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The reproductive behaviour(and ecology of the smallmouth bass, -

'Micropterus dolomieui, was studied during the 1981 to 1983 spawning

seasons at Long Point Bay, Lake Erie. SCUBA was used to find.and

observe nestingrmales. My. observations of these fish revealed some o
behaviours that wi.e not previousiy described. - Other activities, .e.g

: parental guarding, were segregated. into discrete behaviour patterns.

-

These units were organized into an ethogram.of reproductive behaviour.

- A mating system involving selectivity by males in choosing mates was .

£ ' o Co
discussed. - : N S e
» - .

Reproductive success of individual male smallmouth was

reflecting differences in biological characteristics oP the male, time

in the season and particular habitat.features in or near the'nést

were measured. The significant influences on reproductive succeds
. ' 143

were evaluated through a sequence.of‘statistical analyses. Principal
AN . o
components analysis on the 13 predictor variables provided a subset of

5 independent component variables containing 952 of the ofiginal
variation. A multivariate analysis of variance on the PC scores of !
the variables indicated differences betWeen years. Discriminant ‘
function analysis using data: from different years. as groups,
identified that the physical environmental cbmponent (primarily the,
accnmulated ‘hours of wind greater than Beaufort force 4 during

offspring development) was responsible for these differences. .

Multiple regressions of the eomponent vsriables with reproductive ’

>
»

-

measured by collecting new "bLackrfry" from nests. Thirteen variables

.




‘sncoeas demonssrated“that.windy,hourg'end{the material in the Jottom
. of the eeste eignifioantiy-Ihfluengei.the.numbers’of,"Bdackffry" in.

nests. X .o Lo - SR

Renesting by male smallmouth that prematurely lost their brood

was st e& using 54 marked fish. uest mortality was simulated ‘by

'“,removing "blackefry ' Twelve males (222) undertook a second

‘reproductive effort ‘in- their‘same territory. Renesting males were‘

~ older and larger than those males that nested Only once in “a

., . N

fterritory. Nnmbensof "blackkfry on both efforts did not differ

. significantly. All renesting males reared offspring to the “black-fry
stage a eecond time. Rénesting effectively mitigated the failure of

L4 - .

. a f&rst teproductive effort in one season.

T
-
.
.-
0
* -
.
I at
- -
. *
*
-
s -
. .
N~ ~ e
.,
-
» .
- » [
»
.' .
-
\, .
: ' .
- {
[ .
’ . .
i
o
‘,‘ * - "' » -

v



E teke great pleasure in acknowledging the people who, to

- .~

greater or lesser extents, have contribqted to this theeis in various

.
- ’

‘ ways. ‘Current and former graduate colleagnes*and-my advisory
committee all helped to focns-my ideas. The criticisms of Dr. Dave-

Mknéy and Keith Somers vere particularly valuable as ﬁas the competent
R » . ) ‘&

field assistence of Rob Rupert. The frequent and dften. lengthy .

discussions with my office-mate Helene Dupuis were beneficial

-
*

itrespective of the topic. e : o .
- , : )

The knowledge, sugport and availal.jity of my supervisor, Pbr.
Miles Keenleyside, made my resideney in his "racory s_,timulating

. and rewarding. The friendship of both Miles and his wife Hilda was .

Ps *

éreatly’appreciated
f i Extra-special recognition and gratitude go ro the extra-special
people who participated in-the successful completion of this thesis. .
My wife‘Giltian undertoo?.four yeers pf hard work and_thallénge with
‘our and*unﬁavering support£ Our cnildren Danielle,fhlicia,1.~

- . T e . - )

gave new neaning~to the words 'resilience' and ‘
P
thesis preparation.
An N.S. E K.Ca Operating grant o .M. ﬂ A. Keenleyside supported
this*reeearch‘ " Jim Collins with the Ontario\ﬁigistry of. Natural ¢

Resdurces a; Simcoe assisted with the losistics‘b;\irqviding boat apd .
5. R X .. . . g

shore facilities. G.8% Goff typed the manuscript. ~A. Vindegt drafted

‘the figures. I 4

L




. ., - Page
*, : A |
*. CERTIFICATE OF EXAMINATION ) . BN ii
ABSTRACT : . 141
" ACKNOWLEDGMENTS . ‘ , ~ v
TABLE OF CONTENTS ‘ vi .
LIST OF TABLES _ | . . viii -
LIST OF FIGURES . o ’ x
. LIST OF APPENDICES - : . xi
.
 CHAPTER 1 - INTRODUCTION - ‘ g - 1
- CHAPTER ‘2 -£ BACKGROUND - T , . 5
\ 2.1 The Bay R \ , - s
7% 2.2 The study sites . i\ ‘ . , 12
- 2.3 Genmeral biology . -\ * - 17
- CHAPTER 3 ~ REPRODUCTIVE BEHAVIOUR \ | 19
" " 3.1 1Introduction | 19
’ 3.2 Methods Y ' - 20
" 3.3\- Results- ’ & ' © 22 ¢
3.3.1 Description of re roductive“behaviours 22
. - \3.3.2 0rganization~ of reproductive behaviour 27
* 3.4 . 1scuss‘ion * ’ .35
CHAPTER 4 - REPRODYCTIVE SUCCESS : ‘ 40
4.1 Introduction . : . - 40
' 4.2 Methods ' - a _ 43
. 4.2\1°°Field methods 43
. 4.2.)2 Laboratory methods 44
4,2.3 The variables . L 46
. .- 4.2.4 .The analysis N : . __,{p8
. 4.3 Results . . - ,53
bob ‘Discus ion - : - 67
. . e . . )
.. 'CHAPTER 5 - RENESTING BY \MALE SMALLMOUTH 2
) S 5.1 .Introduction e . 72
5.2 Methods \ . . e 74
. 5.3 Results ’ : oo : 76
S .. ‘5.4, ‘Discussjon\ . e T 82
' e : , !
CHAPTE® 6 ~ CONCLUSIONS : 85

REFERENCES -




. & P &5
: 38
- » R R 3
s ] . L . . PRk
\ y .
' P . T
. s A . [ 4 >
» . L)
' APPENDIX 1 Distributions of 13 predictor variables
: - measured for successful smallmouth bass 99

. " APPENDIX 'II  Diagram of underwater dfedge used to .
collect "black-fry" from nests ) 107

