when at rest.

Stridulation occurs only during the part of the year when
copulation is taking place and it is therefore almost certain to
have some significance in the process of reproduction. Its exact
function, however, is not very clear. Leston (1955) and Schaller
(1951) state that the stridulation of male Corixidae attracts the
females for mating and have found that males reply to artificial
sounds or the calls of other males. Similarly, Pringle (1954)
states that the singing of Cicadas serves to assemble local popul- ‘
ations into small groups for copulation. 1In the present work
C.germari was observed in jars kept in the laboratory and the
stridulation of the males was observed to excite other males and to
cause them to stridulate too, but it did not have any noticeable

effect on the females. The males showed little igterest.in

resting females but when they encountered a swimning female copulation

was usually attempted. Thus it would appear that the recognition
and location of members of the opposite sex is primarily a.response

to a visual stimulus, at least over distances of a few centimetres,
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and that the females play a paésive part in the process. It is
possible that stridulation may draw animals together from larger
distances before visual recognition takes place. Thus, though
these observations are not necessarily opposed to the conclusions
of previous worKers, they do suggest that it would be useful to
assess the possibility that stridulation in the Corixidae is

primarily a means of social stimulation between males.

(6) The egg and oviposition.

The eggs of the Gorixidae have been described in a general
way by Packard (1898). The number of fully developed eggs in the
oviducts of the females of C.germari in ﬁarbrook reservoir during
the 1957 and 1958 seasons and also the percentages of the females
collected in 1958 that were found to contain such eggs have been
determined by dissécting samples of females collected from section
A 100 to A 300. The results are shown in Tables 42 and 43. The
fully developed egg within the oviduct has a firm integument, a
peduncle, a basal attachment disc and the characteristic dpical
micropyle (see photograph 16) and can therefore be readily
distinguished from.the developing ova. The data in Table 42
cleady show an increase in the mean number of fully developed eggs
within the oviducts throughout the oviposition period. This shows
thét the eggs are continually being developed during the oviposition
ﬁeriod and thus the rate of change of the mean number of eggs in the
oviducts will be related to the rate of egg production and the rate
of oviposition in the following way :- If $8a is the mean rate
of accumulation of eggs in the oviducts of the population sampied,

84 is the mean rate at which eggs are produced within the
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Date. Mean number of fully developed eggs per female.
3.4.57 6’8

17.4.57 9.0
1.5.57 9:2

15.5.57 11-3

29.5.57 10°3

12.6.57 116

P6.6,57 ' 15.4

Table 42. Mean number of fully developed eggs per female
during 1957. After 26.6.57 the old generation
females died and no eggs were found in the oviducts

of the new generation females until 2.4.58.



Date., Mean no. of fully developed Percentage of females
eggs per female. containing eggse.
28,35.58 0 o
2.4,58 0e3 % 59 4
11.4.58 03 % 37 10
15.4.58 1.8 % <80 51
17.4.58 1-8 * +69 41
25.,4.58 8¢3 t1e26 87
1.5.58 8*3 *1+05 96
9,5,58 8eg 124 100
15.5.58 T7e7 *100 100
23.,5.58 706 *1e59 98
29,5,58 el # o99 98
6.6.58 100 2401 98
12,6458 113 %1.13 99
20.6.58 "102 1136 97
26,6,.58 120 *1-29 100
4.7.58 9e2 Y170 95
10.,7.58 10«3 t1+66 95
18,7.58 99 1238 86
24,7.58 5¢3 *2e05 . 65
1.8.58 5e2 * 319 45
5.8,58 1+6 29

TABLE.43. Mean numbers of fully developed eggs per female and

percentages of females containing such eggs during

1958,




the females and + do is the mean rate of oviposition by the

population sampled, then :-

§a = éd - 30
Thus when 8a is positive &4 > do
and when da is negative 8o = §a

It must, however, be noted that this may nof be quite true during
periods when the ovipositiﬁn rate is very low, for Poisson (1923)
states that at low temperatures eggs are fétained by the female

and slowlyldegenerate. Nevertheless, counts.of the fully developed
eggs in the oviducts Qill give a rdugh measure of the relative rates
at which egg production within the females and oviposition go on.
.It is clear that during 1957 the mean rate of egg.production exceeded
the mean rate of oviposition throughout the oviposition period. The
reasons for this will be considered later. The data for the 1958
oviposition period (Table 43) show that in the early part of the
season the rate of egg production exceeded the rate of oviposition

" so that eggs accumulated in the o&iducts. Later on the mean number
of eggs in the oviducts of the females fell, showing that the rate of
oviposition had become greater than the raterf egg production. The
same point is illustrated by the percentages of the females examined
that were found to contain fully developed eggs in their oviducts

(Table 43),

Banks (1939) has described the egg of C.germari. The egg
illustrated in photograph 16 is one dissected out of the oviduct

of a female and shows the small attachmentAdisc, the micropyle region
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KEY TO PHOTOGRAPHS 16 and 17.

B8
1}

- micropyle.

o
fl

- basal disc.
¢ = cement.

s = substratum.

The measurements refer to the length of the integument of the egg

along its longest axis, excluding basal disc, cement and substratum.









and' the shape of the egg. Each egg is attached to the substratum by
a substantial quantity of brown cement which completely hides the
small basal attachment disc (Phétograph 17). The shape of the egg
is such that when the egg is attached to a plane surface the egg

is inclined at an angle to that surface.

After about.S days at 16°C “the eyes of the instar 1 nymph
can be seen thrbugh the integument of the egg as a pair of small
reddish spots. Subsequently, the eyes become larger and the red
dorsal abdominal glands and limbs of the nymph can be seen (Photo-

graph 18).

Banks (1939) found that the eggs of C.germari hatched in
about 20>days but did not state at what temperature. In the present
work the time taken to hatch at é number of temperatures was
determined. Seven jars were set up, each containing forty 2 x % inch
glass specimen tubes half full of water. Water was then put in the
jars until the water level in each jar coigcided with the Level in
the tubes. Freshly laid eggs collected from the field were used in
the experiment and one was placed in each tube. Each jar was then
kept at constant temperatire, the temperdures used being 5, 10, 20, 25
and BOOC. The seventh jar was kept at 5°C for seven days and was
then kept at 2500 until hatching occurred. The jars were examined
daily and the number of eggs hatching at each temperature on each day
was noted. The résults for the four highest temperatures are
summarised in Fjgure 22, but hatching at 10°C toock too long for
daily observations to be continuedAand it is only possible to state
that at that temperature hatching toock between 46 and 56 days.

Figure 22 shows that the relationship between hatching time ahd

temperature is very roughly linear.
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Poisson (1933) studied the effect of temperature on the
embryonic development of C.lateralis. He found that between
0 and 9°C embryonic development‘was arrested and the eggs could be
preserved for 10 to 12 months if cooled down in the early stages
of development. The eggs of C.germari kept at 5°C for seven
days did not show any signs of development, but when the temperature
was raised to 25°C hatching Sccurred in 6 to 7 days. Other
C.germari eggs kept at 5°C for 4 months did not show any signs of
deveiopment during that period. These observations on the eggs
of C.germari agree with Poisson's statements regarding the egg of

C.lateralis. Now, assuming Figure 22 to approximate to a straight

line and assuming that the number of degree-~days above the threshold
value required for complete embryonic development is very roughly
éonstant at all temperatures studied, it is possible to calculate

that the threshold vale is about 8°C and that between 90 and 120
degree~-days above this temperature are required for complete embryonic
development by C.germari. Clearly the assumptions made above are not
strictly true and the values used in the calculation are not
sufficiently accurate to gime very reliable estimates of the
threshold value of of the number of degree-days required for
deﬁelopment, but the figures derived above do, at least, give a

means of estimating very roughly how long the eggs of C.germari

will take to hatch at any giveh temperature.

The results so far presented show that the eggs of C.germari
can hatch even at the abnormally high temperature of BOOC (See Fig.3).
Nevertheless, the results obtained suggest that there is a marked

fall-off in percentage hatching success at temperatures above 20°¢c
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and that the optimum temperature, under laboratory conditions,
lies between 10 and 20°C. Thus, in the experiment described
above, the pércentages of egsgs ﬁatching.successfully were 40,
47.5, 40, 35 and 5 at temperatures of 10, 16, 20, 25 and 30°C

respectively.

At eclosion the integument of the egg is split from the
micropyle region for about half to one-third g??iength of the egg
into a series of 6 to 8 petal-like strips (Photograph 19) and the
nymph emerges through the space so formed. In the case of eggs
hatching in the laboratory, the nymphs have occasionally been
observed to be attacked by the fungus Saprolegnia sp. whilst in
the process of emerging. This has not been observed in the field.
Griffith (1945) found that the integument of the egg of R.acuminata
was split into four strips at the a&pical end during eclosion. The

number of strips is greater and rather more variable in the case of

C.germari aggs.

Specimens of C.punctata, C.wollastoni and C.sahlbergi kept

in jars in the laboratory were found to oviposit readily on a variety
of materials including dead leaves, small twigs, Elodea sp,

-

Juncus effusus s&&en, Equisetum stem, fibrous peat and even the glass s

sides of the jars. Leston (1955) studied C.punctata, C.dorsalis and

C.falleni under laboratory conditions and found that these species

would oviposit on pieces of Elodea canadensis and that they usually

chose pieces more than 2 cm. lomg. He also found that females of

C.castanéa provided with Elodea and Juncus communis oviposited on
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both with no suggestion of preference. In the present work

iyhas found that specimens of ¥germari kept in jars in the
laboratory would cwipgsit. - on pieces of Chara and on J.effusus
stems, the eggs usually being laid at night and placed on concealed
parts of the plant material. As a result of this, it was assumed
that C.germari had similar oviposition habits to the other species
mentioned above, Therefore, in 19§§%§%§¥k§¥£§9bundles of
J.effusus stem were tied to stones wrapped in black mosquito
netting, such as was used on the fraps, and were submergedin the
reservoi%igggtion A 100 to A 300, The bundles of Juncus stem

were examined at intervals of one week, On 30.4,58 no eggs were
found on the Juncus bundles, but eggs were found on the traps at
©all d?pths and on the stones used to anchor the Juncus bundles.
Examination of the ordinary stones of the substratum showed that
eggs had been laid on them too, but handfuls of J.bulbosus agg.

and dead stems of J.effusus and grass from sectioﬁ B 10 to C -20
were carefully examined without any eggs being found. These observ-
ations show that although C,germari will lay eggs on dead or living

vegetation it shows a marked preference for stones.

On the same data 50 stones from 0.5 m. (1.5 ft.) depth were
carefully removed from the stony bank of section A 100 to A 300.
The orientation of each stone when lying on the bottom was noted and the
ﬁumbers of eggs on different parts of eaeh stone were determined.
Thé results are summarised in Table 44, Division of the surface of
each of a number of irregular stones into the four regions shown in

this Table is a somewhat arbitrary matter and care must be exercised
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Total number of eggs.

Top of stone

Bottom of stone

199

Chi-squared =199

P < 00X

Overhung sides and crevices

Vertical and upward-facing sides

72

22

N

Chi-squared =26+6

P < ‘001

Table 44, Parts of stones selected as oviposition sites. Fifty

stones were examiged and thirty-seven of them had eggs

on. The figures quoted are the total numbers of eggs

on the different regions of these thirty-seven stones.




in drawing conclusions from such data. Nevertheless, if, as

seems reasonable, it is assumed that the top and bottom surfaces
have about the same area, it is-possible to compafe the total
number of eggs on each of these two parts ©f the stones by means

of a Chi-squared test. Such a test has been applied to the data
in Table 44 and shows that significantly more eggs are laid ogf the
lower than on the upper surfaces of the stones. The eggs laid on
the sides of the stones have been divided into those laid on over-
hung sidéds or in crevices and those laid on upward-facing or vert%?i
surfaces. A Chi-squared test shows that significantly more eggs

are laid in the former than in the latter places.

Thus C.germari not only shows a preference for stones as
oviposition sites but also shows a marked preference for the concealed

or downward-facing surfaces of those stones.

The habit of ovipositing in concealed and therefore ofken
dark places amongs%he stones suggest®that, durinmg the oviposition
period, the females of C.germari might differ somewhat from the males
in their response to illumination. Sych En effect would help to explain
the high proportion of males in trap samples taken during the
oviposition period. To test this possibility a simple experiment
was performed. A small enamel dish was set up with a 1. em. (+25 in.)
to 1¢5 cm (+37 in.) layer of Barbrook reservoir sand on the bottom
cpvered by about 3 cm. (+75 in.).depth of water. Twenty females
of C.germari were placed in the dish and half the top of the dish

was shaded by means of a piece of- cardboard. The dish was then placed
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in the sunlight in such a position that half of it was illuminated

by the sun and haif was shaded. After 15 minutes the number of
insects in each half of the dish was determined. The position of the
cardboard was then altered so that the halves of the dish under shade
and sunlight were reversed and the experiment was repeated. This
process was continued for five trials with each sex and the results
are shown in Table 45K A Chi-squared test showed that there was no
significant difference between the numbees of males in each of the

two halves of the dish but that the females showed a significant

tendency to position themselves in the less brightly illuminated half.

The rate of oviposition during 1958 was determined on section
A 100 to A 300 by placing at a depth of 1°0 m. (3 ft.) a series of
five stones of similar size and shape each of which was wrapped tightly
in a piece of the blackened netting used on the traps. At intervals
of seven days the stones were examined and all eggs laid on the stones
and> netting were removed and counted. The results are shown in
Table 46 and Figure 23. It is only reasonable to assume that the
oviposition rate on these stones at different times in the season is
proportional to the rate on section A 100 to A 300 as a whole if it
can be shown that even the highest number of eggs recorded per stone
éer week represented a considerably lower egg density than would be
obtained on a similar stone from which the eggs were not periodically
removed, Sych a site was placed in the reservoir on 30.4.58 and when
it was removéd on 11.9.58 it had 566 egges on it, of which 433 had
hatched.  This shows that the number of eggs deposited on the five
sites during each week was limited by the oviposition rate of

the animals and not by the egg carrying capacity of the sites. Hence
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Trial Males Females
Shaded Unshaded Shaded Unshaded

1 13 7 15 5

2 13 ? 14 6

3 12 8 16 4

I 9 11 17 3

5 12 8 - 13 7
Totals 59 4y 75 25
Chi-squared Z.24 250
Probability > *05 <7 *001

Table 45.




Date. Number of eggs removed on each date.| Total eggs remomed by
1| 11|11t dv| Totals. each date as % of the
seasons total * 5%
confidence limits.

26.4.58 o 0| o] of © o] o]

1.5.68 20| 26| 23| 23] 26 118 242 2.7
8.5,58 21| 32| 71| 66112 302 77 t 2480
15.5.68 | 34| 60| 76| 63| 75 288 130 L 2463
22.5.68 | 68| 40| 49| 43| 38 238 174 * 2047
29,6,68 | 16| 31| 33| 34| 53 167 20-4 + 2042
5,6.58 40| 62| 88| 49| 83 332 26+5 t 232
12.6.58 | 60| 111|128 66| 85 460 34-9 + 2.18
19.6,.58 | 134 | 116|136 {126 |136 645 468 L 215
26.6.58 | 90| 129(108( 88|117 532 56+5 * 179
3.7.58 127} 131|127 865|103 573 671 + 156
10.7.58 | 170 | 165158 119|112 724 8063  t 1:20
17.7.58 | 65| 181| 89|124| 50 509 897 + 087
24,7.58| 48| 69| 90| 45| 69 321 95¢5 057
31,7.58 9| 34| 34| 14| 52 143 982 ¥ 0436
7.8.58 16 | 11| 8| 14( 15 64 99+4 + 0-21
14.8,58 3| ,8] 2 41 12 26 98-8 * 008
21.8,58 0 o] 2 3 4 9 100

28,8,58 0 o] o] of O 0 100

TABLE.46. Numbers of eggs

section AlOO to

laid on five stonegj(i to v) on

A300 during 1958.
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the data in Table 46 can be taken as a relative measure of the rate

of field oviposition in 1958.

Figure 24 shows the mean number of eggs laid per site per
week, the mean number of fully developed eggs per female found in
samples of females, and the water temperatures during the 1958 ovi-
position period. Poisson (1933) states that the onset of oviposition
in the Corixidae is governed by temverature and that it will not occur
at temperatures lower than 9 to 10°C. Fijgure 24 shows that, although
the females contained fully developed eggs before the temperaure
reached 9 to lOOC, no egrs were laid until that ta@eraturg7§eached.
Duyring 1959 oviposition sites were placed in the reservoir on 21.4.59
when the water temperature was 9-O°C. No eges were found on the
sites on 22.4.59when the water temperature was 9'5°C, but eggs were
found on 24.4.59 by which time the temperaure had reached ll-OOC.