4

VITA o o 109:




3.2
4.1

4.2
4.3

4.4
4.5

4.6

. " LIST. OF TABLES S ’
. : -

’ N Dﬁfc;iption - i Page
. Recreational harvest of smallmouth bass . . i

in Long Point Bay ’ : ‘ .9

Spawning. seasons and hours of . s 21

behavioural observations

Repfbdnctive behaviours in smallmouth base 23

Description of predictor variables ' .47

Proportions of nests which successfully .

produced "black-fry" [ 54

Means and variances of the predictor '
variables : - V4 57

Eigenvector, loadingg on the first 5
prigcipal components of tﬂk measured
predictor variables . . -~ 59

Strugture (correlatior) coefficients

. between the first 5 principal components

1

and~ the measureq predictor variables 60

Qualitative’ descriptions ofF the principal

.component variables , , ) 61

Standardized discriminant function coeffitcients -
that indicate. annual differences in compohent _
variables v 62

Multiple regression cesults of "black;fry“
with component variables that do not differ .
between years B : 64

Multiple regfession results of "black-fry"

with component variables that vary between

years ' - A ' 65

Eigenvector loadings on the first & principai

-components of ‘the variables that characterize

nests ' . s N n

viti , «



.
+

5.2 . Structure (correlation) coefficients between *
the first 4 principal components and the
variables that characterize nests °
5.3 Standardized digcriminant’ function l ) -
' coefficients for single vs. reused nests

L . 5.4 Comparisons ‘'of males’that spawned once and
malés that spawned twice in the same territory




(2]

. , - . I " P .'.
\\v‘// , LIST OF FIGURES
Figure ) , * Description
2.1  Location of Long Point Bay '
2,2°  Water temperatures andihesting periods
~ e . v
2.3 Map of study sites :
2.4 Size af age relationship of nesting males
. 4 - . L] .
3.1 Interaction of male aggréés;on and
. female readiness to spawn '
‘r' PR ' - * .
3.2 Frequency of charges at predators at
different stages of offspring development
i T . ’ t .
4.1 Flow diagram of analyses sequence '
Y pietribution of "black-fry" counts "
- . . - N
! + L4 .
Y - . .o
) |
N . - N
. L ®
' - .
- e ;.‘
. ‘ - : - - A )
. .. .
R ’ st T
4 . R

Page

11
14

16
30
34

50

56



LIST OF APPENDICES -
Description

Frequency distributions of 13
predictor varigbles

"Low pressure suction dredge used
to collect "black-fry"

/

-~



) R - . - . -

4 \J

CHAPTER 1 - INTRODUCTION .

.

° . . Behaviour has evolved das a jmeans of solving problems. To

survive and reproduce an animal must solve & set of ecological problems

and a set of sociai problems. The ecoloéical problems involve‘finding .

2 . .
a place to live and reproduce, acquiring resources and .avoiding

predation. Social problems include finding mates and rearing young

(Wittenberqer 1981: 195) . .

Some details of thede problems of surviual were examined in a
study of the repreductive bi logy of smallmouth bass, Hicropterus

dolomieui._ Specifiéblly the eprodq%five behaviour and the

reproductive success of male smallmouth’ nesting in a,large shailow
lake were observed and measured. . e

The smallmouth is otie of the black bass or Micropterinae

[N

members of tfle sunfish (Centrarchidae) family (Hubbs and Bailey 1938).

- -

d 1t isa warm'ueter fish originally occurring in fresh waters of
eastefn'central North Aherica (Scott and Crossman 1973). However it
has been introduced widely throughout North America and to Europe and
Africa‘as a popularlgamefieh-(Robbins and MacCrimmon 1974).

Centrarchid fishes in generel have been the cehtre of much

recent research on reproductive biology. Bain and Helfrich (1983)

examined the rela;ionship-between-offapring survival and nesting

behaviour of Lepomis macrochirus. Bietz (1980, 1981) studied nest

. aggregation patterns in L. megalotis and Dominey (1981a, 1981b)

described female mimicry and the anti~-predator functidn of mesting

colonies in L. macgochirus. . Gross (1982, 1983) and Gross and Charnov
" (1980) aﬁEI?géiygip{od;ctive strategies and alternative life histories
in L. macrochirus and L. gibbosus. Gross and Nowell (1980) and Noltie °
v . Y ®
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T (1982) studied the reproductive biology of Ambloplites rupestris.

Keenleyside (1972, 1978) studied fertilization sféaii;g in L. megalotis
and reprodnctiYe isolation betwgeé L. megalotis and L. gibbosus. ;
More specifically, M. dolomieui has been studied oniy’minimally

in the‘confext of renewed interesg in reproducgive biology. ‘Winéhiller
apd Taylor (1982) and Schneider kl971) £eporped briefly on.fieid
observations of the nesting'béhé§iour of smallmouth baés. A bf&édﬁf
‘base of thformation came from more general studies on the biology of
smallmouth. Rgighard (1905), Beeman (1924) and James (1930) were the
qrigingl sourgesiéf beﬁa&iourai obserQations on spawning. Tester (1930)

~and Neves (1975) contained incidental behavioural informatioﬁ. A
mo?ograph'byéyubbs and Bailey (1938) anq§review articles by Coble (1975)
‘and Mil}er (1975) synthesized the literature, on habitat requiremen;s,
growth and social behaviour (including Fep;oduetion).

" Cne impbrtant aspect‘of reproductive behaviour is the degrée to
which- it is successful. Our current,measure of reproQgctive behaviour
in meeging some'of the ecélogical and social problems oﬁ a specles is
_ tness. This central concept of evolutionary biology includes
'1ndividpal'fitness‘ which measures the reproductive success of

o .

phenotypes (Wittenberger 1981: 47), and' 'inclusive fitgess'vwhich

accounts for gene representition ih both immediate offspring and

through relati)ves (Hamilton 1964). '
Reproductive success is often used as an bperational estfaxkor

of fitmess. ic has been'measufed in variéus ways across & range of

fish taxa. Bain and Helfrich (1983) measured larval bluegill survival

and Fitzgerald aﬁd;Kéenleyside (1978) used the percentage of surviving

Cichlaaomﬁ nigrofasciatum progeny as reproductive success. Crant and

‘e
N Y
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Colgan (1983) counted Etheostha nigrum eggs in a male's territory wbile
A .
Kodrick-Brown (1983) used the number of females mated by each

territorial male Cyprinodon pecosensis to indicate reproductive success.