Thus these data for C.germari agree with Poisson's statements regarding

the Corixidae in general.

(7) Flight:-

Popham (1943 a) has shown that adult Corixidae are stimulated
to flight by high temperatures, overcrowdinggand unsuitable backgrounds.
He suggests that flight is a means of escaping from an unsuitable
habitat or of reducing abundance in an excessively crowded habitat.

A similar poirt is made by Brown (1954) who, on the basis of light
trap collections, states that dispersion by flight takes place chiefly
in the spring and the autumn. Brown suggests that the spring

dispersion is of overwintered adults and probably occurs before
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breeding, whilst the autumn dispersion is of new generation adults

and is probably a response to exeessively high population densities.

Regarding the climatic conditions required for flight,
Popham'(1952a, 1952b) states that under normal conditions go flight
occurs at temperamres lower than 15°C and he suggests that no flight
occﬁrs during the winter months. The fact that hot, still days
appear to stimulate Corixidae to flight was noted by Macan (1939).
Poisson, Richard and Richard (1957) claim that the greatest amount
of flight acitivity coincides with large fluctuations of temperature,
humidity, pressure and the proximity of storms. These three workers
also claim that periods of flight activity are associated with full

and new moons.

Attempts at flight by C;germari were observed at Barbrook
on 3.10.57, 23.4.58, 30.4.58, 1.5.58, 22,4.59 and 23.4.59. The
water temberatures for the last five dates were 9°0, 10°5, 11-0,
9.5 and 10+0 °c respectively, and on all dates the air temperature
; was about 20°C, fhis shows that C.germari will attempt to fly when
the water temperature is lower than the 15°C postulated by Popham.
Each of the days when attempts at flight were observed were hot days
with relatively light winds. The insects were observed either
to emerge from fhe water onto the shore and attempt to fly from there
or to attempt to fly from the water surface. It was noticeable that
during short periods when the sun was obscured by cloud the animals
on the shore retreated into the water and those ofi the water surface

submerged themselves. (Wigglesworth (1950) draws attention to
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the importance of insolation as a means of raising the body temper-
atures of various insects to e suitable level for flight activity and
also to the fact that when insects exposed to direct insolation

are shaded their body temperature falls rapidly. Such effects will
be particularly important in the case of aquatic animals whose body
temperatures on emergence from the water are usually several degrees
lower than air temperatures in the shade. In addition, C.germari
does not carry out any preliminary wing vibration as a means of raising
its body temperature prior to flight. Thus the pause between
emergence from the water and attempted flight, which was observed by
Popham and interpreted by him as a period of wing drying, may also. be
'important,in the case of upland species, as a period when the body
 temperature ishmised by insolation to a level sufficient for flight
to occur, Also, if this be the case, then it is highly probable
that suitable conditiéns for nocturmnal flight occur very rarely in
large uprland water bodies such as Barbrook reser&oir where the water
temperatures énd the night-time air temperatures are likely to be

well below 20°C even during most of the summer.

Although large numbers of C,germari have been observed
attempting to flv from Barbrook reservoir, almost all of them fl?w only
a metre or two befére falling back into the water or onto the shore
and less than ten svecimens have been observed to succeed in flying away
from the reservoir. This sugrests that flight from Barbrook reservoir
has a negligible effect on the abundance of C.germari in the reservoir,
a view which is supvorted by the fact that there was no detectable

deicrease in the catch per S.N.S., on the sampling occasion folldwing

71.




any of the observed "flight days'" as compared to the catch per S.N.S.,

on the sampling occasion preceeding each "flight day".

The species composition of catches of flying or immigrant

Corixidae have been studied by Thomas (1938), Brown (1951-2), Leston

*and Gardmer (1953), Leston (1954) and.Poisson, Rijchard and Richard(1957).

The data given by these writers are from various places in the south

of England except for the last three who worked in France. Although
the species composition of each of the samples will depend to some
extent on the species present and their relative abundance in each
area, and possibly also oh thé relative susceptibilities of the
various species to capture in light traps, comparison of the data
shows tthat there is a general tendency for five species to predominate

in these samples. These species, C.dorsalis, C.praeusta, C.lateralis

and C,sahlbergi, are all lowland species which often occur in small
water bodies which are liable to be unstable as regards water level
and changes wrought by man. For species living in such places great
mobility may be very useful as a means of maintaining or i£creasing the
number of habitats occupied by the species and in remedying temporary
extinction of the species in particularly unstable water bodies. TFor
such species as C;germari which occur chiefly in larger, more stable
water bodies large scale dispersion by flight may be a disadvaqtage
owing to the fact that the larger type of water bodies favoured by this
species will, in general, be scarce and hence the probability of flying
individuals finding a suitable habitat to land in will be very small.
During early June 1959 a preliminary experiment was conducted on

" C.germari, C.wollastoni and C.sahlbergi in an attempt to estimate the

relative willingness of each of these species to fly. Two trials were
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made for each species. For each species an enamel dish was set

up containing bottom material from the habitat where the specimens

of that species were collected. The dishes were filled with water

to a standard level and the bottom material was arranged so as to

form a sloping ramp coming up from the water at one end of each dish.
Fach dish was then illuminated by means of a 100 watt electri€ bulb
‘shining obliquely onto the water at the shallow end of the dish from

a distance of 1'5 ft. (0+5 m.). In the first trial 15 individuals of
each species were put into the appropriate dishes and the number of
specimens remaining in each dish was noted every half hour. The results
are shown in Table 47. In the second trial, 10 individuals'of each
species were used. The results are shown in Table 48. Ny specimens
of C,ggermari flew from the dish during either trial and a Chi-squared
test showed that, in both trials, significantly more specimens of

C;sahlbergi and of C.wollastoni than of C.germari flew from the dishes.

This again suggests that C.germari is not e species that flies readily,
"though further trials at different times of the year would be reguired
in order to preve this pointiconclusively. No physical reason has

been found for the apparentl& poor powers of flight in this species,

the wings are quite well developed and in the specimens so far dissected

the flight muscles appeared to be adequately developed.

The evidence so far available therefore suggests that dispersion
by flight is not important to C.germari as a means of reducing excessive
abundance, though the relatively small numbers that do fly from

Barbrook reservoir might be a means of establishing the species in new
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Time Temperature"(oc.) C.germari C.wollastoni| C.sahlbergi
(hours) of water
0 I6-5 15 15 15
0°5 17°0 15 4 15
1°0 17°5 15 14 15
1°5 185 15 13 14
20 20°0 15 12 1z
2*5 200 15 11 12
3°0 21°0 15 10 11
5:5 21°0 15 10 10
*0 22°0 15 10 9
Table 47. The numbers of each of three s»ecies still present in

the dish after each half hour period. The numbers of

C.germari which flew and did not fly from the dish

during the four hour period were compared with the

corresponding values for each of the other svecies by

means of 2 x 2 contingency tables. The values obtained

were :- C,germari and C.sahlbergi, Chi-squared = 8-64
and P< *001; C.germari and C;wollastoni, Chi-squared

= 6°00 and P< *001.




Time Temperature (°C.)|C.germari| C.wollastoni | C.sahlbergi
(hours) of water

0 19°5 10 10 10
0«5 20°0 10 10 9
1-0: 21°0 10 9 6
15 - 210 10 7 5
2:0 22°0 10 6 b
25 22°5 10 4 L
50 22°5 10 3 1
35 220 10 3 1
I+ O 22°0 10 2 1l

Table 48. Explanation as for Table 47, except that the data for
C.germari and C.sahlbergi gave Chi-squared = 16°36 and P<oos,

the data for C.germari and C, wollastoni gave Chi-squared

= 1330 and P<Z *001.




habitats and of maintaining it in nearby habitats less favourable

to it than Barbrook reservoir.

On 30.4.58 samples were téken of the specimens attempting to
fly from the reservoir. Forty-three specimens were taken from the
sandy shores ét B, and 35 (81%) of these were found to be males.

From the water surface on section A 100 to A 300 seventy-eight specimens
were collected, of which 37 (47%) were males. A net sampple of
swimming specimens taken from section A 100 to A 300 4eien-on 1.5.58
contained 222 specimens of which 140 (63%) were males. The sex ratios
of these three samples were tested by Chi-squared methods which showed tl
that the two samples of insects which attenpted to fly differed signif=-
jcantly from one another and from theisample of swimming specimens,

so far as sex ratio was concerned.

The females collected on 30.4,.58 whilst attemptirig to fly from
the water surface were dissected ahd most of them had fully developed
eggs in their oviducts, Thus if they had managed to fly to a new

habitat they would have been able to lay fertile eggs.

(8) Parasites of C,germari.

An internal parasite occurred commonly in specimens of
C.germari from Barbrook, Ramsley and Little Barbrook reservoirs. This
is probably a gregarine protozoan but so far it has not been identified.
This parasite has also been found in occasional specimens of C.praeusta ,

C.,wollastoni and G. Propinqua from Barbrook reservoir and in a specimen

of C.venusta from ILittle Barbrook reservoir, but has not been fournd in
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Corixidaé:from the Duckpool on Big Moor. A similar parasite has

been found in specimens of C.distincta, C.wollastoni and C.carinata

from upland reservoirs in Teesdale, Co. Dyrham.

The cysts of this parasite can easily be seen as spherical,
white objects up to 1°0 mm, in diameter lying in the haemocoel of
the host. Tables 49 and 50 and Figure 25 Show the seasonal
fluctuation in percentare of C,germari material from section A 10C
to A 300 that contained these cysts. 1In 1957 and 1958 ﬁone of theﬂ
specinens contained cysts at the beginning of the emergence of the
new generation adults, though cysts were occasionally observed in
instar 4 and 5 nymphs, but during the winter and spring the
percentage increased anq by early summer it reached a value of 90
to 100%. These figures,being based on counts of only one stare
in the life cycle of the parasite, do not necessarily show the
- true infection rate in the host species and& even if this point be
ignored there is no indication that the parasite is directly
responsible for the death of the host, for in 1958 90 to 100%
of the hosts contained the parasite for about three months before
the numbers «of C.germari began to decrease. Even so, it is
likely that the host suffers some loss of efficiency from the
presence of the parasite and that the parasite influences the
rate of breakdown of corixid material after death.

| Several small field experiments were conducted to examine
the possible effects of the parasite on the host. 1In only~
one case was it possible to demonstrate any marked
difference in behaviour or performance betweep individuals contain-
ing cysts and those not containing cysts. On 23.4.58

seventy-six specimens of C.germari were collected
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Date. Percentage containing cysts £ 64 confidence limits.
0ld generation. New generation.

3.4.,57. 47 + 262

17.4.57. 42 *+ 12+8

1.5.57. 50 * 9+6

15.,5.57. 73 + 82

29.5.57. 94 * 57

3045457, 84 * Teb

2.6.57. 95 * 44

2646457, 97 + 4¢0

25,7.57. 0

78457, ) ' 17 * 9¢6
21.8.57. 32 * 8¢5
4,9,57. 26 * 6-1
18.9.57. 29 + 3.8
2,10.57. 29 * 5¢0
16.10.57. 27 £ 5e5
30.10.57. 35 t 658
13.11.57. ' 36 £ 6.1
24.12,57, 46 * 207

TABLE.49. Percentages of specimens containing parasite cysts during 1857,




Date. Percentage containing cysts L 5% confidence limits.
0ld generation. _ New generation.

20.1.68. 56 > 69
5.,3.68. 44 +12-2
28.3.58. 36 +11-56
2,4,58, 35 & 132
11.4,.58. 42 + 14+0
15.4.58, 46 * 10-9
17.4.58. 47 % 9.8
25,.,4.58, 6l * Q-8
1,5.58. 60 L 9°3
9,5,.58. 64 * 94
15.5,58. 73 + 8°+8
23.5.58. 79 + 8°1
29,5.58. 76 + B+5
6.6458, 74 * 8+6
12.6.58. V 91 * 57
20.6.58. 93 + 5-1
26,6.,58. 96 t 39
4,7.58, . 97 * 3+4
10.7.58. 99 * 20
18,7.58. 99 T 20
24,7.58. 99 + 2.1
1.8.58. 99 t 20
7.8.58. 100
16.8.58. 88 * 43 0
21.8.58. 100 0
29.8.68. 88 *t 43 1 %19
4.9,58, 87 + 14¢6 2 * 2e8
12,.9.58. 10 + 6+0
18,.9.58. 11 & 6+3
26.9.58. 11 £ 6°3
2.10.68. 13 * 647
10.10.68. 12 * 65
16.10.58. - 18 + 77
4.11.58. 17 + 77
29,12,568. 35 ' 99

TABLE.60. Percentages of specimens contalning parasite cyste during 1958,
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from section A 100 to A 300 whilst attempting to copulate and 51%

of these were found to contain parasite cysts. When the ratio :-
Number of specimens containing cysts : number not containing cysts,
was compared with similar ratios for the net samples taken on 17.4,.58
and 25.4.58 by means of 2 x 2 contingency tables, Chi-squareds of

- 0°14 and 1°66 ( P >°70, P>>'10) were given. Thus the provortion
of copulating specimens containing cysts did not differ significantly
from the prpportion in the net samples taken at the same time of the
year. On 30.4,58 the proportion of cyst-containing individuals in

a sample of C.,germari attempting to fly from the shore at B was compared
to the proportionim the net samples taken on 1.5.58. A Chi=-squared
value of 051 ( P> *30) was given, thus showing no dignificant
difference between the two sample ratios. 4 similar comparison
between a sample of specimens azttempting to fly from the water surface
on sectin A 100 to A 300 on 30.4,58 and the net sample for 1.5.58,
however, give Chi-squared = 35.13 ( P<*00l), which shows a significant
difference between the two sample ratios. I+ has thus been shown
that infection with the cysts of this parasite does not affect the
readiness with which C.germari attempts to copulate or to fly from

the shore, but that it decreases the readiness with which it will
attempt to fly from the water surface. Observation of C.germari
under laboratory conditions has shown that females containing cysts
are able to Iay viable eggs but it has not been possible to ascertain
whether or not the parasite has any effect on the number of eggs laid
or on the propdrtion that hatches.
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The eviknce available suggests that this parasite is well
adapted to its host and that its effects, if any, on the host are
too suﬁ}e to be readily detected by the methods used in the present

work.

A The immature stages of certain water mites aré fairly common
ectoparasites of Corixidae (Poisson, 1935), (Popham, 1943b), Kirkaldy,
1905, Lansbury 1955, Soar 190X, Leston 1955, Griffith, 1945) and
Leston (1955) has shown that infection with these mites decreases the
chances of a corixid individual overwintering successfully. These
mites are not important in the'water bodies studied for, of all the
Corixidae collected, onlvy two specimens (both of them C.praeusta
from Station Delta of Barbrook reservoirs) were found to be carrying

such ectoparasites.
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XI. CHANGES IN THE ABUNDANCE OF C.GERMAPI THROUGHOUT THE SEASON.

(1) General considerations.

Section A 100 to A 30C is the only part of Barbrook
reservoir where C;germari is present in sufficient numbers for
seasonal changes in its abundance to be assessed with.any accuracy.
Tt has been shown (Tables 30 and 31) that the abundance of the adults
shows little variation throughout the season on sections of shore other
than A 100 to A 300 and it has therefore been assumed that there is a
negligible change in the abundance of adult C.germari on A 100 to A 300
_as a result of movement between shore sections. 'The resﬁlts obtained
tend to justify this assumption. Regular estimates of the nymphs
have not been made on sections other than A 100 to A 300 so this
assumption does not necessarily apply to them and, therefore, the net
estimatds of nymph abundance on section A4 100 to A 300 may not be a
reliable measure of the number of nymphs produced there. An estimate
of the total number nymphs produced during the season by the adults
on section A 100 to A 30C has therefore been obtained from the ovi-

position and hatching success data.

(2) Abundance of the adults.

The data uséd are contained in TabYes 30 and 51 and are
illustrated in Figures 26 and 27. It will be seen that in Figure
26, which shows the mean catches of adults per S.N.S. :i?onfidence
limits, the abundance of the adults remained fairly steady from
April to mid-June in 1957.and then fell off and reached & zero on
10.7.57. After this the new generation began to appear and a
maximum abundance value was reached during the latter half of

October. Following the attainment of the maximum abundance, the
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Date, - " Mean catch/S.N.S. * Date. Mean catch/S.N,3. %
. 5% confidence limits. 52 confidence limits.
20.1.58, 5¢0 t 0473 1.8.58. 3.4 ¥1.20
28.3.58, 840 & 2031 7.8.58. 17 Z 0e72
1.4.58. 1-1 £ 0°20 15.8,58, 246 £ 1+75
11,4.58. 30 *+ 1-29 21.8.58. 7-4 ¥ 2457
17.4.58. 8+4 * 2466 29.8.58. 106 * 208
25.4.58, 909 * 3.13 4,9.58, 77 t 2430
1.5.58. 111 * 508 12.9.58. 16+1 * 463
9.5.58, 106 * 308 18.9.58, 269 * 5481
15.5.58. 12-3 * 1.84 26.9,58, 648 £12+53
23.5.58. | . 1043 * 190 2,10.58, 3449 + 626
29,5.58, 1140 + 3410 8.10.58. 72+7 £14486
6.6.58, 247 + 089 8.10.58, 841 t 2477
9.6.58. 10+9 + 324 10.10.58, 74-0 £14+13
12,6.58. 10+0 £ 201 11,10.58. 840 £11+77
20.6.58, 5:3 * 186 13.10.58. 865 15466
23.6.58. Beq + 127 14.10.58, 7645 £13.67
26.6.58, 48 * 141 15.10.58. 615 £ 12427
4.7.58, 9+7 X 1.02 16,10,58. 48.7 £13.48
10.7.58. 63 ¥ 2411 20.10.58, 73+0 £20-11
18.7.58. 41 £ 1.38 23.10.58, 597 ¥ 9.73
24,7.58, 3¢9 ¥ 1-06 4,11,58, 47+5 + 7.83

TABLE.51. Mean catches of adults per S.N.S.on section Al00 to A300 during 1958,

X denotes dates on which appreciable wave action was observed on

section Al00 to A300 (See Table.2,).
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catch per S.N.S. fell rapidly. The fall-off in July coincided with
the water 1eve1 falling below the level of the stony bank on section
A 10C to A 300 and on the basis of the 1957 data alone it is not
vossible to tell whether the fall in abundancé was due chiefly to
mortality or to dispersion. The 1958 results, however, suggest
that mortality is the main cause of this summer decline in abundance.
As the autumn maximum of abundance was reached in 1957, the number
of nymphs on section A 100 to A 300 became small and emergence of new
generation adults covld be regarded as virtually completed. The
abundance values for 1958 are contained in Table 51 and are shown

in Fig. 27. In this latter figure the 5% confidénce limits are
omitted from some of the October data for the sake of clarity. The
1958 abundance data show a similar basic pattern to those of 1957,
“but the old generation abundance fell off more slowly than in 1957.
Although the emergence of the new generation began later in 1958
than in 1957, there was some overlap of the two generations in 1958

but none in 1957,

It will be noted, however, that Figure 27 shows certain
dates on which the catch per S.N.S. was remarkably low. These low
valuew: were obtained on days when the wind speed and direction
(see Table 51) were such as to cause severe wave action on section
A IQO to A 300 and it is likely that on such days the corixids moved
down into deeper water, or moved down amongst the stones of the
substratum and thus became less amenable to net sampling. ©No such

wave action occurred on section A 100 to A 300 on any sampling date

during 1957.
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It will also be noted that the decrease in abundance of
the old generation was interrupted on 4.7.58 and 10.7.58 and this
may be associated with the occurrence of severe floods in the
S.Yorkshire and N.E, Derbyshire region of the night of 1.7.58 to
2.7.58. These floods caused the water level in the reservoir to
rise about 1°0 m. (3 ft.) and then to.fall back about 0°7 m. (2 ft.)

within a period of twelve hours.

‘The fall-off in abundance of the old generation after
12.6.58 was largely a.result of mortality for, during the period
of fall-off, large numbers of dead and dying C.germari were to be
seepnfloating on the water surface and others were observed swimming
errgtically in small circles near the water surface as though they
were losing the ability to coordinate their movements. No attempts

at flight were observed during this period.

(3) Abundance of the eggs.

The abundance of the eggs on section A 100 to A 300
during 1958 has been estimated indirectly by calculation from the
net sample data for nymphs and adults and from direct counting of

the eggs.

On 9.6.58, a day selected because if was a day when the
catch per S.N.S. was not likely to be depressed as a result of wave
action, two séts of 20 S.N.3.s were made with the fine net on section
A 100 to A 300, The first set of sweeps caught a total of 48 adults
rand 171 instar 1. nymphs and the second set gave a catch of 50
adults and 174 instar 1. nymphs. These two sets of results agree

very well and, on the basis of these data, instar 1. nymphs and
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adults were assumed to be preéent in a 3*5:1 ratio. Op the same
date 20 stones were rembved at random from 1°0 m. (3 ft.) depth on
section A 100 to A 300 and 11°6% of these eggs were found to have
hatched. Now if all the samples taken on days when the adult
catch per S.N.S. was depressed by wave action are omitted, it is
possible to combine the catch per S.N.S. data for the 1958 ovi-
position period and to obtain an estimate of the mean catch of
"adullts per S.N.S. over the whole period. By interpolation on
Table 46 it is possible to estimate what percentage of the season's
eggs had already been laid by 9,6.58. The best estimate of the

adult sex ratio during the 1958 oviposition period is Females:Males:
k3:57.

By using these various pieces of information it is possible
to calculate the total number of eges laid on section A 100 to A 300
during 1958 in terms of coarse S.N.S. equivalents. This can be done

in three wavs :=-

Calculation 1.

Data used :-

(a) Of the eggs laid by 9.6.58, 11:6% had hatched by that

date.
(b) Up to 9.6.58 oviposition had been going on for Lo days.

(¢) The total number of oviposition days in 1958 was 99.
(d) Along section A 100 to A 300 on 9.6.58, nymphs and
adults were present in the ratio 3¢5 : 1.

(e) 43% of the adults present were females.
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. (£) During the 1958 oviposition period there were 10 adults
per coarse S.N.S. unit. |
Assumptions made :-

(i) Tyere was a constant oviposition rate throughout tﬁe
oviposition period.

(ii) There was negligible mortality of instar 1. nymphs

prior to 9.6.58.

Calculation :-

Nymphs per female on 9.6.58 = 3:5 x 100/43 = 8+14

R[]

- Hatched eggs per female

by 9.6.58.

.+ . Eggs laid per female in 40 days = 8°14 x 100/116

.. Egrs laid per female per day up to 9.6.58
= 8+14 x 100/11°6 x 1/40

=175

.

s « Total egas per female in the season

=1°75 x 99 x 173
There were 4°3 females per coarse S.N.3. during the 1958 ovi-

position period.

« « Egas laid per coarse S.N.S. unit in the season

= 4.3 x 173 = 7247,
Thus the females oviposited at a mean rate of 1.75 ergs per day
per female and in the whole sdason 747 egrs were laid per coarse

S.N.S. unit.

Calculation 2.

Data used:-
(a) Of the egzs laid by 9.6.58,11+6% had hatched by 9.6.58
(b) Along section A 10C to A 30C on 9.6.58 nymphs and
adults were mresent in the ratio 3°'5 : 1.
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(¢) 43% of the breeding adults were females.

(@) the breeding adults had an abundance of 10 per coarse
S.N.S. unit.

(e) 33% of the season's eggs were laid by 9.6.58 (Derived
from Table 46).

Assumptions made :-

(i) The rate of oviposition on thehet covered stones,
described on page 68, was proportional to the oviposition rate. on
section A 100 to A 300.

(ii) Tpere was a negligible mortality of instar 1. nymphs
prior to 9.6,58.

Calculations ;-.

Eggs laid per female up to 9.6'.58 = 814 x 100/11-6

Total eggs laid per female during the whole season

=:8-14 x 100 x 100
116 x 33

= ~-213%

,*. Total eggs laid in the séason per coarse S.N.S. unit =213xk°3

=916

.*s Mean oviposition rate =213/99 = 2°15 eggs per female per day.

Thus the females oviposited at a mean rate of 2°'15 egps per female

per day and in the whole season 916 eggs_twere laid per coarse S.N,S.

unit.

Calculation 3.

Data used :=-

(a) 8°7 nymphs per fine S.N.S. were caught on 9.6.58.
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(b) In the samples taken from 4.7,58 to 12.9.58
(bmitting 15.8.58) the total catches of instars 2, 4 and 5 in fine
and coarse nets were in the ratio 1 : 1°9.

| (c) Of the egzs laid by 9.6.58, 11°6% had hatthed by
9.6.58.

(d) 33% of tme season's éégs had been laid by 9.6.58.
Assump»tions maje :-

(i) The rate of oviposition on the net covered stones
desqribed on page 61 was proportional to the oviposition rete on
gection A 100 to A 300,

(i1) The ratio of fine net catches to coarse net equivalents
for instar 1. on 9.6.58 was pronortional to the ratio for
instars 3, 4 and 5 between 4.7.58 and 12.9.58. |

(iii) There was negligible mortality in instar l.nymphs
prior to 9.6.58,

Calculation :-
Number of instar 1., nymphs per coarse S.N.S. unit on
9.6.58 = 87 x 19

-« « BEg~s per coarse S.N.S. unit laid during the whole season

=87 x1'9 x 1002
11°6 x 33
= 432

. o

. + Mean oviposition rate = 432/99 x 4'3 = 1°00 eggs ver female

per day.

Thus the females oviposited at a mean rate of 1°00 eges ner female

per day and In the whole season 432 eggs were laid“per coarse

S.N.S. unit.

Of these results, that given by Calculation 1 is refjected

on the grounds that it is based on the unsound assumntion that the
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oviposition rate was constant throughout the season. The result
given by Calculation 3. was rejected because it was inconsistent
with other results in two particuiars s

(a) An oviposition rate of 1-00> eggs per femzle per day
is remarkably low for, as will be shown later, females kept under
laboratory conditions will lay eggs at a rate approaching this.

(b) It will be shown later that only about 58% of the eggs
laid produced nymphs. This heans that if only 432 eggs are laid
per coarse S.N.S. unit the maximum possible number of nymph::zohld
have been taken by net sampling during 1958 would have been of the
order of 250 per coarse S.N.S. unit,assuming no nymph mortality
at all took place during the season. In fact mean cat€hes of up
to 300 or 400 nymphs per coarse S.N.S. unit weré recorded during
1958. The magnitude of this discfepancy suggests that the result
of Calculatioh 3 is not a reasonable one unless a large movement of

nymphs from other parts of the reservoir to section A 100 to A 300

is postulated.

Calculation 2 has therefore been assumed to give the most

reliable estimates of mean oviposition rate and total eggs laid during

the 1958 season, but even these figures must be regarded as an under-

estimate because they rest on the assumption that no mortality occurred

in instar 1. during the few days between the commencement of hatching
and 9.6.58. The mean oviposition rate given by this calculation has
been checked by means of two simple experiments :-

(1) On 14.5.58 fourteen females of C.germari were collected

from the reservoir and were kept out of doors in a jar containing sand,
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water and 4 in. (20 cm.) lengths of J.effusus stem. In eight days

they laid a total of 78 eggs and hence the mean oviposition rate was

0?7 eggs per female per day.

(ii) For severél week§ a field experiment was conducted
in which a single female was placed in each of eight,syall netting
cages containing stones. The cagses were then placed in the reservoir
at a depth of 10 m. (3 ft.) on section A 100 to & 300. After a
number of days the cages were removed and the eggs on the stones
in each cége and on the inside of the netting of each cage were removed
and counted. This process was repeated six times over different
periods of from 2 to 15 days, using newly collected females on each
occasion. The results are shown in Table 52. The mean oviposition
rate for the whole experiment wgs 1¢0 eggs per female per day.
In both of these experiments the conditions were obviously sub-optimal.
in the first the animals lacked their preferred oviposition sub-
stratum and may also have been overcrowded and short of food, and in
thé second experiment the animals were constrained in cages and could
not visit the surface to renew their physical gills. Although only
two specimens died in the course of the first experiment and about
10% in the second this alone would case the mean oviposition rate to
be lower than in nature and also suggests that the survivors were
living under unsuitable conditions and were probably ovipositing at a
lower rate than normal. This therefore shows that the value of 2:15
eggs per female per day given by calculation 2 as the mean oviposition

rate is a reasonable one.
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(4) Abundance of the nymphs :-

The estimates of nymphal abundance for 1958 have been
shown in Table 9 and Figure 9 and although these are not verj
reliable estimates they do show the approximate abundance of the
nymphs on section A 100 to A 300. They also show the way in which
the abundance changed throughout the season and the bimodality of
the abundance polygon in Figure 9 probably reflects the bimodality

of the oviposition data (See Fig. 23).
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XII. MORTALITY IN THFE VARIOUS STAGES.

It has been shown that reasonably reliable estimates
of the relative abundance of the different stages of C.germari
can be obtained and these can all be expressed in terms of the
coarse net S.N.S. Although this sampling unit gives nd measure
of the abundance of the stages per unit area of substratum it
does give a method of comparing the relative abundance of the
various stares throughout tﬁe season, and hence of measuring the

mortality in each stage.

If the abundance of the old generation adults per S.N,.S.
is assumed to be constant for the periods 3.4.57 to 12.6.57 and
28.3.58 to 12.6.58, it is nossible to combine the data for all
. sampling dates within each of those periods @mitting those dates
in 1958 when the catch per S.N.S. was depressed by wave action) and
obtain estimates of the abundance of the breeding adults in each year.
By treating the data for the periods-16.10.57 to 30.10.57 and
8.10.58 to 14.10.58 in a similar way it is possible to obtain
estimates of the number of new generation adults produced eack year.

The results are shown in Table 53.

The egg mortality was estimated by direct counting. Samples
of eggs were taken on five occasions during 1958 by collecting 10
or 20 stones from a depth of 1°0 m. (3 ft.) on section 4 100 to A 300

and removing all the eggs from each stone. The eggs from each stone
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Abundance in coarse Abundance in coarse

S.N.S. units,1957. S.N.S. units, 1958.

Breeding adults. 9.3 + 1.21 10°0 + 0-80

New generation adults. 90°0 + 11°85 79°6 + 5°04

Table 53. Abundance of adults during 1957 and 1958, expressed as

mean catches per coarse S.N.S. unit + 5% confidence limits.




The eggs from each stone were theh placed in a separate tube of
L% formalin solution. By examining.thé eggs at a magnification
of x14 under a binocular microscope it was possible to separate
the eggs into eight categories :-
(1) "Uneyed" :-
Apparently sound egrs which had not reached
the stage of development at which the eyes of the developing nymph

could be seen through the integument (Photograph 17).

(ii) "Eyed'":-
Apparently sound eggs in which the eyes of
the developing nymph coulé& be seen throush the integument

(Pnotograph 18).

(iii) "Hatched" :-
Egpshells showing the characteristic splitting
into 6 to 8 strap;like strips from the micropyle to about halfway
between apex and base’, which is caused by the emergence of the ni%h

(Photograph 19).

(iv) "Hatching" :=
Eggs collected whilst the instar 1. nymph was
in the process of emerging (Photograph 20). 1In no casé was the partly
emerged nymph found to have been attacked by fungus as were certain
nymphs which died durirng emergence in laboratory cultures. Thus
the eggs belonging to this category would probably have hatched

satisfactorily if they had been left on the stones in the reservoir.

(v) "Fungal :=
Eggs of C.germari were attacked by a fungus
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identified as Saprolegnia sp. The fungus first became obvious when

its zoosporangia protruded from the micropyle region of the egg

in a dense tuft (Photograph 21). At a later stage the fungus
disappeared leaving only a relatively smooth~edged and slightly
dilated aperture at the micropyle end of the integument of the egg
and, occasionally, a few fragments of hyphae or ege contents within
the shell (Photogranrh 22). The aperture made by emergirg fungus
is easily distinguishable from that made by the emerging nymph, for
it is smaller and does not cause splitting of the apical part of the
integument into strips. It has not been possible to ascertain
whether the fungus attacks healthy eggs or only those that are

damaged or infertile,

(vi) "Hollow" :-
It has been noted that females of C.germari
ovipositing under laboratory conditions will attack their own eges
and that the eggs attacked in this way ap»ear to be hollow.

Similar eggs have been found in the field samples (Photograph 23).

(vii) "Otherwise damaged" :-

A certain number of eggs in each sample
consisted of damagéd or incomplete shells. 1In some cases the
micropyle region was still intact whilst the sides of the integument
were split or holed and in such cases it was clear that the damage
occurred before hatching. In other cases only the basal part of
the integument remained and it was not possible to tell whether or

not hatching had taken place before the damaged occurred.

0.




KEY TO PHOTOGRAPHS 18 TO 21.

e = eye of nymph.

d = dorsal abdominal gland of nymph.

o
U

- head of nymph.
t = thorax of nymph.
i = integument of egg.
¢ = cement.
as = apical splits.
s = substratum.
f = emerging fungus.
1 = hole left by emergence of fungus.
m = micropyle.

P = hole made by stylets of adult.

The measurements refer to the length of the integument of the egg

along its longest axis, excluding cement, substratum, nymph or fungus.















(viii) "Deteriorated" :-

In the later samples eggs were found which
were intact but discoloured. If these eggs were kept in the
laboratory they did not hatch. Presumably these eggs were classified

as "uneyed" in the earlier samples.