Perrone (1978) counted egg clutch size in Cichlasoma maculicauda and

s N
Schmale (1981) used the number of egg batches obtained per week in

Eupomacentrus partitus to estimate reproductive success, In these
studies reproductive success was evaluated against various conditions

of behaviour (male parental care or courtship behaviour), morphological

‘ variation (male size and coloration) and énvironmental variatian.

.

(substrate compositioq, topographic complexity and population density)
The purpose of the present study was to contribute further
evidence to the accumuiation‘of comparative knowledge on the
reproductive biology of centrarchid fishes. Research on the
reproductive behaviour and ecology of smallmouth bass was chosen as
the means of meeting.this objective: Two approaches were initially.

selected. First, observations were made of the nesting behaviours of

male smallmouth in a naturaI; uncontrolled énvironment. These

. observations were used.to evaluate the accuracy and completeness of the

t

available descriptions of nesting behaviour of smallmouth, most of

which originated from bass in culture ponds and aquaria.

~

Secondly, data were collected on the reproductive success of

nesting males: "Smallmouth bass were considered highly suitagle for

' measuring reproductive output among individuals. A distinctive

: "blackefry" stage in the offspring development provided a reliable

point at which to quantify reproductive sutcess at the nest. This

measure was analyzed in relation to characteristics of the nesting
. »
/
male and physical properties of the nest environment. The null
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hypothesis predicted that in a large, shallow, productive lake these
influences did not have a giénifi;ant effect on the reproductive success

of nesting male smallmouth. sAny significant influences on reproductive

success discovered were discussed.

-
-
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CHAPTER 2 - BACKGROUND !
2.1 The Bay

s Long Point Bay is a large shallow bay;created‘near the gastern
énd of Lake Erie by a 41 km sand spit extending so?theast from the
north shore tFigure 2.1). A smaller second sand spit lying in a
north-south pirect;;h creates an Inner Bay and Outer Bay:

The Inqer Bay covers 7;300 hectares,~has a3 maximum depth of
3.05 m and a shoreline length ‘of 40.7 km. Big Creek, its main .
tributary, has a mean dd;ly discharge approaching 1% of the volume of
the Inner Bay (Leach‘léBl).

The entire area 1s underlain by‘thlck Palezoic sedimentary rock.

The bottom of the bay is sandy gud, the nearshore areas being sandiest

and the offshore areas progressively mﬁddier. Nearshore sediments in

the Outer and Inner Bays'ére about equal parts of sand, silt and clay

A .

(Heathcote 1981). Prevailing winds over Long Peint Bay averAge 10 km/hr

and are from the south and west (Kohli and Farooqui 1980) . ‘
The iimnology éf the I;;er Bay was studied by Berst ;nd
McCrimmon (1966) and Leach (1981). The high coverage of the bottom of
the bay by aqua?i;:vegetation (approximately 90%Z) was described in both
studies. The iQQer'bay was classed as eutrophic and the ocuter bay was

mesotrophic based on total phosphorus concentratiop and chlorophyll 'a'

staﬁding-crops (Leach 1981). Smith (1979) identified Chara vulgaris

and Myriophyllum spicatum as the predominant species in sandy and sandy

loam sediments. Vallisneria americana and Najas flexilis and -~

e

Potamogeton friessii were other common aquatic macrophytes.

'The fertile Inner Bay supports vigorous recreational figheries
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. fég yellow perch (ferca'ﬁlbvescens),'roék bass (A. rugestl':’is)'.anisl~ .

. \ R 4+ - - ¢ I . | I . © \
sma}lmouth: bass (M. dolomieui). Annual creel’ censuses’ from 1979 to 1983

indicate recreational smallmouth catches ranging between 56139 and 73461
- ‘ .

fish. Tﬁe catch per unit of effort (CUE)Pfqr smallmouth anglers ovef-

gye period range; from .21 to .29 fish per heour of angliﬁ (Table 2.1)..
Sport hunting; wildlife qbservatioﬁ,‘boéting and qyiﬁming are

popular water based activities on thg Bay. _ ‘_ . -

The water qualify of the Bay ié-;he best in nearshoge Lake Enje
’ .

(Beathcote 1981) gpd its:shallow waue;é provide.excellent habitat for

fish spawning: The Inner Bay warms fapidly ih‘fhe spring, attaiﬁs high

tempefature regime-for the 1982 and 1983 spawning periods’ are in
| ¥ | o - '
Figure 2.2. ~ . = e ‘ 1

- -

.

temperatures in the summer and cooks quickly in the autumn. The water -
P N Y
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Table 2.1 Annual recreational harvest of smallmguth bass from
-~ L4 .‘ }a!:, * -
Long Point Bay between 1979 and 1983..:’:‘The smallmouth
~cateh per ‘hour of effort (CUE) is ba'sedior_l angling
for all species. (Data courtesy *of Ontario Ministry
_ of Natural Resources‘, Simcoe.) -t
Number of . R
- Smallmouth . CUE . .
Year Harvested _ » Smallmouth Bass
d T . 1979 * 71,646 .22 ¢
+ © 1980° . 46,306 . 209 >
. 1981 ] 56,139 .206 -
1982 73,461 . 281 - o
1983 " 66,712 - .290
[ . ' . 'f

43



W e e

'
- -
-
.
.
. +
1
.
-
»
.
.
-
- -
’
“ "

'by the bars above the ‘curves.

- A
P -
L] A b *
.
[ + P E
’ * ,' a H rl
. v
.
.
-
.
. ‘ ]
.
B
. *
.
.
- - .
-
- .
. ~
L] v .
. - R
»
Lo N -
.
.
LS ,
. A )
- -
.
. . R
-
- ‘.
.
- -
kg M «
- £
- - .
b t &
- . LY F3
- . . . .
[N .
- .!.
. ®
. e
~ . ’ fa . .
. » . L3 N
° L]
.-y, . Q2 .
. - . )
S ;
¢ .
- - .
-

Water temperature curves for Inner Long' Point.

Bay during the 1982 and 1983 Eieléjéeasoﬁsr
* .' ~ ..k
The duration of nesting activity is indicated

’. .t

R

LN

.

ot



B \‘

NOSV3S ONINMVAS 40 Ava - )

gL Ane gzaunr - geunp Gi AeW
- 09 0s  ov o€ oz O 0.

v . [ 1 . 3 1 . 1 O—.

e .’ .
.
- .

. b c . 21

" o S . Loz

--l lllllll -""Iu'-l'.rllloll""'l';llll'll'"l'll"“l 'J

Z861 | .
e P R -
€861 - o .

e




2.2 The study sites . .. ) %
N . - '

The southern shoreline of the Inner Bay was historically
considered é trdhi;ional smallmouth spawning area (Reid'1981). The
field research was ;opdﬁcted along a 6 km stretch of shoreline within:
this area kpown as Little Rice and ﬁig-Rice Bays. Six study sites were
chosen. These were spaced at approximater l km intervals (Figure 2.3).
anch site was. limited to the region (i.e. 100 m radius) around each
chosen spot. Specifip nests were located by random underwater searches,
usisg SCUBA, in the restricted ares of sach site. All sites were
repetiiisély and.shoroughly searshed to a$sure a high probability of

saﬁpling all nesting males.

»
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Figure; 2.4 The size at age regression of successful
male smallmouth bass in Long Point Bay waé

Fork length = 161 + 30.9 (Age),(r> = 80%).
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2.3 General biology

Research on fish in Long Point B;; is minimal. Published
literatu;e includes: Goff (1984a, b) on reproductive biology of
smallmouth bass, Whillgps (l2g9) on fish community transformations,
MacLean ;nd Teleki (1977) on homing in rock-bass, Sztramko and Teleki's
(1977) gtudx of fecundity variatibng iﬁ'yellow perch, and Kelso and°
Frank's (1974) survey of ofganochlorine and heévy meéal residues in

yellow perch, white bass (Morone chrysops) and smallmouth bass. Reid's

(1981) spawning survey and other Ontario Ministry of Natural Resources

information, i.e. annual creel cgnsué, provide limited information on

" smallmouth bass in Long Point Bay.
. 4

A brief synopsié of geﬁe{al information is presented to
characterize tpé poﬁulaéion I studied in Long Point-Bay. The size at
agé relationship of male smallmoutﬁ/was based on 1982 an&\19§3 spawners
(Figure 2.4). Ages of nesting bass ranged from 3 to 9 yéars. Most of
the malés belonged to the 1977 and 1978 year classes.

These'fish differ in spaﬁﬁing habitat and nest construction from
the standard smallmouéh model in reported literatlire. Generally nesés

are constructed of gravel, rubble, coarse sand, bedrock or a

cqybinatipn of two or more of these materials (Adams and Hankinsen 1928;

"Beeman 1924; Hubbs and Bailey 1938; Coble 1975).¢ Long Poinmt Béy

swallmouth nested oh fine grain sediments having mean particle

diameters from 0.003 mm (silt) to 0.02 mm (fine sand). They either

k]

© constructed a nest or simply selected a natural depreséion.

Alternatively, short stems (4-7 cm) of Chara vulgaris were frequently

*

.used as a nest substrate. The averége'nest diameter‘(26.3 + 12.2 cm)

17



in Long Point Bay was substantially smaller than the published diameter

of 60-120 cm (Hubbs and Bailey 1938).

The smallmouth moved into Inner Long Point Béy.with warming
water temperatures in the §pr1ng and emmigrate&.from the area when

nesting was completed. - ’ ‘
. . . i . ]




'GHAPTER 3 - REPRODUCTIVE BEHAVIOUR

3.1 Introduction

,Adaptive solutions to the basic survival and reproductive
problems'of all fish ere most likely to be correctly perceived by
workers who are familiar withrthe natural ecological setting of their -
'animale (Keenleyside 1979). Because surroundings can distort and
mo&ify bepaviour, a study should be made‘under conditions which are as

natural as possible. TIdeally this is in the wild state (Marler 1975).

The primary déscriptions of reproductive behaviour of smallmouth -

bass are provided by Reighard (1905) and.Beeﬁen.(l924) based on
observations in hatchery ponds and James (1930) from aquarium-
.observations. Reviews of reproéuctive behaviour which address
smallmouth are found in Breder (1936), Hubbs and Bailey (1938), Breder

and Rosen (1966), Coble (1975) and Miller (1975) Limited behavioural

observations on natural populations are added by Cleary (19?6),~
fflieger (1966), Schneider (1971), Neves (1975) aed Winemiller and
Taylor (1982). However a comprehensive description of ehe character=~
istic behaviour patterns or 'ethogram' (Brown 1975) for smallmouth
still awalts completioni

Obseevations were accumulated underwater on wild smallmouth
bass in Long Point Bay.: The research entailed two specific objectives.
The first was to inVentory and clearly describe all behavioural acts
that .occur dpring reproduction. The second was todorganize these acts

into groupings of some apparent functional similarity (Myrberg 1972

Lehner 1979)

s

Y




3.2 Methods
<

Behavioural‘observations on nesting males were collected
between May and 'July from 1981 to 1983 (Table 3.1). The study sites

were visited regularly during each season and underwater searches
were conducted. Two divers swam parallel holding the endg of a rope

-
e ®

spacing them up to 2 m apart.' The area covered on one search

depended on the water visibility, which generally ranged_froﬁ 0.5m
' 2

to 2.0 m. Thus, searches covered approximately 600 to 1600 m~ of .

4

-

bottom during a swim ¢f 200 m.
Active nests were marked by a numbered fluorescent surface

float anchored to thé substrate near the nest. These were revisited

periodically. Fifreen minute behavioural observations were made on

various males at differenc times through the reproductive cycle

e
P

Information was collected by a diver lying motionless on the substrate

0.5 to 1.0 m from the nest. . Notes were recorded underwater on a

4

scored plastic slate.

Ed
£ -
2

-

. The common initial response of a guarding male towards an

approaching diver was to move forward and display with all fins
exténded This response habituated quickly and during. periods of

data collection the diver was ignored by the male smallmouth.