An analysis of the egg samples into these various
categories is shown in Table Sh. A, The same results are shown as
percentages in Table S4.B. and illustrated in Figure 28. By 20.8.58
all but 1% of the eggs had hatched and the data obtained on that
date have been taken as a measure of the egg mortality for the 1958
season. The smaller wmample taken on 17.9.58 gave the same result and
this shows that if anv eges or eggshells do become detached from the
- stones without leaving any trace this causes little or no error

in the estimatebf egg mortality.

One hundred apoarently sound eges were collected from the
stones on section A 100 to A 300 on 17.7.58 and were kent in a jar
in the laboratory uﬁtil 30.6.59 to see whether any egg parasites
emerged from them. Apart from instar 1. nymphs, Saprolegnia sp.,
and alga, no otﬁer organisms were found ir the jar on anv occasion

when it was examined.

The overall eg~ mortality cf 42% obtained from these eggd
counts s'iows that, of the 916 egrs per coarse S.N.S. unit laid during

1958, only about 531 hatched.

From the abundance and mortality values so far derived
the nymphs for 1958 and also the over-winter loss of adults for the
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winter of 1957 to 1958. During the spring of 1959 four sets of
S.N.Ss. were taken on four consecutive days. The results are shown

in Table 55 and, if these data are assumed to be adequate as a
measure of the abundance of breeding adults during 1959, it is
possible to make:;stimate of the loss of adults during the winter
1958 to 1959. The causes of egg mortality have been classified on

a percentage basis, but fqr'therother stages it has only been possible

to list the known or suspected causes of mortality without any

indication of their relative magnitude.

It has already been shown that A.nebulosus and A;bippstulatus

are probably predators on the aduthts and nymphs of C.germari, whilst
the larvae of these beetles are predators on the nymphs of C.germari
The protozoan farasite | cannot be excluded as a poasible
cause of death, though it is more likely to act in gonjunction with
. other factors than on its own. Wave action is a mortality factor,
for large numbers of dead and dying Corixidae can be found cast

" ashore at all times of the year on days following severe wave action
and indi#iduals have occasionally been observed in shallow water

on a sandy, lee shore attempting to swim into deeper water but being
steadily driven nearer the shore by each successive wave. Sydden
fluctuations of water level can also be a cause of death, for on
3.7.58 following the floods of the night of 1 to 2.7.58, large
numbers of corixids, manm of them dead or dying, were found stranded
amongst the grass and‘heather above the water level. Presumably
these insects had moved up into the terrestrial vegetation whilst

it was covered by flood water and had been leff there when the water

receded.
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Date. Mean catch of adults per coarse S.N.S.

+ 5% confidence limits.

21.4,59 20:05 + 2-43
22.4.59 | 21+05 + 496
23, 4,59 2160 + 564
24. 4,59 . 2180 + 4°39
Totail. ' 211 + 2°14

Table . Abundance of C.germari adults during the spring of 1959.
~.germari .




A synthesis of the mortality data fér C.germari is given

in Table 56,

93.




‘UoeERE OTOUM O3 JO ©6an0d oyl uy sodeis 0oyl UZnoqys

Suyesed saequmu B8303 OY3 ouw ueATd sonyea oyz sydwhu puw e3Fe oYz J40J WYY

O3ON°83TUN G N*§ ©6J80D JO SwWIe] UL JaewdeF*H Jo A3[rejdow puv 0oUBPUNQY °9G°FTUYL

‘euyToep *8881
Jqeuumg 1z 2 3 12 | *e3Tnpe Buipeeug
* 8807 ‘8881
(*ea0qe eeg) JOJUTAIO AQ 89 ¢ 3 08 ‘uotysIousd aey
¢ sd038poad
* 6pooTd * £3118%20W
*U0T3I0w eawp gduiy cor €S *gg81 syduiy
*4%2 UPIWY 03 TIe4
*%¢ peBewwp esjmasyao
‘%9 s3TINpPe £q poxdBIdyY
*¥8 enmBung | *A3y183a0uw 3By s8¢ 918 *gge 1" 5393
EXLE) 4 &6
d931858a9d
* spootTd
*gJ03wpead
*UOT308 BABY *euyroep ‘8581
*eouedseUe g Joummg ot 8+0 7 OT | *®3Tnpe Fuipeeag
193788d8d
33uBTTd
* 8d038peagd * 8601 LSBT
*UOT30% oAwy J93UTAJIO AD 08 21308 *uogysloued aey
*837um *g3TuMm
*L£3TTeIdOW | "GO NG OEIBOD | *SON°G @EBIBOD

*£37193408 Jo @08NBd O[QI860d

Jo uotpadiaoseqg

ut ‘£3718300R

uy ‘queseadeoy

*e3w3g




XIII, THE WEIGHTS OF THE VARIOUS STAGES AND ESTIMATES OF BIOMASS.

So far this study has been concerned with the abundance and
mortaiity of the various stages of C.germari ‘in terms of numbers of
individuals.' Owing to the great differences in size and weight of
the different stages, such numerical data do not give any measure of
the weight of living material present at any one time or of the weight
of that material lost by the species as a result of mortality during
any particular period of time. Such information is useful because
it gives a means of comparing the abundance and mortality in terms
of a standard unit and also because a measure of the weight of living
C.germari material present at any given time can be considered to be a
rough measure of the amountof ¥nergy "locked away" in the form of

C.germari individuals at that time.

The weight of each of the stages has been determined by
weighing 10 groups of 25 individuals of each stage. Surface moisture
was removed from the freshly killed animals on a filter paper and equ
group of 25 individuals was placed on a weighed piece of aluminium
foil. The foil + insects was then weighed and hence the weight of
the fresh insects was determined. This was termed "wet weight".
The‘insects were kept on the foil and were-dried at lOSOC until no
further loss in weight occurred. Tpe weight of the foil + dry insects
was then determined and hence the "dry weight'" of the insects. 1In
this way the mean "dry" and '"wet" weights of groups of 25 individuals

of each stage, together withl 5% confidence limits, were determined.

9k,




The results are shown in Table 57, and Figures 29 and 30 show the

mean values for all stases except the old generatinn adults.

Table 57 also shows the mean dry weight of each stage
expressed as a percentase of the mean wet weight. The mean percentage
dry matter of the eggs was considerably greater than that of the
nymphs and this wis probably partly accounted for by the fact that
the eggs uséd were obfained from the oviducts of dissected females
and such eggs would absorb water after oﬁiposition (Banks 1949), so
bringing their percentage dry matter value closer to that of the
nymphs. In addition, the eggs were probably more hea¥ily chitinised
than the nymphs. The nine samples of teneral adults show that these
insects have only about half the dry weight of the hardened and
darkened new generation adults although there is little difference
in the wet weight. The data also show that the m&les of C.germari
are not as heavy as the females, and this would be expected from the

relative sizes of the two sexes.

A simplified version of tite abundance data for adults and
nymphs in 1958 is shown in Figure 31 which is based on data from
Tables 9, 51 and 53. The abundances shown in this figure can be
converted into biomasses by using the weight data in Table 57 and
Figure 32 shows the result of using the wet weight data for such a
conversion. Comparison of Figures 31 and 32 shows that although the
nymphs give the highest numerical abundance of the season (strictly

speaking the eggs give the highest abundance value, but for convenience

adults gives the preitedt~ hiomass value of the year.
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Wet weights of groups of 25 individuals.
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Dry weights of the stages of C.germari.
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Catches per S.NS. 1958 as mg wet weight.
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The weight data can alsb be used to convert the figures
in Table 56 to biomasses and the results given are shown in Table 58
where it has been assumed that the mortality of the nymphs is evenly
%%ead over the five instars. If losses by flight are assumed
negligible then this Table shows very clearly that the greatest
turnover of C.germari material tock place iy the late summer and
early autumn when the later nymphal instars and the new generation
adults were being produced; and during the winter when the bulk of
this fiaterial was returned to the environment as a result of

mortality amongst the overwintering adults.
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Stage Wet biomass(mg.) Dryjbiomass(mg. )

Produced. ' Lost. Produced Lost
Autumn adults 1957| 1429 1271 518 461
Spring adults 1958 273 273 49 ko
Eggs 1958 109 46 48 20
Nymphs 1958 - 1871 - 291
Autumn adults 1958( 1271 937 L6y 3ho
Spring adults 1959 573 573 103 103

Table 58. AQuantities of C.germari reaching each stace and

quantities lost in each stagze expressed as mz.weight

per S.N.S. vunit.




XIV. APPRCXIMATE ESTIMATES OF THE ABUNDANCE AND BIOMASS DATA
IN ABSOLUTE TERMS.

Attention has been paid to relative values of
abundance and biomass, expressed in terms of a somewhat nebulous
unit - the Standard Net Sweep. It is clearly desirable to obtain
some idea of the meanidg of these S.N.S. values in terms of the

abundance and biomass of C.germari per uniit area of substratum.

An attempt was therefore made to estimate a conversion
factor for this purpose. Examination of Table S4A shows that the
mean number of eggs per stone laid by 20.8.58 was about 80.

It is known thag by that date oviposition had ceased, so that a
mean value of 80 eggs per stone can be considered to be
apyrroximately equivalent to a value of 916 eges per coarse S.N.S.
unit (See p. 85). Ir it is then assumed that the eggs are only
laid on the stones of the top layer of the substratum it is
possible to estimate the nurmber of egw-carrying stones ner m2 of
substratum and hence to find the mean number of eggs laid per m2 of
substratum during the 1958 season. Forty counts of the surface
stones lying within a 1/16 m2 gquadrat wefe therefore made on
section A 100 to A 300 and a mean value of 27 + 2:66 stones per
1/16-§e;-m2 was obtained. Thus, roughly 435x80 (= 34,800) eggs
were laid per 2 of substratum during ¥958. This value of 34,800
eggs per m2 corresponds to a value of 916 eggs per coarse S.N.S. unit
and hence values of all stages expressed as coarse S.N.S. units

should be muftiplied by 34,800/916 (‘= 38) to bring them to the
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corresponding values per m2 of substratum. This conversion \
factor is clearly an underestimate, for it rests on the assumption
that no eggs are laid on stones below the Zayer visiblie when the
substratum is viewed from above. On 22.5.59 the water level in
Barbrook reservoir had fallen about a metre below top water level
thus exposing substratum on which ovipositién had already taken place.
Examination of stones from this area of banking showed that, although
some eggs were laid on the lower layers of stones, the great majority
had been laid on the stones of the upper layer of the substratum.
Thus, though the cohversion factor is an underestimate:it seems
likely that the error involved is relatively small aﬁd therefore

the cohversion'factor will, at least, show the order of magnitudé

of the abundance and biomass figues given earlier in this work.

Most of the abundance and biomass data are msummarised in
Tables 56 and 58. The values in these two tables have therefore
been converted to the equivalent values per m2 of substratum to give
some idea of the absolute values of abundance, mortality and biomass

shown by C.germari on section A 100 to A 300 of Barbrook reservoir.

Table 59 is derived from Table 56 and shows the numbers of
the various stages »roduced per m2 of substratum in the course of a
season and the numbers per m2 of each stage which die during a
season. Tgble 60 is derived from Table 58 and shows the values from

that table expressed to the nearest gram weight per m2 of substratunm.

I+ might be considered that the values given in these

tables are excessively high, but Ancona (1933), on the basis of
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Stage. Produced. Lost.
Autumn adults 1957, 3,420 3,040
Spring adults 1958. 380 380"
Eges 1958 34,808 14,630
Nymphs 1958 20,178 16,454
Auturmadults 1958 3,040 2,242
Sprifg adults 1959 798 798

Table « Approximate numbers of individuals of each stage
Pr
produced and lost in each stage, expressed as

individuals per mz.




Stage Wet biomass Dry biomass
Produced! | Lost Produced|T.ost
Autumn adults 1957 sS4 48 20 18
Spring adults 1958 10 10 2 2
Eggs 1958 b 2 Fa 1
Nymphs 1958 - 71 - 11
Autumn adults 1958 48 36 18 13
Spring adults 1959 22 22 4 4

Table 60. Approximate quantity of each stage oproduced and
lost during the season, expressed in g. weight

, per m2 of substratum.




observatiofgs by Pennafield, states that in Lake Texcoco (Mexico)
the standing crop of corixid nymphs may reach 5 concentration of
200,000 per m3 of water. The total production of nymphs in
Barbrook reservoir during 1958 at a depth of 1:0 m., (3 ft.) was
of the order of 20,000 per m2 of substratum. Now the number of
nymphs per m2 of substratum at 10 m. (3 ft.) depth will be equal
to the concentration per m3 of water at that depth, so that the
total annual production of nymphs in Barbrook reservoir at 1°0 m.
depth on section A 10C to A 300 is only about 1/10th of the standing
crop recorded in‘Lake Texcoco. The highest standing crop of
nymphs recorded in Barbrook reservoir was the value of 300 to 400

per S.N.S, (11,000 - 15,000 per m° of substratum)obtained on 1.8.58.

In contrast, Popham (1952 a) counted the numbers of adults
bf C.distincta on known areas of pond bottom and found that in
different parts of the pond the number of individuals per m2 of bottom
varied from O to about 10 on 12.%.87. At the corresponding time of
the year, C.germari adults on section A 100 to A 300 of Barbrook
reservoir had a density of about 380 per m2 during 1958. Popham's
data are based on direct counts of the specimens visible on the pond
bottom and may therefore give a very low estimate of the abundance

of C.distincta within the pond. In any case, Barbrook reservoir

contains the most dense population of Corixidae known to the present
writer and a 38-fold difference between the Barbrook estimate and the
figures obtained by Popham could well be explicable simply in terms

of a real difference in the densities.

Mundie (1957) studied the Chironbmidae of storaze reservoirs
which received water from the Rjver Thames and were eutrophic. In one
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of his reservoirs the highest estimate of standing qroﬁ made

duriné the season was a value of 40,000 to 50,606 individuals per

2

o at 10 m. depth during March. At the same time a valie of

34,000 individuals and 5-25 g. dry weight per m2 was obtained
af 6'8m,depth. Comparison of these data with the figures for
C.germari given in Tables 59 and 60 shows that though the annual

2

production of eggs per m~ by_C.germari is smaller than the maximum

standing cror of Chironomidae recorded by Mundie, the actual biomass

2 of bottom is considerably

of material prodiiced by C.germari per m
higher than the biomass of Mundie's maximum standing crop. It must
be noted, however, that this point has been somewhat over-emphasised
by the treatment given above, for two reasons. Firstly, comparison
has been made between the standing crop of chironomid larvae and the
annual production of C,germari, though Table 60 shows that the
standing crop of autumn adults of the latter gives a considerably

2

higher biomass per m“ than do the Chironomidae in Mundie's reservoir.

Secondly, the figures given for C{germéri are based on collecting

frém that part of the reservoir where the species is most abundant
and are only applicable to the margins of the reservoir, whereas
Mundie's figures are probably applicable to the whole margin of his
reservoir down to a depth of at least 6°8 m. (19 ft.). Thus the
abundance and biomass of chironomid larvae in the reservoir as a
whole afe probably a good deal higher than the comparable figures

for C.germari in Barbrook reservoir.
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XV. DISCUSS3ION,

In both 1957 and 1958 ; ﬁarked decrease in catch per S.MN.S.
was observed after the autumn maximum had been reached. Walton (1943)
made a similar observation for several corixid species and attributed
the de&rease in abundance to dispersion by flight. It is interesting
to note that the species for which Walton gives diagrams to illustrate

this autumn fall-off were C.falleni, C.nigrélineata, C.lateralis and

C.sahlbergi, all svecies that are well known fliers (Leston 1954,
Leston and Gardner 1953, Brown 1951-52, Popham 1952, Poisson, Richard
and Richard 1957). The opinion has been expressed above that C.germari
does not fly very much and several considerations suggest that the
autumn fall-off of this species is not primarily a result of dispersion
by flight. No flight was observed during the period of fall-off in
1957 or 1958 and, in both years, the-possibility of flight taking

place was small because the fall-off occurred when air and water temper-
atures were falling and there was little direct insolation. 1In addition,
the catches per S.N;S. for the autumn of 1957 and the winter of 1957
to 1958 fell below the values obtained in the spring of 1958, and
disbersion by flight would not give an adequate explanation of these
observations. it is therefore likely that the autumn fall-off in the
abundance of C.germari in Barbrook.reservoir is to be explained in
terms of a change in the distribution of this bug in the reservoir in
response to falling water temperatures or decreased illumination or

day-length.

Counts of the number of fully developéd eggs per female

(Tables 42 and 43) showed that the rate of development of eggs within

oughout the 1957

the femaleskxceeded the rate of oviposi ;aﬁwa?’