20
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3.5 Results

-~

The general pattern of rerroductive activities Ijoﬂserved
corresponded to the'descriﬁtions of Reighard (1905), Beemas (1924) and
Hubbs and leley (1938). Some behsvio&rs I observed in the field were
not reported by thesé authors. The besaviour patterns most frsquently

observed were described. These™behaviour patterns were then oY¥ganized

into three general categories: territorial, spawning and parental care.
. . . . N *

The categories and a hypothesized function far each behaviour pattern

- are listed in Table 3.2. - . s

- ) ' . . )

3.3.1 Description of reproductive behaviours '

Initiating: -the male swims near a lightly scraped patch on the
substrate. He swims continuously and may leave the scrape area for
,several minutes. The fish is not very aggressive, frequently ignoring

nearby fish and is wary of divers. The spiny dorsal fin is folded and

¢¢¢¢¢¢

neither the blackvpatch‘near the tip of the operculum (Scott and

Crossman 1973) nor any markings on the lateral body wall are visible.
. J. -
p
Alert display: the territorial male slowly moves a short

distance off the nest to face a nearby fish or diver. The .spiny dbtsal

fin is erect and the pelvic fins are extended clesrly showing the white
margins. .The white spot at the tip of the opercslum is distinctly
highlighted against the‘blssk.psﬁéh.sn thé operculum. Four lateral
facial stripes are visible snd the vertical bars on the lateral body
wall are faded The display persists until the intruding fish departs

L)

or it habituates following a short exposure (i.e. 30 seconds) to a



Table 3.2 Reproductive behaviours in smallmouth bass.

- -
. . .
Behaviour Hypothesized
Category Pattern Function

.

-Territorial Initiaéing

to establish a territory

[N

Alert display

to threaten a territorial intruder

Charge - - ﬁo aggressively remove an intruder
Spawning Leading ' - to attract a female to a territory
. ‘ Circling - tq‘direct a female into a nest
- A Nipping - to direct a female and stimulate
spawning readiness
’ Crossover --to synchronize g;mete release
R ' Quiver - to mobilize eggs in ovary

Inter-quiver ) : .
to assure female of male readiness to

pause -
actually release 8perm
- to increase female stimulatiom by male
Spawning - actual release of éametes
Parental i . . .
Care , Fanning - to remove silt by moving water over eggs
Tilting - to inspect nest contents -
Patrolliné - to maximize "warning of intruders while
guarding larvae .
Tail beat - to threaten a larger intruder

« Defending to actively protect "black-fry" by

aggressively removing predators.

» . .



f] motionléss diver. An abridged form of this behaviour is occaéiodally
displayed by a pale while remaining over 4its nest.

Charge: a rapi& approach towards anaother fish by a territorial
'male; initiated with a sudden burst of swimming. The spiny dorsal fin

R is raised, the white opercular spot and black highlight are clear and

-

'thé.vertical bars on the lateral body wall become darker and distinct.
- The charge generally terminates with the retreat of the intruding'fish
, ’ | - .
but occasionally the smallmouth butts the intruder with its mouth. The

male alwayts returns”to the centre of its nest..

-
.

.
>

Leading: . a.sloﬁ non-aggressive swim towards a conspecific
" where the male'is propelled by slow wide-amplitude beats of- caudal
peduncle and fin. The présence of female.smallmouth nearby is

frequently established when this behaviour 1is displayed.
. ' - A}

1

P 3 Circlingi male and female smallmouth swim in circles above the

&

s, nest with the male on the outside. The circles decrease in diameter

as the pair descends in the wéter-columﬁ towards the nest.' The male .
:directs the femgle wigh‘b;tts or nips to her operculum, The female

circles with her he;d i;clined‘downwards.

’

Nigging: the male smallmouth occasionally bites the .female

near her operculum during the early stages of courting. This behaviour
.. - ’
becomes more frequent and vigorous as the pair approach spawning and

is directed towards the female's vent area. .




. Crossover: the pair settles in the nest with the posterior half -

of the female's body crosded over that of the male; creating an'anéie
betwein\zo and 80 degrees between them. This may persist up to 30

I

seconds“during the early stages of gpawning.’ Thg>male then g}ignsz'

himself parallel with the female and she beg%ns'to quiver.

)
2

Quiver: the female rolls laterally 45 to 90 degrees so that

her pectoral fin touches the substrate.and ‘her vent faces the male.

She then quivers vigorously along her long axis for several seconds

(2-5 seconds). ot .y

St

.
~ =
ri e
e . -~

Inter4qu1ver pause: following several,iniﬁiai.bouts of -

quivering the female rises 0.25 to'O 5 m above the substrate and
- - » i
circles the nest. The male* nips vigorously around, the female 8 vent . 4
© . . ( - ) B “s
until she returns to the erossover position. , o . - o

>

v

- . ’ ) o
L 3

‘Sgawning: egg release décurs duriﬂg a bout of.syiveringﬁ

+
- Y

However, during the initial and final bouts of quivers no eggs are shed.
A red papilla through which the eggs are released extrudes from the

female. Milt from spawning males is not- visible. During 1ntense

spawning the inter-quiver pause is absent as the female rises only -

slightly off the bottom of the nest, turns and settles into thg.nest

again. S ' o o ; o

v

+ .. ‘ et

Fanning: the male is:pqsitionéd parallel to the substrate,

2-4 cm above the eggs. .Spiny dorsal and pelvic fins are foIdsa.

Pectorals beat alternatively. Anal and soft dorsal fins work in <




)
’

~ . - : B ‘.

‘ opposttibn;to the caudal fin. The male frequently changes qrientation

) _while positioned over eggs.  He will interrupt*fanning to display, or

" " charge.intruders. -

-

. Patrolling: the.male swims in small diameter (O.SZto l.Q m)

PR - . - . -

) circles and "figure 8 patterns “around the periphery of the nest, °

actiyity is_occ

‘following these‘interruptionsn‘

e

pproximately 10 to 15 cm above the larvae on the substrate. ‘This

nalIy'interspersed'with'slert displays and:charges.

The male returns to’ thd’centre of the nest and resumes patrolling
®

»
s

IR . '

~ /r . . \
!. M . - ' . - »
. N . - | ‘

‘Y, 5 *'Tilting the male fﬁterrupts fanning: of eggs and moves slightly

backwards using his pectoral fins.‘ Then he {nclines forward into.ghe
-

... nést for seyeral.seconds. Fanning is resumed o
., rl .

‘

A

r . .
-t K

s G »

v

v

Tail‘béat* the fish swims against a large object (i e. diver,..

dredge; spear handle) intruding into the nest territory / ﬂe‘rolls to.