%Q?\\\}‘SNENGE
Llség}:?‘_’?f
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oviposition period, whilst in 1958 most of the eggs developed
within the females were laid before the decline of the old
generation began. This can be related to the water levels during
the two years. In 1957 the water level fell throughout the ovi-
position period, until by 10.7.57 none of the stony bank on
section A 100 to A 300 was availéble for oviposition. It is likely
that this caused a shortase of suitable oviposition sites and hence
the females tended to retain eggs during the latter vart of the
oviposition period. In 1958 the water level remained near top water
level throughout the oviposition meriod and the rate of ovirosition
exceeded the rate of development of eges within the females during
the latter part of the oviposition period, presumébly because there

was no shortage of oviposition sites during 1958.

Tpe fall in water level during 1957 is also likely to have
caused considerable eg~ mortality. Fgzs laid on the stones of
section A 100 to A 300 and then exposed above water would die through
dessication or as a result of the instar 1. nymphs hatching onto dry
land. In spite of this additional cause of egg mortality during
1957 as compared to 1958, the numbers of new generation adults

produced in the two seasons were very similar (Table 53).
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SECTION _C.

ECOLOGICAL REQUIREMENTS OF C.GERMARI, WITH

REFERENCE TO OTHER SFECIES OF CORIXIDAE.




XVI. THﬁ DISTRIBUTICN OF C.GERMARI, THE CICSELY RELATED SPECIES
C.CARINATA AND THE ASSOCIATED SPECIES GLAENOCORISA PROPINQUA,
WITH SPECIAL REFERENCE TO THE PENNINE REGION.

Tables 61 and 62 show species analyses of corixid samnles
from water bodies in the Pennine region. 4in attempt is made to
examine these results in the light of previous records of C.germari,

C. carinata and G. propingua.

(1) Syrvey of the literature.

(i) General :-

C.germari and C.carinata were confused as a single
species until their separation by ILundblad (1925). Hence, records
published before that date are of little valie so far as these species
are concerned. These two species and G.propinqua are generally
regarded as father uncommon species and many of the more recent
accounts of their habitats‘have been based on small numbers of
specinens talen from relatively few places. In addition, many of
the accounts are of little value in assessing the types of places
inhabited by these species because they do not include adequate
descriﬁ?ons of the habitats. Id attempting to survey the literature
on this subject, one is therefore faced with the task of bringing
£ogether many small portions of informatipn into a single statement.
This is particularly difficult in the present instance because, in
the case of little-known species;anﬁzwbgchzar-the decision as to
which features of the habitat are important to the species and which
are not is very arbitrary and the features stressed vary from one

writer to another.

NeverZtheless, the literature gives several points on which

various writers agree and an attempt is made below to present a brief
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22,4.55 |111/285835 1200 1} 24 1 26
22,4.55 [111/273832 1360 2 6 1 9
22,4.55 |111/275833 1325 2 3 5 10
21.5.57 | 84/992307 1600 20 | 22 2 44
23.5.57 | 84/750358 1900 - 10 4 14
22.4.55 |111/284836 1200 14 3 17
22,10.56| 84/757325 1800 8 2 10
22,10.56| 84/757327 1800 57 6 1 64
22,4.55 |111/273835 1355 2 2
8.1C.56 | 84/758328 1800 12 1 13
8.10.56 | 84/757325 1800 40 1 4 45
8.10.56 | 84/765327 1800 43 43
22,10.56| 84/757326 1800 8 8
1.11.56 | 84/753355 1750 6 8 14
23.5.57 | 84/753347 1750 1 1 2
23.5.57 | 84/751365 1950 5 5

TABLE.61. Species analyses

of samples from Pennine peat pools.
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summéry of the information giiven about the habitats occupied by each of
the three species.
(ii) C, germari.

a. éiZe=and denth of water bodies :--

Pearce and Walton (1939), Macan (19545 and Popham (1949)
are agreed that C.germari usually occupies relatively large bodies
of water. On the subject of depth, Macan (1954a) states that this
specieé appears to live.in water bodies of large size wifh a shallow,
uniform depth. {(Walton (1943) states that this species shows a
marked preference for deep water (1 m. or more) and probably lives
at greater depths than any other British species, with the possible
exception of C.panzeri.

-b. Base status :-

Macan (1954a) stated that this species is often found in
base-deficient waters surrounded by peat, but it also occurs in
-base-rich waters as shown by the fact that Walton (19%3) found it
to be.abundant in a calcareous reservoir and Macan (1954b) found

it to be the most abundant species in a calcareous lake in Ireland.

c. Altitude :-

Brown (1948), referring to the distribution of C.germari
and C.carinata #n Scotland, stated that both species are probably
widespread there. and that they usually occur at altitudes of
Al,OOO ft. (300 m.) or more; though records of C;germari from the
South of England suggest that altitude is less important to that
species than to C.carinata. The fact that C.germari can occur in

quite low lying water bodies was also shown by Crisp and Heal (1958)
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who took this species from four Irish lakes, all of them at an

altitude of less than 100 ft. (30 m.).

d. Bottom material and vegetation :-

Walton (1943) claimed that this species was usually
found on a hard substratum with little or no macroflora. Popham
(1949) also referred to the pauckty of vegetation in the habitats
of C.germari and Macan (1957) found this speciés in seven Scottish
lochs éll of which hed Bottoms of stones, gravel, sand or a mixture

of all th;ee.

e, Wave action :=-

The observation that this species can occur in quite rough

water was made by Walton (1943).

f. Bank profile :-

Macan's (1954a) statement regarding the uniformity
of depth shown by the habitats occupied by C.germari (See a. above)
suggests that these habitats must ha&e relatively steeply sloning
banks and Macan (1957) draws further attention to the fact that
this species apwnears to prefer water bodies of fairiy uniform denth
with steeply sloping sides. The findings of Crisp and Heal (1958)
agree with those of Macan on this point. Furthermore, Walton (1943)
found two water bodies in whichAC.germari occurred in appreciable
numbers and, althovgh he states that the only two features shared by
these two water bodies were the low value of dissolved organic
matter and the hard bottom, it is clear from his habitat desciptions
that these water bodies both had banks sloping steeply down into
deep water round part, at least, of their margins.’
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(iii) C,carinata
a., Size and depth of water bodies :-
Brown (1945) studied the Corixidae of the Faeroe Islands

and found only two species - C.carinata and C.wollastoni. He

concluded that C.carinata was generally found in the larger,

deeper pools with much open water, whilst C. wollastoni preferred

&
pools with denser vegetation. Macan (195i) stated that C.carinata
lives in deeper water than most of the other Bpitish peat pool
species and he pointed out that the findings of Macan (1938) agree

‘with those of Brown (1945) on this point.

b. Base status. :-

The British records of this svecies are from base-poor
upland water bodies. In Scandinavia, however, it is also found in
low-lying mools near the sea (Iundbland 1925) and it is unlikely that

such waters are base poor.

¢c. Altitude :-

Macan (1954) stated that, in Britain , C.carinata is an
upland species, whilst Brown (1948) stated that in Scotland it is
usually found above 1,000 ft. (300 m.) and expressed the opinion that
altitude is probably more important to this svecies than to C.germari.
Lundblad (1925) stated that, in Scandinavia, C.carinata is found in

upland pools and also in pools near the sea.

d. Bottom material and vegetation :-
From the references to peat pools made by Macan (1954), and

Brown (1945) it seems likely that the bottoms of the habitats
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contained peat but no definite information is available on this
point. Macan (0938, 1954@)and Brown (1945) both stated that
C.carinata appears to prefer open water with relatively little

macrofloéra.

e, and f. Wave action and Bank profile :-
No definite reference is made to these two features, but it
seems very lively that the large upland habitats which have been

described for C.carinata are subject to fairly severe wave action.

(iv) G.propinqua.

Very little information is available regarding this species.
Pearce-and Walton (1939) recorded the species from Cheshire and listed
only six places in England, Wales and Ireland where it had then been
found. Subsequent céptures in Bpitain and Eire have been recorded
by Walton (1943), Brown (1943), Brown (1946), Brown (1948), Popham
(1949), Macan (1954 a and b), Macan (1957), Hanney (1958) and Crisp
and Heal (1958). Moét of these records refer only to small nunmbers
of water bodies and are often based on very'small numbers of specimens,
so that only a sketchy picture of the tyPe of habitat occupied by

G.propinqua can be built up from them. The following synopsis is

based on general statements made by some of the writers listed above.

a. Size and denth of water bodies :-
Pearce and Walton (1939) and Popham (1949) stated that
this species generally lives in large water bodies, whilst Macan

(1954 a.) stated that it probably inhabits deeper water than most

peat pool species.
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b. Base status :-
The general impression gained from the literature is
that, in the British Isles, this species is confined to basé-poor

waters, usually peaty.

¢, Altitude :-

Most of the habitats so far recorded have been upland’
ones, though the presence of G.propinqua in a water body near
Cambridge (Hutchinson 1925) and in Irish bog pools less than 100 ft.
(30 m.) above sea level (Crisp and Heal 1958) show that it is not

confined to the uplands.

d. Bottom matefial and vegetation :=-

Walton (1943) collected this species from a pool in
Somerset and found that it was confined to open water. Popham
(1949) stated that the habitats occupied by G.propinqua have very

little vegetation.

e, Wave action :-
Walton (1943) stated that G.propinqua appears to be little

affected by rough water conditions.

f. Bank profile :-

Crisp and Heal (1958) found G.propinqua in only six out of
20 water bodies studied on an Irish bog. Thosé six were the only ones,
6f the twenty examined, that had banks sloping steeply ind deep water
and it is therefore likely that this is an important feature of the

type of habitat occupied by this species.
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(2) Survev of the Corixidae of Pennine water bodies with svecial

reference to C.germari, C.carinata and G.propingua.

(i) General :-
This survey is concerned chiefly with upland
waters in the Pennines but reference will also be made to other

water bodies sampled by the present author.

As far as possible the collecting was carried out in
the autumn and spring, sirce %prixid populations can be regarded
as reiatively stable during those seasons. This was not possible
in all cases. The data usedlare based on general collections
obtained by hand netting all round the margin of each of the smaller
water bodies and at as many different places as possible around the
margin of each of the larger water bodies. Particular care was
taken to ensure that netting was carried out in water 1 to 2 m.
deep (3 to 6 ft.) as well as in the shallows. The amount of time
available for collecting at each place varied considerably and
hence the total numbers collected from each one do not necessarily

bear any relationship to the abundance of the Corixidae there.

In a number of cases several visits were made to a single
water body and in such cases only one sample date is represented in
the tables of results, that date being selected as ogie on which a
large sample was taken at a time of the year when the population

could be regarded as being relatively stable.

The results are shown in Tables 61 and 62, where each
water body is referred to by a National grid reference. To simplify

description the water bodies have been divided into three general
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types :- pest pools, tarns and reservoirs. Each type is defined

below:

(ii)_gggz_ggglg -

Pools from °0005 (00125 acres) to *012 ha. (*025 acres)
in area, with maximum depths of 0°3 (i ft.) to 2°0 m. (6 ft.) but
usually less than 1:Om(3 fg.)deep. These pools usually have peat
bottoms but, in some cases, the bottom consists partly or wholly
of clay or finely divided mine debris. Stones, however, were
rarely found on the bottoms of these pools. The peat pools are
often situated in very exposed positions but, because of their
small size, they rarely suffer severe wave action. The quantity
of vegetation present varies a good deal from one pool to another,

but most have a certain amount of Juncus effusus L., around their

margins and some or all of the following present :- Sphagnum sp.,

Equisetum limosum L., Eriophorum angustifolium Honck, Potomogeton

[* 3

ntans L., Glyceria fluitans (L), and mats of green filamentous algae.

Pools of this type are the most common water bodies in the Pennines.
The duckpool on Big Moor also falls into this category.

(iii) Tarns :-
Three tarns were studied but one of them (83/677077)
is rather unusual and will be described in another part of this work.

The other two (84/729283 and 84/736304) are described below :—

84/736304 occupies about 10 ha. (2.5 acres) and is about 0°5 m.

(1°5 ft.) deep, whilst 84/729283 has an area of 10 ha. (25 acres)
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and a deptﬁ?about 1-0m. (3 ft.). Both of these water bodies have
‘fairly steeply sloping margins and relatively uniform devxth. 1Ip
both cases the bottom is of sand with a cof¥ering of finely divided
peat in most places and with stones littered about over the bottom.
Neither tarn has any macroflora apart from a narrow marginal fringe

of Eriophorum apgustifolium at the south end of 84/736304. Both of EEEss

these" tarns are in exposed positions and suffer severe wave action.

(iv) Reservoirs :-
In addition to the Barbrook, Little Barbrook and
Ramsley reservoirs, eighteen Pennine reservoirs were studied and
sample analyses from thirteen of these are given in Table 62.
Two of these latter reservoirs (84/989348 and 84/828468) show
certain deviations from the general description given below and
these peculiarities will be dealt with in a later part of this

work.

The South Pennine reservoirs éfudied are all associated

with water supuly and the North Pennine ones with mining activity.
9

Both types of reservoir have been constructed by building a wall
across a valley or on a hillside so as to retain the drainage water
from the surrounding moorland. Thus, in all cases, part or all of
the reservoir margin consists of a sandstone wall sloping steeply
down into 0°5 (1°5 ft.) to 3°0 m. (9 ft.) depth of water, below

which is a fairly level bottom oféand or clay which, in the case of

all but the first three of the reservoirs listed on Table 62, is
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overlayed by from 1 to 3 ecm. (25 to °75 in.) of finely divided
peat. 1In all cases, the bottom is littered with loose stones.
These reservoirs ware all situated in exposed places and suffer
severe wave gction. In general, they contain no macroflora apart

from occasional restricted areas of Glyceria fluitans, Juncus

bulbosus agg., or Potomosmeton natans. The only exceptions are

Little Barbrook reservoir with its extensive marginal Glyceria
beds, 84/787432 which has a steep bank with deep water and a
sandy botto~r at one side and a gently sloping bottom with much
mud and an extensive bed of P,natans at the other side, and

84/780330 which contains a dense bed of P.natans but has a narrow

strip of deep, onen water along one side.

The South Pennine reservoirs are from 3.6 to 24 ha.
(9 to 60 acres) in area, whilst the North Pennine reservoirs are
generally rather smaller and range in area from 0°06 to 3°9 ha.

( .15 to 10 acres).

(v) Distribution of the svecies between the different

types of water bodies.

An attempt is made here to give a general sumnary of
the corixid faunas of the different types of water body studied and
to summarise those features of each type of water bodr which appear

to have some bearing on the corixid species present in that type.

The bullk of the Corixidae collected from the peat pools

(See Table 61) belonged to two species - C.wollastoni and

C.nigrolineata. According to Macan (1954 a.) these species are

typical of small peat pools above the altitude of 1,000 ft. (300 m.).
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The other species listed can probably be regarded as strays from
other habitats. The most striking feature is the complete absence

of C,germari, C,carinata and G.propingua from the peat pool samples.

Species analyses of the tarn and reservoir samples are
given in Table 62 and by leaving water bodies 83/677077, 84/989348
and 84/828468 out of consideration for the time being, it is possible

to draw a number of general conclusions.

The commonest species of the peat pool samples,

C. wollastoni, occurred in quite large numbers in the tarns and

reservoirs but a marked contrast between the peat pools and the larger

water bodies was the scarcity of C.nigrolineata and the prominence

of C.germari, C,carinata and G.propinqua in the samples from the tarns

and reservoirs. The distribution of the latter three species
betweeﬁ the individual tarns and reservoirs is rather striking, for
C.germari and C.carinata were rarely found together in any individual
water body, C.germari being confined to those with a predominantly
sandy bottom and C.carinata to those with an accumulation of peaty
material on top of the sand. G.propingua was found in both peaty
and sandy bottomed water bodies, The possibility that C.germari
prefers hard and, therefore, presumably inorganic bottoms has
already been referred to by Walton (1943) but the occurrence of this
species in peat bottomed lakes in Eire has been demofstrated by
Crisp and Heal (1958). Two possible reasons can, however, be put
forward, to explain why, in the Irish lakes studied by Crisp and

Heal, C,germari was found in water bodies which apvear more typical
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of C.carinata. Firstly, the water bodies concerned were at a

very low altitude and C.carinata appears to be confined to high
altitude™s in the Bpritish Isles. Secondly, C.carinata has not yet
been recorded from Ireland and may prove to be absent from the

Irish fauna, in which casé it is reasonable to suppose that the
closely related C.germari would tend to occur in certain water
bodies in Ireland that would be inhabited by C.carinata in other
parts of the Bpitish Iéles. Thé résults also suggést that
C.germéri prefers rather larger and deeper bodies of water than
C;carinata, for the water bodies ih which the former was found range
from 1°2 to 24 ha. (3 to 60 acres) in area whilst those in which
C.carinata was found range from 0°06 to 4°0 ha. (*15 to 10 acres).
Fyrthermore, the stony banks of the reservoirs containing C.germari
slope down steeply into 1°0 (3 ft.) to 4°0 m. (12 ft.) of water
whilst, with the exception of 84/985282 (depth at water's edge about
3°0 m. (9 ft.) ), the reservoirs occuvied by C.carinata were only

0-3 (1 ft.) to 1-5 m. (4*5 £t.) deep.

(vi) Common features of the water bodies occupied by

C.germari, C.carinata and G.propingua.

Cpn the basis of the observations made at Barbrook,
Little Barbrook and Ramsley reservoirs, at the water bodies listed in
Tables 61 and 62, and the Irish lakes studied by Crisp and Heal (1958)
it is possible to give a general sumwary of the features shared by the
habitats in which these three species have been found. This survey
will be made under the same headings és~were used in the survey of

‘the literature (pp. 103-108).
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a, Size and depth of water bodies :-

The Pennine and Ipish data show that these species
occurred only in relatively large water bodies. It is also clear
that the water bodies occupied by these species were generally
deeper than the smal% peat pools from which these species were
absent. It has been shown above (pp.5& and 65 ) that C.germari
on section A 100 to A 300 of Barbrook reservoir is more abundant
at 1°Om(3 ft.) than at 0°5 m.(1°5 ft.) depth. Similarly,
collections of Corixidae from 0°5 (1+5 ft.) and 1°0 m (3 ft.)
depths on a steeply sloping bank in reservoir 84/985310 consisted

almost entirely of C.carinata and C.wollastoni and comparison of

the relative proportions of these two species at two different

depths by means of a Chi-squared test showed that C.carinata

formed a significantly larger poopdrtion of the catch at 1°0 m.(3ft.)
than at 0.5 m, (1+5 ft.) (See Table 63). Thus, for C.germari

and C.carinata, and probablx also for G.propinqua, water depth is

an important feature of the habitat. Tis agrees with the statements
of the other writers mentioned in the survey of the literature

b. Base status :=

The Pennine water bodies where any of these three
species were found all contain base-poor water, but the work of
Walton (1943) and of Macan (1954 b.) showed that C.germari, at least,

can also occur in base-rich waters.
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Habitat. Water denth,| C,carinata. C.wollastoni. Totals
Stony bank 1.0 m. 21 X 22
Stony bank 05 m. 18 12 30
Totals 39 13 52
Chi-squared = 8¢509 p < ‘001

Thus there is

of C.carinata

a significant difference between the pronortions

and C.,wollasteni at the two depths studied.

TABLE 62. e depth distribution of C,carinata and C.wollastoni
on a stony bank in reservoir 84/985310 on 21.11.58.




c. Altitude :-
In the absence of data from low altitude reservoirs
for comparison with the Pennine data, it is not possible to make
any definite contribution to our knowledge of the altitudinal

distribution of these species on the basis of the present work.

d. Bottom material and vegetation :-

It has been noted that C.germari tends to occur in
water bodies with sandy bottoms, C.carinata in places where the
sand is overlayed by peat and G.propinqua, in both types of place.
One feature comwon to all the habitats where these three svecies
have been found is, however, the presence oﬁ‘soﬁe stony or rocky
material, Tphe walls of the Pennine reservoirs are made of stodes
and the bottoms of both reservoirs and tarns are littered with
stones, whilst in the I,ish lakes wh'ch contained C.germari and

G.propingua the peaty banks are interspersed with areas of exposed

rock surface. The importance of stones as oviposition sites for
C.germari has been demonstrated at Barbrook reservoir and casual
observations suggest that the same applies to C.carinata. With

regard to G.propingua, Crisp and Heal (1958) found that if the samples

from water bodies containing C.germari and G.propinqua were

separated into insects collected from rock surfaces and insects
collected ffom peat surfaces and if the pror-ortion of C.germari +

G.prorvingua to other species was compared between the two sets of

sub-samples, then the C.germari and G.provinqua formed a significantly
higher projportion of the catch from rock than from peat surfaces.
Cilearly it was desirable that this process should be repeated for

G.propingua and for C.germari sevarately and in April 1959 the area
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was revisited and further samples were taken. On that occasion
relatively few C.germari were collected, but G.propinqua was quite

abundant. The results (Table 64) show that, relative to the other

species present in the lakes studied, both C,germari and G.propinqua
show a significant preference for rocky surfaces. Now these results
and those already published were obtained at times of the year when
these two species were ovipositing or were just about to begin
oviposition, thus in the case of C.germari this preference for rock
surfaces is likely t6 be an expression of the(oviposition preference
of the species. This may also be the case with G.propingqua but this
species is largely predatory (Walton 1943) and may favour rock
surfaces as resting places from which it can attack potential prey
organisms, though it is difficult to see why rock surfaces should be

superior to peat surfaces for this purpose.

Walton (1943) stated that G.propinqua is cbnfined to open water
qnd this observation is supported by observations on this species at
Barbrook, Ramsley and Little Barbrook reservoirs (See pp.33-35 and

Tables 14 - 19). C.germari and C.carinata were found both in onen

water and amorigst vegetation but the species analyses,of the samnles
from Barbrook reservoir (Tables 14 and 15) show that although
C.germari was present in the densely vegetated station Delta, the
proportion of other spp. present there was much higher than in the
relatively open water of the rest of the reservoir. Tpe same thigg is
shown by Table 65 which compares the pfoportions of C.germari and

C.wollastoni in samples taken from a dépth of 1°0 m.(3 ft.) on a

stony bank with open water and from a depth of 0°'5 m. (1*5 ft.) on a
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(a)

Peat Rock Totals
G.propingua. 13 67 80
Other spp.except for C,germari).| 107 66 173
Totals 120 133 253
Chi-squared = 45.6 ~ P <001
(B)
Peat Rock Totals
C.germari ) n 11
‘lother spp. (except for G.popinga)| 107 66 173
Totals 107 77 184

Chi-squared = 16°3 P &.001

TABLE_64. Distribution of C.germari and G.Ediingua between rock

and peat surfaces in Irish Lakes, April, 19509.

(&) G.proringua.
(B) C.germari.




C.wollastoni.

Habitat Water depth.| C.germari. Totals
Stony bank 1°0 m. 8 1 9
Potomogeton bed 8°5 m. 1 17 18
Totals 9 18 27

Chi-squared = 18+75

P < .00T

Thus there is a significant difference beiween the proportions

of C;germari and C.wollastoni in the two habitats studied.

TABLE 62. The distribution of C.germari and C.wollastoni in

reservoir 84/787432 on 11.11.58.




muddy bottom in a dense P,natans bed. C.germari formed a signific-
antly higher proportion of the catch from the former place than the
latter, though this may partly be a refledtion of the depth

preference shown by C;germari; Similarly, Table 66 compares the

relative proportions of C.carinata and C.wollastoni in the oven

water of a tarn and in a marginal fringe of E.angustifolium and

shows that C.carinata formed. a significantly greater proportion of the
catch frommopen water than from amongst the vegetation. The

contention that C,germari and C.carinata prefer open water is further

supported by the fact that most of the water bodies in which they

have been found contain relatively little vegetation.

e, Wavé action:~
The Pennine and Irish habitats where any of these
three species have been found by the present writer have always
been relatively large water bodies in exposed places and subject

to fairly severe wave action.

Walton (1943) states that both C.germari and G.propingua

can occur in waters subject to severe wave action. He also states
that rough water '"makes no difference" to G.propinqua and that
C.germari, in one-of his water bodies, could be found "abundantly in
rough water where the wind was drivinéfwaves half a metre high".

The observaticsns made at Barbrook reservoir, however, (see Table 51)
suggest that Walton's remarks about C.germari require some qualific-
ation, for the Barbrook data do show that C.germarY can be found on
shores subject to severe wave action and that the species can be

collected there when such wave action is in operation, but they also
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Habitat Water

C.carinata. C.wollastoni. Totals
depth.
Open water. 0°5 m. 64 3 67
Eriophorum fringe. 0°S5 m. 23 27 50
Totals. 87 30 117

Chi-squared = 5663

P < *001

Thus there is a significant difference between the proportions

of C.carinata and C.wollastoni in the two habitats studied.

TABLE 66. The distribution of C.carinata and C.wollastoni in

tarn 84/736304 on 28.10.58.




show that fewer srecimens than usual can be collected per unit
effort under such comditions. In fact, it seems that the species
tends to avoid the effects of severe wave action by moving into

deeper water or descending amongst the stones of the substratum.
f. Bank profile :=-

Macan (1957) distinguishes between water bodies
whose bottoms slope gently from edse to middle and those with stgeply
sléping margins and relatively level bottoms. These he describes
as "tin-hat" and "pill-box" types respectively. This distinction
aprears to be particularly important in describing the habitats

occupied by C.germari, C.carinata and G.propingqua for all the water

bodies in which any of these three species were found by the present

writer belonged to the "pill-box" type.

. (vii) Anomalous cases :=

Attention has been paid to the features common to
all the water bodies where the present writer found one or other
of theée three species. There were, however, certain water bodies
in which these species were rare or absent, even though these
wéter bodies fulfilled some or most of the conditions which appear
to be required by the three species. It is therefoee necessary
that some attention be raid to these water bodies in an attempt

" to see why they should be unsuitable for these three corixid species.

These anomalous cases consist of three listed on Table 62.-
83/677077, 84/989348 and 84/828468 and five others in the South

Pennine region which are not included in Table 62. The map references
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of these latter five are 111/320747, 111/355657,.111/358655,
111/360655 and 111/267854. Of these water bodies,83/677077
can be immediately disposed of on the grounds that it is
totally different from all the other large water bodies being
studied. Although surrovnded by moorland, it is a highly
calcareous tarn with gently sloning margins, a féirly thick

accumulation of mud in many places and beds of Phragmites communis

Trin. at a number of points arovnd its margins. Thus it is not
surprising that this tarn shouvld contain a radically different

corixid fauna from the rest of the water bodies.

The remainder of the anomalous cases are all reservoirs
and can be separated into two grouns :- (1) Those where, in spite
of the fact that at least one hour's netting#was carried out in

each case, negligible numbers of Corixidae were captured.

(2) Those where reasonable

sized samples were obtained, but C.germari, C.carinata and

G.propingua formed a negligible provortion of the total catch.

It is important to note, however, that, so far as their sizes,
depths, bottom profiles, stony banks, densities of vegetation and
bottom materials are concerned, these water bodies all anpear

likely to contain one or more of these three species.

Reservoir 111/267854 is situated at an altitude of
1070 ft. and receives Qater from reservoirs 111/259855 and
111/263855 (See Table 62). The only obvious respect in which it

differs from the two latter reservoirs is that lime is added to

120.




its water. During three visits in the summer and early autumn
of 1954 no Corixidae were ever taken from it. Reservoirs
111/355657 and 111/360655 are small reservoirs at altitudes of
750 and 675 ft. (250 m. and 225 m.) respectiveiy. Both have
steeply sloping stony shores and bottoms of clay with little
vegetation. These two water bodies receive water draining from
farm land and have water pHs. on the alkaline side of neutrality.
When they were visited in April 1959 no Corixidae were found in
111/355657 and only a single specimen of C.praeusta was obtained

from 111/360655.

Reservoirs 111/320747 and 111/358655 are similar to the
last two mentioned abo&e and are situated at>a1titudes of 575 and
706 ft. (190 and 230 m.) respectively. When they were visited
during April 1959, 12 specimens of C.dorsalis were taken from the
latter and 32 specimens of C.dorsalis together with two specimens

each of C,falleni and C,praeusta and single specimens of

C.distincta and C.germari were taken from ﬁhe former. Although
these reservoirs ha&e portisrs of steep stony bank apnarently
suitable for C.germari, Corixidae wdre scarcé or absent iz these
areas and the bulk of the C.dorsalis material was collected from
portions of gently sloping shore with a certain amount of vegetation
cover. Similar results, but for a different species, were
obtained from reservoir 84/828L468 (See Table 62). This is a
North Pennine reservoir associated with a mine which is still in
" operation. The mine and the reservoir are situated in a valley
and the reservoir is situated lower down the valley than the mine
and spoil heaps. It seems likely that the spoil heaps act as a

source of enrichment for the drainage water flowing into the
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reservoir. Netting on a stone bank sloping steeply into
1.0 (3 ft.) to 2.0 (6 ft.) m. of water yielded only 2 specimens

of C.dorsalis and single specimens of C,germari and C.nigrolineata,

but netting in gently sloping shallows (0:25 m. depth) inshore
of a dense bed of P,natans on a bottoﬁ;clay, sand and mud gave

61 C.venusta, 6 C.dorsalis and 1 C.lateralis.

Reservoir 84/989348 appears to be a typical North Pennine
reservoir with steeply slopifjg stone banks, little vegetatioén and
a bottom of finely divided peat. Although spécimenséf C.carinata
have been taken there, the most common species is C.distincta
and this is found at a depth of about 0:5 m. on the stony banks.
This reservoir is only about 2°5 miles (4°0 EKm.) from reservoir
84/985310 and apnears very similar to that reservoir in most
respects, One difference between these two reservoirs, however, is
that 84/985310 receives drainage water from base-poor rocks only,
whilst just ﬁphill of 84/989348 there is a narrow band of limestone
and this feature may serve to raise the base status of the latter
reservoir. The pH values given by water.samples from these two
water bodies were 3°9 and 46 resvectively and this shows that,
though the water in 84/989348 may be less acidic than that in

84/985310, it is still highly acidic.

The results from these various reservoirs are difficult
to explain., 1t is clear th-t the base status of some, and perhans
most of these anomalous reserveoirs is higher than that of the other
water bodies studied, but the records of Macan (1954) and

Walton (1943) show that high base status alone does not give an
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adequate reason for the absence of C.germari. Another point which
arises, however; is that most of the water bodies studied do not
contain any fish, but that all of the anomalous water bodies, apart
from 84/989348, contain trout and, in some cases, minnows as well.
Waltén (1943) showed that trout will eat C.germari and Popham (1944)
showed that, under laboratory conditions, minnows will attack
Corixidae. Even though trout and C.gefmari were both present
together in the reservoir studied by Walton, it is possible that in
certain water bodies the presence of trout might cause the
extinction of C.germari in those water bodies. 1In such water bodies
the only Corixidae likely to be found would be occasional visitors
from other habitats and species such as C.dorsalis which live in
relatively shallow water where they are less vulnerable to the

attacks of large predators such as trout.

A further factor which may be important is the very small
amount of flight which apnears to be indulged in by C.gernari,
this probably means that the rate of spread of this species is
relatively low ;nd therefore that habitats quite suitable for
this species may not contain it, simply because the species has
never succeeded in reaching these habitats in sufficient numbers
to colonise them successfully. Little is known about flight in
C.carinata and G.propinqua, but, if they tos should rrove to fly
very little, the same considerations will apply to them as to
C.germari.

Thus various possible explanations of the anomalous water

bodies c-n be given, but in the absence of furt»er information,
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these explanatiords must be regarded as rather speculative ones.
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XVII. EXPERIMENTS CIN RTESPIRATION iND SWIMITING.

The experiments described here must be regarded as
preliminary investigations but, though the¥% are not very critical
experiments the results are suggestive, The basic princinle of
all these exreriments has been to take a number of species of
Corixidae, representing a fairly wide variety of habitat types,
and to comrare the performances of these species in various
activities relating fo respiratory and swimming efficiency. The

species that have been employed are C.germari, C.carinata and

G.propingua (deep, open water species), C.wollastoni (shallow

peat pools), C;sahlbergi (small pools usually with dead leaves on
the bottom) and C.distincta (lakes and ponds in places where a
certéin amount of organic matter accumulates). Not all of these
species have been used in every experiment, but as wide a range

of species as possible was used in each.

The first experiment on respiration was a comparison of
the survival rates of different species when denied access to the
water surface. Ten males and ten females of C.germari were each
placed in 2 x 1 inch glass tubes. A piece of netting was tied
over the mouth of each tube and the twenty tubes were then submerged
in a trough of water. Care was hlten to ensure that no bubbles of
air were present in the tubes and the water temperature was maintained

at l?oC. The tubes were examired at intervals and the total number

of dead animals was noted on each occasion. This rrocedure was

repeatéd using C.carinata, C.sahlbergi, C.wollastoni and C.distincta
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and the results are shown in Table 67, If the times taken for
50% of the specimens to die are compared between species then the
results show that 50% mortality was reached in less than 18 hours

by C.sahlbergi, in 24 to 42 hours by C.germari and C.carinata and

in 60 to 72 hours by C.diy%tincta and C.,wollastoni. Information
about the oxygen tensions in the tubes during the exveriment and
the* oxygen tensions exrerienced by these species in the field are
required before detailed conclusions can be drawn, but the resulzzz

that, under the conditions of the experiment, there is no reason

to believe that C.germari and C.carinata show any special mechanical

or physiological adaptations to enable them to stay below the water
surface any longer than some of the shallow water species do. Under
field conditions, however, none of these species are likely to stay
below the water surface for as long as they were compelled to do

in this experiment and it is therefore necessary to examine not only
the tolerance limits shown by the various species but also the
length of time they stay down when allowed free access to the water
surface. For this purpose two jars were set up for each species,
one containing eight males and one containing eight females. The
bottom material placed in each jar was collected from the same
place as the insects kept in that jar and the water temperature

in the jars was maintained at 17°C. The total number of surface
visits made by the insects in each jar during each period of half
an hour was determined over a total period of three and a half

hours. Thus fourteen readings were obtaired for each species.
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Hours C.sahl-| C.carin~-| C.germ-| C.dist-| C.wollast-
from bergi ata., ari. incta. oni.
start.