A
P N

make contact‘using the anterior dorsp-lateral body wall. - ihe fish rnns

v Q\ -\ |

':its body wali along the object and terminates the motion with a strong

N e

el

:\,-
ab

beat.qfdthe cauygal peduncle against the objeqt. This produces an’’

. .
ﬁ. vf \‘. . . .

audtble low frequency sound. The: white opercular spot and the black

\

highlight are present. Vertical bars are: visible dn-the lateral body
wall and fdcial stripes are visible. This behaviour likely.iunCtions )

as a warning oraaggressive disp;ay to a large intruder.

-

’ 7“ : S I
lb"- -":‘,‘ - - :1‘ ‘~ :, - .’Z", . . . N
. L. . S . L ’ . S
i Defending: the male swims around the periphery of@d‘cloud‘df
=== i ) ol .
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4

free swimming "black—fry" thas have risen out°of the nest. “He 4s”
pteoccqpied with charging lurking predators @g. rock bass ‘and

pumpkinseed) when they attempt to take "black~fry" on the periphery of

3

the Cl’bu&. - ) ) . -

. .
» . s

3.3.2 Organization of ‘reproductive behaviour
o .

- Territorial behaviour

¢ » E. ' »

-
7
B
L
. »
~

The earliest "sign of a new nes/t was'a spot or 'scrape' on a-gand

or clay substrate where the surface sediment was scrﬂeed away to reveal

-

/2 a dark patch. The male was non-aggressive and wary‘of divers. ‘lt of ten

took the fish several minutes to habituate and return to~the nest»
- 9 .

Territoriality was confirmed by the fact that one male -always- returned -

€ ’ ‘»

to the same newly scraped area after eath foray from the nest. Up to

. three adjacent.scrapes were found at one site, however only one

\ v .
rd

received eggs. o .
’ Where depressed Chara B8p. was used as a nest substrate, the
¥ . [
scrape was not always visible when a territorial male was encountered

- . e ! -

Ln other instances eggs were spawned on short standing Chara sp.

adjaCent to a scrape.

7 .

Territorial establishment lasted from several hours to a couple
of days during which the initial ‘site fidelity of the male wvas .

reinforced as the male's aggression increased. The male exhibited

P

alert displays or c¢harged other fish at the nest. The alert display
and charge were used by the male throughout all stages of the .

reproductive cycle. . These behavidurs excluded other fish during the

4

establishment of a nesting territory and wdrded off other males that

H ’ ' £ ¥
. IS .
) .

%
P K v

fa




’ | ) »
.intruded too close toc spawning activity. These same behaviours were

~ used .to protect hatched offspring from predators.

. Spawning behaviour
* In contrast with the aggressive and rapid moving charge the slow
leading swim was evidence of the readiness of tﬁe male bass to. spawn.

Females responded positively to this behaviour by remaining in or near

-

the territory.

-

In 6 out of 7 complete spawning sequentes observed, the female
N ’ A .
smallmouth was- larger tham the resident male. In the remaining pair
'?Bpth fish were'of equal size. 1In all cases the male inditiated circling

nehaViour in his territory by nipping the female on the operculum._

Initial}y the pair. swanf horizontally in 1arge diameter. circles well

above the nest (0.5 to 1.0 m). Females occasionally terminated

v

courtship at this stage. As the courtship progressed theéair

descended in the water column and eventually settled into the crossover

~

position in the nest. The initial quiverg when no-eggs were'feieased

qsreoihterspersed with inter—-quiver pauses during whicﬁ nipping by the-

male bechme intense . - N . A

‘ » *

- Theieerly quivers were succeeded by a series of bouts 6f e

depositién, with approximately 3b seconds between bouts. The inter-

. <

quiver pausa was eliminated as the female simply turned in the nest and

L2

freaettled to releade more eges.
.The decline of spawning was signalled by the resumption of the
}inter-quivet pause and ‘an increase in nipping by the male. The female

‘'no longer shed eggs during bouts of quivering. Spawning terminated and

* the fqule left tbe territory, presumably facilitated by the resurgence

. .
* - , -

28




o

Figure 3.1°

"indicate the order in'which these

Changes in the relative intensity

of male-iM) aggressivené§§ = ‘ '

and female (F) readiness to sﬁ!wn {::L’)

(e =) dpriné one spawning cycle.

Labels on the horizontal axis

.
D)

befiaviour patternhvbgcome prevalent.
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in aggressive nipping Hy the male.

The interactiop of male aggression and fgmale readiness to spawn
is summarizedﬁiﬁ diagraﬁatic Figure'3.l. Following initial pairing the
frequency of aggressive male nipping increased as he attempted to direct
the female to éwim in tighter circles and enter the nest. 'At that point
a female sometimes departed and further courtship ﬁas terminated.

However, if the female indicated her readiness to spawn by swfiming in
tighter circles and entered the nest, the intensity ;f male Aipping
_ deéreased. Once the crossover stage was reached male aggf%ssion
declined and all aggressive nipping was absent as spawning proceeded.
When the female had spawned her eggs and additional quivers did not .
release eggs, the male's aggressive nipping résuqed. It inc;eased fé TS
. T

A N . ’ et ‘ B
intensity during the inter-quiver pauses at the nest -until thg_female 4
> -

L
¥y

departed, . v e
7 buring the spawning sequence, a male occasionally suspended
courtship to charge a nearby smallmouth but quickly resumed circling
with the fémale. (A spawning paif seemed oblivio&s to a diveg lying
quietly near the nest.) ) | |
Males often spawned‘ﬁith two or more females, _Evidence ;f
multiple spawning was observed in nests containigg eggs apbroximately
24 hours old .(as indicated by their accumulatidm of settling sediment
particles) and more recently spawned eggs. Qcéasionally‘a male with a
clutch qf eggs was seen leading, presumably-in an attempt to gqtice

another female to.sﬁawn.

Parental care bebhaviour
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above the nest. Sﬁimming act;vity was restricted and élertjdisp;ays'
and charées were minimal, The radius from the nest of swimming
gFtiQity and frequen;y of alert displays and charges increased as the
offspring developed into larvae and "black-fry". During patrolliﬁg:;he
male swam the perimeter of its nest and the frequency of  charges
increased slightly. This actiJity‘incréased-Aramatigally while
defending the "black-fry" (Figure 3.2).