18 18 5 2 T 1
L 18 7 3 1 1
L2 20 15 15 3 3
60 1?7 19 8 9
72 ' 19 20 13 | 10
90 20 15 11

44 17 16
168 19 19
180 20 20

TABLE 62. Total number of dead specimens out of the initial 20
of each specimens of each swecies, after various time

intervals. iEkperiment conducted at 20°¢.




The results are summarised in Table 68 but those -obtained for

C.wollastonifiave been omitted because, at the tempefdure of the

experiment, this species spent most of its time at or near the
water surface attempting to fly away and hence the number of
surface visits recorded was unduly high. The results show that,

on average, C.germari and C.carinata visited the surface less often

than the two shallow water species, C.distincta and C.sahlbergi.
In the case of C.germari this difference is significant at the

5% confidence level but more data is required before a definite
conclusion can be reached regarding the difference in frequency
of surface visits between Q.carinata and the two shallow water
species. It is therefore highly probable that C.germari possesses
some behavioural adaptation which causes it to visit the water
surface less often than the two shallow water species for which

results have been obtained.

The horizontal swimming speeds of C.germari, G.prorvingua

and C.wollastoni were determined according to the method described

bf Popham (1953) and at the same time the nuﬁber of leg strokes
made per minute was determined for eacl: species. The experinent
was conducted at 1OOC and thirty estimates of velocity aand rate of
striking were obtained for each species. From these data the
number of leg strokes made per metre travelled was calculated for

each species. The results are summarised in Table 69 and show

that both C.germari and G.propinqua macde significantly less strokes

per minute and hence required less strokes to cover a metre than

the two shallow water species did. In order to carry the argument
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Species.

Mean number of surface visits per half hour by

8 individuals

Mean value.

5% confidence interval.

C.germari

C.carinata

. [C.distincta

C.sahlbergi

2+859 to 2268
4+146 to 5°063
4667 to 7°224
5556 to 7.958

TABLE 68,

Mean number of surface visits per hour by groups of

8 individuals of each species. Based on 14 trials

per species at a temperature of 17°C.




G, prop- C;germ- C.sahl- C.wollast-
inqua. ari. bergi. oni.
Mean velocity(em/sec.) 342438 | L4e0%:33 3+1x 27 | 2¢75+ 36
Mean No.of strokes/sec.| 213 + 8.6/ 237+ 7:4| 280 + 8+6| 270 & 8°5
Mean No. of strokes/m. 66-7 58+9 89:3 981

TABLE 69. Mean values for velocity, number of strokes per second

and number of strokes per netre during horizontal

swimming at 10°%c.

5% confidence limits are shown.

Based on 30 trials per species.




further, information is required about the amount of energy
expended per leg stroke by each species. If it is assumed
that the amount of energy used per leg stroke is the same for

all four species, then it follows that C,germari and C.carinata

swim more efficiently than C.sahlbergi and C.wollastoni and are

therefore better suited to life in deep or rough water than the

two latter srecies. What the results certainly do show is that,

at the temperature of the experiment, C;germari swims significantly
faster than the two shallow water snecies. This is of great

importance, for it means that C,germari will be better adapted to

life under rouvgh water conditions than C.sahlbergi and C.wollastoni.
It also sugge=ts that C.germari will take proportionately less tine

over its visits to the surface than C.sanlbergy¥ and C.wollastoii do.

This last nossibililty was tested by vlacing a number of specimens of
C.germari in an aquarium with 20 cm. (8 in.) depth of water above the
surface of the substratum. Each time a srecimen visited the water
surface, the time taken to make the round trip from bottom to surface
to bottom vas measured. Thé experiment was conducted at lSOC and
times were not recorded in cases where a specimen visited the surface
and then swam aBout the aquarium before returning to the substratum.
Twenty readings were obtained for C.germari and the process was then

repeated for C,wollastoni and for C.sahlbergi. In each case the

insects used were provided with bottom material from the »laces
where they were collected. Tpe results are summarised in Table 70.

and show that, in 20 cm. (8 in.) depth of water, C.germari does take
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C.germari.

C.sahlbergi.

C;wollastoni.

Mean time talen(secs.)

6°3 + 1.10

67 + 0°99

8¢9 ¥ 1.38

TABLE 70. Mean number of seconds taken to travel from the

substratum to water surface and back acain for the

purpose of renewing the bubble gill.

Based on

20 trials per species at 15°C in 20 cm.(8 in.) depth

of water.




less time to visit the water surface and renew its bubble gill than

Cecsahlbergi or C.wollastoni,though the difference between C.germari

and C.sahlbergi is not significant. 1In addition, it has been shown
that C;germari visits the surface significantly less often than the
two latter species. Thus. so far as the time factor is concerned,
C;germarI is likely to be able to make surface visitjng an economical

proposition at greater depths than C.wollastoni ar C.sahlbergi.
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XVIII. DISCUSSION.

Investigation of the Pennine habitats of C.germari,

C.carinata and G, propingua shows that the habitats of these three
species can be typified to some extent. It is clear that water
bodies suitable for occupation by these species are quite comron

in the Pennine region, in the form of reservcirs such as have

been described above. Sych reservoirs are widespread and by no
means rare in the Pennines around the altitude of 1,000 ft. (300 wu.).
_It is therefore likely that further collecting in this re~ion will
show that these three snecies are quite widespread there. It is
further sugrested that the reasons for these three srecies not
hitherto being well-known in the Pennine region are that little
atterntion has so far béen raid to tﬁe corixid faunas of uvland
reservoirs and that inadequate attention has been giver to the stony

banks and deep water where these species are to be found most easily.

On the basis of the information already obtained about the

biology of C.germari and the types of habitats it occupies, it is
now possible to examine the various stages in it s life history

to see what adaptations fitting them for their habitat are shown by

these stages.

It has been shown that C.germari gaerally lays its eggs on
stones rather than on dead or living vegetation. This behaviour is
clearly of value to a species living in places subject to severe

wave action, for, in such places, eggs laid on vegetation are liable
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to suffer dessiccation as a result of the vegetation being
torn up and thrown ashore by waves. The stones of the substratum
are likely to be moved about relatively litfle and are most unlikely

to be cast ashore.

It is therefore of interest to note the peculiar form of
the C.germafi egg, for it is a relatively long, narrow egg with a
very short pedicel and it shows bilateral symmetry such that, |
when the egg is attached to a plane surface, the long axis of the
egg is inclined at an angle to that surface. The egzs that haveA
been described for other species of Corixinae (Hungerford 1948,
Poisson 193%, Packard 1898, Walton 1943) are of a variety of
shépes but are generally radially symmetrical and their long axes
therefore rise perwendicularly from the surfaces to which thev
are attached,. Clearly, a long, narrow egg is ideally suited to
being laid in crevices on stones, whilst the bilateral symnetry
of the egg of C.germari means that when it has been laid within a
crevice, or on a plane surface, its apex does not stand as far
clear of the surface of the stone as would be the case with a
long, narrow, radially symmetrical egz. he importance of this
latter point is that the smaller the distance that the egs
protrudes beyond the surface of the stone to which it is attached,
the lesé danger there is of the egg being danaged by movement of
the stones or by the scouring action of wave-driven particles of

sand, peat or vegetation.

Popham (1941, 1943 -a, 1942 b) showed that Corixidae tend to
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match the colour shade of the background on which they were

reared and that the adults select a background which matches

their own colour shade. He further showed that, under laboratory
conﬁitions, srecimens ~atching their background were less subject
to predation by fish (Popham 1948) and to infestation by
ectoparasitic mites (Popham 1943) than specimens not matching their
backgrouhd. It is therefore of interest to note that C.germari
wh?ch lives on relativelyApale, sandy bottoms is generally paler
in colour than the closely related C.carinata which occurs in

water bodies with peat~-covered battoms.

The most striking feature of the adults of C.germari

is their ability to live at greater depths than mostpther British
species. This fact has two consequences. Firstly, it has élreaéw
been observed that this species is able to live on exppsed{shores
in water bodies subject to severe wave action. The greater the
depth at which an organism is able to live, the smaller are the
chances of it being adversely affected by such wave action. This
point is illuétrated by the fact that the Bafbrook reservoir traps
at 0¢3 m. depth suffered severe damage from wave action, but those
at greater depths were damaged relatively little. Secondly, the
water bodies usually inhabited by this species have all or part of
their margins in the form of steeply sloping banks. In such a

place, a species able to live only in relatively shallow water would

only be able to live in a relatively narrow strip round the margin of

the water body whilst a species such as C.germari that is able to
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live at greater depths would be able to exploit a correspondingly
broader strip and would therefore be able to attain greater
numbers in the water body as a whole than would a species confined

to the shallows.

In order to live at greater depths than most other
species, C.germari must be, in some way, more efficient than those
other speéies. Evervy time that a corixid visits the water sur®ace to
renew its bubble gill it must expend time and energy in malzins the
Jjourney and the greater the water depth the greater will be the
quantities of time and energy required. Tus it 2izht be emmected
that C.germari will show one o both of the following tyzes of
adaptation:- either some special res»iratory adavntation that will
enable it to visit the surface less ‘often than the shallow water
species, or else the ability to swim more fayidly and/dr more
efficiently than most of the shalldw water snecies and so to expend
relatively less tire and/or energy in making its long journeys to
the surface fhan is expended by the shallow water species in their

shorter journeys.

The experiments on r~spiration and swimming sugrest that
C.germari iséble to live at greater depths and in rouvgher water than
certain other species with which it has been compared, because it
%ims more rapidly and possibly more efficiently than those other
species, The experiments also show that C,germari visits the
surface less often than the shallow water species, but the exact
mechanism involved is not clear. Thus, results of preliminary
experiments agree with inferences from study of the habiig of

C.germari.
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SECTION D,

GENERAL DISCUSSION, SUMMARY AND
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XIX. GFENERAT DISCUSSION.

A considerable amount of work has already been done on
the British Corixidae. It is therefore necessary to justify yet
another contribution on this subject and the aims of this
discussion are to show the relevance of the present work to our
knowledge of the Corixidae as a group and as a component of the
fauna of upland water bodies, to show how such knowledge might
possibly be given practical application and to consider certain
developments of technique that would facilitate our expansion of

this knowledge.

In the present work an attemnt was made to describe the
life history of C.germari in quantitative terms and to study certain
aspects of the biology and distribution of this species. The
studies of the bioldgy and distribution have not raised any
startling new facts but have, in many cases, provided quantitative
evidence in suprort of the statements of previous workers on
C.germari and the Corixidae in general. This is important because
some of the statements previously made apnear to have been based

on subjective evidence and to have been rather speculative,

The studies on abundance and mortality have provided a
picture of the abundance fluctuations shown by the species through-
out its life history and have enabled some of the major causes of
mortality to be listed, but two seasons' study are quite inadequate
for the elucidation of the mechanism controliing the abundance of

such an organism. Therefore this work cannot be regarded as a

134,




study in "population dynamics" if that term be taken to imply
study of the underlying causes governing the numbers attained

by a given species in a particular habitat. The work must
therefore be regarded as a quantitative life history study of
C.germari which could serve as a basis for future work on the
population dynamics of the species or for the use of the

organism as a tool for study of the principles of population
regulation. Such development of the work, however, would reguire
more information about the ecological relationships between
C.germari and tﬁe other animal species associated with it.

Upland reservoirs, such as Barbrook, provide a unique opnortunity
for work of this type becanse they contain relatively few species
that reac» aprreciable abundance and hence a study of these few
species would crovide a relatively comprehensive picture of the
interplay between the majior components of the faunas of such

water bodies. In order to do this, more information is required

about sampling techniques.

The present discussi~n will therefore be directed towards
two main ends :- 1. To examine two possible nracticel ap~lic-
ations of ovr knowledge € the Corixidae and thus show the importance
of detailed investigations of thve biology and ecology of individual
species and also the imrortance of attempting to gain understanding

of the population dynamics of the Corixidae.

2. To discuss sampling techniques for
free-swimming freshwater organisms, to assess the value of those

used in the present work and to consider the developments of
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technique likely to be required in future work on the Corixidae.

Previous descriptive work on thé habitats of Corixidae
shows that each species tends to occur in a restricted range of
habitats. In view of this, the widespread odgurrence of Corixidae
and the clear-cut taxonomy of the British species, it might be
expected that these animals would be useful as biological indicators.
Macan (1938) demonstrated that Corixidae in léke bays showed a
succession corresponding to the degree to which orgaic matter had
accumulated in the various bays. The species studied could therefore
be regarded as indicators of the amounts of organic matter in lake
bays. In later work, (Macan)(1955) showed that species analyses of
samples from fairly exposed lake shores could be correlated with the
productivities of the lakes studied. It was, however, necessary to
confine the collecting to exposed shores because, even in an
uﬁproducﬁive lake, species typical of producﬁive waters may be found
in bays and vegetatién stands.whose productivities are higher than
that of the lake in general. Macan's work has shown that some
species of Corixidae can be useful indicators,but our present
knowledge of the distriabution of many species is on a purely
descriptive and somewhat subjective level so that it is difficult
to assess the exact meaning of the presence or absence of such

species in particular water bodies. In such cases, only detailed

study of the biology of each srecies and of the habitats it occupies
will show exactly what the presencé of that particular species
actually indicates. Thus, in the series of lakes studied by Macan

(1955) one or more of the species C.dorsalis (or C.striata),
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C.scotti, C. falleni and C.fossarum occurred éan the exosed shores

of the lakeé. ' These four species showed a succession corresnond-
ing to the degrees of productivity shown by the lakes, but Macan
noted one anomalous case - in L.Néagh, the most eutrophic lake of
the series, C.germari was the oﬁly corixid swecies found abuﬁdantly
_on the exposed shores. This might lead to.tﬁe conclusion that
C.germari is an indicator of highly eutrophic conditions. Tt is
kndwn, however, (Macan 1954a, 1954b) that this species also occurs
in base-poor waters so that this explanation of the results is quite
inadequate. The present work and that of Walton (1943) and

Macan (1957) suggests that C.germari is associated with steeply
sloping,shOres, severe wave action and sandy substrata with stones.
The informatiocn given by Macan and Iund (1954b)vand Macan (1955 and
personal communication) shows that L;Neagh is a large, relatively
shallow lake with very gently sloping margins. Macan and Tund (1954b)
collected over sandy and stony bottoms. T.D.H. Catchpool (personal
comzunication) states that the lake is in an exposed position and
suffers very sevérg wave action. It is therefore probable that the
presence of C.germari in Lake Neagh is an indication of somne, or
all, of these features rather than of the productivity of the lake.
This exemplifieé the need for greater knowledge of the individual
srecies of Cerixidée before marny of the species can be used as

bioYogical indicators.