The period wheﬁ the male defended the cloud of swimmingd
nblack-fry" was tﬂe most demanding in terms of.parental care.  Rock .
bass (A. rﬁpestris » pumpkinseed (L;_gibboéus) and yeliow perch ‘
(P.~flavescens) were predators that continually prowled nearby. These
fish sugcessfully captured "black-fry" from the periphery of the cloud
when‘the guarding male was absent or distracted. Consequently the

male smallmouth was almost continually displaying warnings and:

charging. The rushes from one end of the cloud of "black-fry" to the

othe? to drive off predatdrs greatly increased the radius of the ma}e's
- .; ) activity from the original nest.
Tilting ;ﬁd_tail beats were observed during the parental care
phase. Both behaviours occurred during the‘periga ;f egg deyglobment.

\
\

Tail beats were also seen when larvae were in the.nests.

. .-




Figure 3.2

[y

Changes in the-fféquency of charges
"b§ a male towards predators at

dgiffegqﬁt stages of offspring

"
~

= 7qevelopment. Charging frequency was
" recorded duriﬁg 15 minute sampling
periods. Vertical bars indicate +1

standard error.
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3.4 Discussion . . . B - : ..

The existing description of reproductive behaviour in smallmouth

-~

bass was considered incomplete and imprecise for two reasons. First,
there was a lack of description of appropriate. discrete behavioural

‘ . . Lo . )
‘ﬁfts as suggested by Altmapn (1974). For example I refined the general
: > )

ability of a nesting male to '"chase away othér smallmouth" (Reighard

®

1905; Hubbs and Bailey 1938) into’ reliable, descriptive behavioural

units. The alert display and charge behaviours were consistent in form

and effectively removed intruding smallmouth from a resident male's

territory. .
. »

The’ selection of appropriate units of behavioural description

greatly facilitates understanding an animal's behaviour.. The

combination of erect fims -and specific body  markings. of the alert display
is the initial signal of a territorial male to a nearby fish. When the
alert display does not effect withdrawal of an intruder or predator{vthe
more aggressive charge is performed: In_rare instances the charge ends
when the male smallmouth butts the unwelcome fish with its mouth.” These
-r:?ined descriptions also demonstrate the.economy of behavioural

o ganization; The . least eneréetically expensive behavionr that

pmmonly achieves the objective is used initially Gag the alert display

: erally wards off territorial intruders)

The.second oeakness-in the available descriptions of smallmouth
behaviour uas causged by'the'failure'to use current underwater'
anethodology in a thorough study of reproductiveAbehaviour. ‘Schneider's
(197l) underwater descriptions were based on, observations of a single

-

spawning pair. Allan and Romero's (1975) study of spawning and survival



- IN .. ) 3.6

. . .o . »

P -; .in the related largemouth bass (M. salmoides).indicated the effective-
ness of the SCUBA approach.
J Schneidgr'(197l) described 'false spawning' periods before and
following actual spawning. He interpreted this as individual variationm

in the spawning sequence. My observations indicated th?f bouts’ of
quivering without egg release both before and after quivering with egg

: release were normal stages in the sequence of spawning behaviours. It
potentially provided a mechanism whereby a femalé could interact with a
typically aggressive male to evaluate the quality of both the fish and

his nest, without beiﬁg committed to waste gametes on an unsatisfactory

-

@ating.

This research revealed some new behaviours that'were not in the

s . «

litgrature. The crossover béhaviour was observgd'in all spawning pairs

- -
-

in Lbng Point Bay. A. Emery (personal communication) also observed and
filmed crossover behaviour in a population of smallmouth at Algonquin

Park in northeastérn Ontario. This behaviour was important in .

synchfbnizing the behaviours df.the male and female baSsvaﬁd

presumably assured maximum feigili@g;ion.' Male aggression disappeared
. T r * )

——

- -

at this stage.

_——

-

-The tall beat was another previoqsly'undesgriﬁed behaviour., It

clearly.functioned as a threat or warning to a large intruder. I did - -

~

not ascertain whether the prime mechanism of communication usiné fhis."

S

behgviour occurred ;hrbugh tactile’ contact (ite. the force of the taif
- on the intruder).or through the low frequency sound produced during u
the tail beat. -

: Parental gﬁarding'was partitioned into fanning, ﬁafiolling and

defending because each béﬁaviou; vas different and appeared most

s ‘. *

v
'

-
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-

appropriate for protecting the offspring the males were guarding at that.
. ' ' ° ) 4
time. :
The spawning observations provided some insight on the mating

-

system of smallmouth bass, The larger size of the female in most
spawning pairs was notabie.‘ A system of female choice was 1hitially
suspected since females visit males' territories. It was expecté& that
a female would mate with the largest possible male (Williams 1975; =
férrone l9i8).. There were three plausible eéﬁlanations for this
apparent deviation from thg eipecfed,pattern. |
| First, the heavy recreational fishery for smallmouth bass

overlapped with the breeding season. éossibly the highly vulnerable
territorial males were cauéht and these smaller nesters were simply the
" largest of the available males. , ' -

Another explanation‘considered the aggre@sife nature of the
térri;orial males. The high densigi;s,of predatory fish ih this Bay
stimulated the "super-normal" aggressiveness of nestiﬁg males. The
aggreésion-that females encountered was sufficient to deter them from
remaining with males larger than themselves. The reactions éfﬂsmaller
males were potentially less physically damaging.

Tbe4;hird a}Cernativé was that the male-female size relationships
reflecged some degree of male choice in selecfing a mate. Since
4fecundity was d;rectly_related to size in fish (Loisellg 1982&,

spawning with a larger female meant potentiall& higher-numbefs of

offspring;

Currenf”theory (Baylis”1981) claimed that a male should accept

eggs from any female because-the cost -of sperm was much less than the




-

.

coét of eggs and the boten;ial increase in fitness (offspring numbers)
shéuld not be refusgd. The evidence of male multiple spawning supported
tﬁis argument. Hoﬁever, more important wés'Loiselle and Barlow's (1978)
consideration that where select;onvfavoure& active péternal care a male
can accept eggs for qnly a brief‘pergod in order to coordinate his care
‘with the needs qf the brood. The omnipres;ﬁce of predators ip Long
Point Bay dictated the need to synchronize offspri;g develq%ment so as
-

to ensure the maximum efficiency of paternal care at any stage.: .
' ' -

Consequently the male'é opportunity to garner eggs was temporally ,
’rgftr;pted.

| Thus the best male strategy was to mate first with a large ..
female and obtain a.relatively large clutch of eggs. If no additional
fegale; were gvgilable in the next 24 to 36 ﬂours a male has ;t least .
maximized his‘one spawning Qpportunity a&d could proceed to subsequent
stages ofﬁparenﬁal care. The spawning contribution of.any smaller
female'within the appropriate time following the first large female
rep¥ésented‘a bonus in‘offspring numbers.