The present work shows that Corixidae are able to reach
fairly high population demsities in certain upland water bodies and

it has been shown by Macan and Frost (1948) that trout tend to
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avoid them as food. Thus Corixidae may be regarded as being

of less value as potential fish food than certain other organisms
present in upland water “odies. Therefore, if the abuﬁdance of the
Corixidae(in such waters’ could be reduced this might lead to
greater production of insects more useful as trout food and hence

to greater production of trout. To assess this and similar possib-
ilities, detailed quantitative information is required abdut the
abundance of Corixidae and other organisms in the water bodies
concerned and about the factors controlling the abundance of those

organisms.,

Any attempt to make quantitative investigations raises the
problem of finding a sampling teghnique which will enable the
abundance of the organism concerned to be measured. This problem
is particularly acute in the case of animals such as the Corixidae,
which spend most of their time on the bottom but can swim fairly
rapidly. Experience with the traps in Barbrook reservoir sugrests
that activity samplers are of doubtful value for measuring the
abundance of such organisms and therefore a grab or net must be
used. The grab has two disadvantages commared with a vond net.
Firstly, it cannot be used on hard substrata such as are found in
many upland reservoirs. Secondly, relatively fast-swimwing
orgarisms such as Corixidae and water beetles will tend to escape
from the area coveréd by a grab before the grab closes and the ratio
of escapes to captures will vary with the swimming szeed of the
insects whic» will, in turn, vary with the temperature and thus

cause seasonal variation in sampling efficiency.
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This latter effect will apply to a net as wel’ but is likely to be
less'important in that case, for Macan (1949) has shown that a pond
net is a more efficient means of samplinsg active, free-swimming
insects than a hand grab is. In the present work, nets were found
to give a satisfébtory measure of the abundance of C.germari but in
the course of the work it became evident to the present writer that
our knowledge of the mode of operation of the plankton net and the
common pond net was very scanty. It is therefore suggested that,
in order to be sure that the accuracy of quantitative results
obtained by net sampling is adequate to allow the population
dynamics of a free-swimming organism to be studied, our knowledge of
the exact meaning of those results must be déepened. In particular,
it is important to examine such problems as the relatjonship between
mesh size and the size of the animals caught; the relationship
bétween numbers caught, the swimming speed of the animals and the
net velocity; the relationship between filtering efficiency, net
shape, mesh size and net velocity; and, in the case of insects such
as the Corixidae, the relative importance of the filtering efficiency
of the net and the ability of the net to stir up the water and

raise animals from the bottom to a position where they can be

caught by a subsequent stroke of the net. It would then be possible
to obtain some idea of the accuracy of net/sampling and of the

netting technique likely to be most efficient in any piven situation.

It should be fairly straightforward to devise ways of
obtaining information about the operation of nets but, in the case

of certain eorixid species, other sampling nroblems arise. The
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evidence suggests that C.germari fly= relatively little and that

it is justifiable to assume that losses from the reservoir by
flight are negligible. With many other srecies this assumntion
cannot be made and in studying the population dynamics of such
species it will be newessary to take into account the interchange
of individnals between water bodies. The mercury vapour Eight

trap is the most obvicus method of studying flight in Corixidae
(Thomas 1938, Leston and Gardner 1953, Leston 1954, Poisson,
Richard and Rjichard 1957) but this technique has wany in-dequacies.
Tight traps will miss sﬁecies that fly by day and may be selective
in their action by night. Thus the presence of a species in 1ligzht
trap collections is proof that that species does fly but the absencé
or s€arcity of other species in such collections does not five any
indicaticn of the extent to which those species do or do not fly.
Thus the interpretation of light trap captures is very difficult
and, even if some means could be devised to find out exactly what
speciés in whatlproportions were in the air at any given time,

the difficulty of relating these data quantitatively to fluctuations
in abundance within individual water bodies would still remain.
Before it becomes possible to study the population dynamics of
species that fly about a great deal it is therefore essential that
further attention be paid to problems relating to Ehe measurement

of flight activity in Corixidae.
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XX. SUMMARY.

General,

l. The general methods of approach used in previous work
on the_biology and ecology of Corixidae are reviewed. The present
work was chiefly an attempt to study the life history of Corixa
germari (Fieb) in a single water body between Spring 1957 and

Spring 1959.

2. Mpst of the work was carried out at three base-poor South
Pennine reservoirs and one peat pocl, all situated at altitudes of

about 1,000 ft. (300 m.).

3. Particular attention was paid to Barbrook reservoir. This
reservoir occupies 12:9 ha., has stéep stony sides and a bottom of
sand. It contains little vegetation and is subject to severe wave

action.

b, Twenty-one species of Corixidae were found in the reservoirs
but in Barbrook reservoir C.germari formed about 98% of the material
collected. 1In the other two reservoirs C.germari showed less

marked predowinance,

5. The other animals identified from each rese~voir have
been listed. 1In Barbrook reservoir the main comnonents of the

fauna are Rotifera, Copenoda, Cladocera, water beetles, Chirono-

midae and C.germari.

6. In Barbrook reservoir C.germari is infected by an
endoparasité, probably a gregarine Protozoan. The rresence of

this parasite has no clearly marked effect on the host.
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Sampling methods.

1. The abundance of the eggs of C.germari was measured by

direct counting in the field.

2. Net sampling was found to be a satisfactory method of
neasuring the abundance of the adults and nymphs. The first two
nymphal instars were sampled with a net that had 24 meshes per cn.,
the other swimming stages with a net that had é meshes per cn.
Data from laboratory and field were used to relate the catches in

the two nets.

3. Activity traps were found unsatisfactory as a neans of

measuring the abundance of Corixidae in Barbrook reservoir.

Food and predators,

1. C.germari has been observed to feed.on chironomid larvae,
small lumbricids and its own eggs. TFilaments of the alga,

Microspora sp., have been found in the fore-guts of specimens of

C.germari..

2.Examination of the fore-gut contents of water beetles

from Barbrock reservoir showed that during September the inarines of

+

Agabus nebulosus and _A;Bipusfulatug feed chiefly on chironomid

lar¥ae and pupae, corixid nymphs and small Diptera. Laboratory

observations showed that the larvae of thesg beetles attack

Corixidae and chiroromid larvae.
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- Life history and distribution within the reservoir.

1. C.germari has five nymphal instars.

2, 1In Barbrook reservoir C;germari haé one generation per
year.

3. Net sampling showed that,in Barbroock reservoir, the adults
of C.gernari were more abundant on a bank of relativel& small
irregular stones than on banks of larger more regular stones or on

gently sloping sandy shores. This may be partIy due to the fact that

the former place suffered less wave action than the others.

4, Data from net and trap sampling show that the adults of

C.germari were more abundant at 1.0 m. depth than at 0+5 m. depth

and that from 1-0 m. to 267 m. the abundance fell off very little.

5. The sex ratios given by the net samples show various
inconsistencies but sugegest that the sex ratio is fairly close to
1:1 throughout the autumn, winter and spring. The old seneration

males tended to outlive the old generation females in 1958.

Reproduction.

1. A temperature of at least 800 appears to be required before

copulation takes place.

2. Labora*tory observations showed that stridulating males
excite other males and cause them to stridulate too. Striduldtion
does not appear to have any effect on females. Over dis*ances of

a few centimetres, males ap~ear to respond to a visual stinulus and
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attemnt to corulate with swimming fewales but not with resting ones.
It is suggested that stridulation in Corixidae may be a means of

social stimulation between males.

3. Eggs develop within the females throughout the oviposition
period. |

L, The egg of C.germari has been described by Banks (1939).

5. Laboratory experiments showed that hatching takes about
15 days at 16°C and that between 10 and BOOC the relationship
between hatching time and‘temperature is roughly linear. Below

8°C hatching is indefinitely suspended.

6.' In the laboratory, the highest percentage hatch was given
between 10 and 20°C,

7. In the field C.germari showed a préference for stones as
oviposition sites and most of the eggs are laid on the undersides
or the stones or in crevices. Dyring the oviposition period the
females showed a tendency to occupy more poorly illuminated

places than the males.

Flight.

Y. Attempts at flight by C.germari have been observed in the
field but very few specimens were observed to succeed in leaving

the reservoir. ©Experiments in the laboratory showed that C.cermari

was less willing to fly than C.wollastoni or C.sahlbergi.

14k,




Abundance and mortality.

I; In 1957 and 1958 the overwintered adults of C.germari
gave‘catches of about 10 per Standard Net Sweep. 1In 1958 these
overwintered adults produced about 916 eggs of which 58% (53&)
hatched. QOf the nymphs produced 80 survived to become adults in
the autumn and 20 of these adults survived to breed in 1959.

Wave action and predation appeared to be impqrtant causes of
adult and nymph mortality. Of the eggs, 8% were attacked by
fungus, 6% were attacked by the adults, 24% appeared to be undamnaged

but failed to hatch and 3% showed damage but the cause of he

damage could not be determined.

2, The wet and dry weights of &he various stages of C.germari

were determined and the relative abundance data were converted into

biomasses.

3. Preliminary estimates of the number of eggs per m2 of
substratum during 1958 have made it possible to convért the relative
biomass and abundance data into approximate values per m“ of
substratum. The catch per Standard Net Sweep corresponds roughly

to the number of Corixidae per 1/38 m2.

Distribution and ecological reqﬁirements.

I. References in the literature to the ecological distribution

of C.germari, C,carinata and Glaencorisa provinqua have been reviewed

and the present author's records of these three snecies have been

corisidered in the light of this review. These three snecies all
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appear to prefer relatively large deep water bodies with steeply
sloping banks, some stone present and little vegetation. C.germari
was found in water hodies with sandy bottoms, C.carinata in those
whose bottoms were overlaid by peat and G.propinqua was found in

both types of water body.

2. The adaptations to environment shown by C.germari have
been considered. Tune shape of the egr is well suited to the type
of 6Viposition site used and the tyne of oviposition site is ideal
for places where severe wave action occurs. The ability of
C.germari to live at greater depths than most corixid species
probably enables it to survive severe wave action. Prelininary
expériments suggest that C.germari §isits the water surface less
often and swims more rapidly than the shallow water species
This probably accounts for its ability to live at depths of

1°0 m. or more.
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APPENDIX I.

IDENTIFICATION OF MATERIAL,

As far gspossible, the material collected has been
submitted to competent authorities for determination. A list of
the material so examined, together with the names of the authorities,

is given below :-

Species or Group. Authority.
Corixidae. Dr. T.T. Macan.
Coleoptera. Dr. J.Balfour-Browne.
Acarina. Dr. O, Evans.
Annelida, Mr. S. Prudhoe.
Sciaridae (Diptera). Mr. P, Freeman
Chironomus anthracinus (Diptera). Dr. J.H. Mundie,
Crustacea. Dr. W.J.B. Smyly.
Plecoptera. Dr. H.B.N. Hynes.
Trichoptera. ' Mr. J.P. Leader.
Algae. | ' Dr. G. Leedale.
Pungi. Dr., P. Watson.
Juncus bi#lbosus agg. Mr. P.E. Allen.

Dr. J. Théodorides kindly agreed to examine the endoparasite of
C.germari but was unable to do so because all the living material

sent to him deteriorated in transit.




APPENDIX II.

STATISTICAL METHODS USED. (Methods recommended by

Mr., Wallington of the Mathematics
Department, Durham Colleges).

J. Normal PBistribution.

(1) 5% confidence limits of the mean :-
Given a set of n samples whose values are x_, X9 XygeeoeesXn

and whose mean is x.

Then x = £x/n

/ 2 _(21)/"_‘
And the standard error of the mean = = o

Wn

Thus the mean and its 5% confidence limits are given by :-

£/ &'« /x‘ (“/\'
O

when t' is the value of t corresponding to a probability of 005
and n degrees of freedom. This value of t can be obtained from
tables but, for most practical purposes, it can :be assumed that
where n > 30,t = 2°0.
. (ii).To test the significance of the difference
between two means :-

Gigen two sample means ;‘ and x based on n, and n, samples

a ?

respectively,

v _ ~ \2 = \?
then if :~ 2, -%/ $(=-%) . §(x, - %) > 2o
nt iy

the difference is significant at the 5% confidence level.
(Normal distribution methods have been used to calculate the

values given in Tables 4,6,10,29,30,31,32,33,34,35,43,51,53,55,
57,69 and 70).
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II. Poisson Distribution.

A set of samples consisting of small discrete
numbers-approximates to a Poisson distribution but the square
roots of the numbers will approximate to a normal distribution.

Given a set of amall discrete numbers

t, tiy t; yeeeees ta . to find the mean and 5% confidence limits

of the mean the values t, t, Laeeeenict, mué%nﬁé converted

into the values s, , By Byyeesce B oy such that s =,/ t.

Hence find s and its standard error by the normal distribution

method given above. Now find the valies of:- (s + 2x standard

error of 8.3 and :- (5 - 2x standard

error of s.)
' - -2 -
These are the 5% confidence limits of s and 8 = ¢t..

(This method has been used to calculate the values given in

Table 68).

ITI Correlation and regression.
(i) Correlation coefficient :-

" To test for correlation between two sets of values x and Y the

correlation coefficient, r, is calculated. When n is the number

of x, y pairs considered and ;, ; are the means of x and y

respectively, then :=-

"t/“é:.g- xy

r —
S [ -




Now when r = 1 there is a perfect poéitive co;relation between
x and y, and whén r = -1 there is a perfect negative correlation.
To test the signifibance of a given value of r it is necessary to

- calculate t.

t =T¥n -2 ’
BV

Now the“probability of the correlation being significant can be
determined by'reference to a table of values of t, the table
being entered at the n -2 degrees of freedom level.

(ii) Regression lines :-
If two sets of measurements x and y appear to be significantly
correlated it is possible to calculate approximate values of y
corresponding to given values of x‘by'megns of the regression
line of y upon i. The formula of the best-fitting straight line
is :- . '

y-3=b (x -x) where b = 4 yx /4x
Thus the value .of y corresponding to a given value of x is :=-
y=y +b (x - X).

(Correlation and regression methods have been used on p.25 ).

IV. Proportions and percentages.

If a sample of n items is taken and a proportion p

of those items is (for example) parasitised, then the standard

error of that proportion is given by :- - /f (\-—f)/h_




. Hence the 5% confidence limits of the proportion =2x,/p (1 - p)/n.
If it is required to express the proportion as a percentage of n

. then the S%Vconfidence limits of the propoftion must be multiplied
by 100 to give the 5% confidence limits of the_correspo@ding
percentage. . (This method has beentused to calculate the values

given in Tables 7, 11, 46, 49, 50 and 54).

V. Chi-squared methods.

(1) If a given sample is separated into two or
more classes it is possible to test whether or naot the number of
individuals falling into each particular class differs éignificant-
ly from a partiéﬁlar expécted value. IhisAtest is made by
calculating the value of Chi-squared where. :-

Chi-squared = (Observed value - Expected vélue)2

Expected value.
The probability that the difference between the observed and
expected’valués is due to pure chance is then obtained by
reference to a table of Chi-squared by entering the table at the
one degree of freedom level. _
If P'<:b;05 the difference is éken to be significant.

In.this way a Chi-squared can be calculated.for
each class and these Chi-squareds can then be added to give the
Chi~gquared valug_of the whole sample. In Table 37 a value of
Chi-squaréd has been calculated for each sex on each sampling
date and by adding these together a total Chi-squgree for each

date can be found,and by adding the latter together a Chi-squarxed




value for the whole Table can bdé found. In such a case there
are N degrees of freedom where N = Number of sampling dates - 1.
(1i) 2 x 2 Contingency tables :-
Given two samples, each of which can be
seﬁarated into two classes, it is possible to set out the results

in a contingency table as represented: below :-

Class A. Class B. Totals.

Sample 1. a b n3
Sample 2. c d n,
Totals. ny n, nr

It is then possible to find out whether the ratio a : b given by
sample 1. differs significantly from the ratio ¢ : d given by

sample 2. by using the formula :-
’ 1
ne (ad <be)

n, x N, x 63: n,

Chi-squared =
Such a table has one degree of freedom.
(Chi-squared methods have been used in Tables 12, 37, 38, 39, 40,
4k, b5, 47, b8, 63, 64, 65 and 66).




APPENDIX III.

THE LENGTHS OF ADULT SPECIMENS OF C.GERMARI FROM BARBROOK

RESERVOIR,

Hungerford (1948) points out that specimens of
C.germari examined by him were 7°4 mm. long whereas Macan (1939,
1956) and Stichel (1935) quote ranges of 7°5 = 10°0 and 7°5 -

80 mm. respectively for this species.

Iy the presenf work it became clear that the
adult specimens of C.germari takeq from Barbrook reservoir were
also unusually small and samples of 50 speéimens of each sex
were.collected, killed and immediately measured by means of a
low-power ( x7 ) miéroscope with a micrometer eyepiece.

The résplts are shown in Table A. It can be seen that the
‘lengths of all the females examined fell within the ranges given
bj Macan and by Stichel but that about 25% of the males measured

less than the minimum value quoted by those two workers.

Clearly, the lengths may vary according to the
techhiques employed by different workers, but in this case it
seems more likely that C.germari shows a rather abnormal
(for,Coriiidae) amount of variation in size from one habitat or
area to another and that Barbrook reservoir is a habitat which

produces relatively small specimens.




Males. .

Length in mm. Frequency
7'2 - 7°3 2
7°3 - 7°4 3
7°4 - 745 ' 7
75 - 746 9
706 = 7.7 12
7°7 - 7.8 7
7°8 - 7°9 7
7°9 - 8°0 2
8:0 - 8°1 1
Females. .
T 7°5 = 7.6 2
76 - 7.7 : 3
77 - 7:8 9
7°8 = 7°9 11
7°9 - 80 ?
8°0 - 8-1 9
8:1 - 8°2 ?
82 - 83 1
8°3 - 84 1

TABLE A. Distribution of lengths in samples of male and
female specimens of C.germari from Barbrook

reservoir.
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