By confrast a male that first acceptgd a small feqale obtgined

a relatively‘small clutch. The ab;ence of additiénai spéwning, within
’the restrigfed period priéf to the onseg”of other pa;eﬁtal behaviours,
resulted in felativelf‘loﬁ of fspring nu@bers f;r tﬁat breeding cycle.

The generally high level of predation on smallmouth nests in

Long Point Bay was evident. Yellow perch (P., flavescens) completely

destroyed several 'nestg, each containiﬁg approximately 1500-2000
_"black-fry", within 4 minutes of removal of -the nesting males. I

observed a hierarchy by which the more common .fish in the bay were

~
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-chased;during the parental care period. Yellow perch were always chased
fgoﬁ a smallmouth nest while rock bass (A. rugesfris):weré chgsed most-
of the time. Qéher:smallmoyth bass were occasionally'chaéed. Presumably
this hierarchy reflected a decreasing degree of Hazgrd of}thése'fish as
predators.

I interpreted qpe increasing frequency of charge;.by the neéging
male (Figure 3.2) as the offspring developed as a response to increased‘
predator effort over time. Thiélwas.due to the larger size of the
offspring, which enhanced their profitability as prey items (ﬁreﬁs'1978).
The increased movement of “blacﬁ-fry" above the nest also increased their
visibiiity. Aftér the juvenile schooling period the éurviving’fry moved
closér to the surrounding vegetation and became ;ess oSvious.

My research required that nd'disruptio;s of the nesting male'wergA
caused by the SCUBA methods used. M; observations indicated that divers
.moving slowly and working quietly near a nest did not significantly
disturb the normal acfivitieg'pf a nesting male or scare away

spawning females.

-
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CHAPTER 4 - REPRODUCTIVE SUCCESS - ' ’.

4.1 Introduction . . . y

a .y

. .

Sexual reproduction produces vafiable offspring from two

v

individ;éls which asgureé the continued representation'of thei; genes -
in a fluctuating envirbnment (Williams 1975)." The‘effectiveness ;f an‘
individual's sexual reproduction is measured by.its 'indiyidual
fitness' or how well it produces descendents in comﬁ§¥;son with'other
individuals in the population. - Reproductive success, as an
operational estimator of fitness, is studied in a population of
smallmouth bass nesting in Long Point Bay.

The condition; at any nest are determined by differences in
biological characteristics of the breeding fish, time in the season
and particular habitat features. Any combination of factors may
influence'smallmouth reproductive sﬁcqess. Several of thése factors
have been.reported. Teaperature (Bennett 1965; Christie and Regier
1973), substrate (Bennett and Childers 1957),, pH and'dissolved oxygen
(Tester 1930), turbidity (Robbins and MacCrimmon 19745, céver (Vogele
and Rainwater 1975) and current (Winemiller and Taylor 1982) are all
implicated as influences on successful reproduction in smallméuth bass.
‘The present research examines Eertain physical and biological factors
in the énvironment of nesting smallﬁouth. Thg#e are used to'exélain
some of the observed variation in reproductive success in’the
population; | N
Two ﬁoints were important in this agproacﬁ to studying

reproduetive success. First, the xesearch was conducted on that subset

of male smallmouth basse that successfully spawned and reared offspring

40
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to the "black-fry" stage. These fish were terriibrial, parental, and

accessiblelfor résearch in comparison with unsuccessful males which
' * [ - ) * . .‘.~"

leff thei;\he§ts before’the_you;g became "black-fry".

Secondly, reproductive success was an estimate of 'relative'

L e av,

repidﬂhcfive success, ﬁegsured'at the uesf while the male was stiii
'with his effsprings This distinction was important‘as reproductive
sugcess‘couldralso be measured in other ways, e.g. the_number of
fertilized eggs (Clady 1975; Neves 1975) or the number of fry that

survived the first winter (Fry and Watt 1955). Both of these N

measures were technically:difficult to obtain. However, the measure I
used was taken at the end of the * first critical stage_of reproduction

(Hjort 1926). Hjort stated that extrinsic influences during this stage

& @ - P

may have a disprbportionate effect on a fish's annual reproductive

' output. In fact Eipper (1975) considered early mortality in dmallmouth

¥

as the major determinant of annual reproducé!bn.

v . "

A major advantage in using "blacﬁ-fry" to depermine smalkmouth -
reproductive success was that this distinctive stage provided a fixed
4

reference point in a continuous sequence of déveloﬁment. At this point

the male has been with the offgpring between 4 and 10 days, depending

41

on water temperature which determined the development rate of‘offspriug.'

His ability to accumulate eggs aud provide protection forrthem was

tested during this period.- o g , A .

)
Several steps were required in evaluatjng reproductive success in

smallmouth bass. The first involved selecting a set of predictor

variables that reflected the conditions of the nesting environment in
Long Point Bay. The ultimate objective of the analysis was to determine

v -
«
-

-
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~ the relationship between réproductivé"succegé and the factors that
. v » - .o ' . i
influenced it. In order to assure valid results the relationships

- !

.- among the ﬁredictor variables were first explored. These ahalyses

~

2~

resolved.sevéra} initial questions with the data inktluding: which

'E%edicfor variables bontained»mbst variation in the nesfingken;ironment; - .
Qére the predictor variables independent; did the 1n£1uences change over‘

T fhe years the data were sampled; %n&;if there were annual difference;

N a
s . N - e

)

~ s o .
in the data, how could they be explained?

- . - o
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4.2 Methods - ) . : ) .

During the 1981.§eason a . set of variables was selected to stﬁdy

reproductive success and various field techniques were evaluated.

Iheée methods were -used during the 1982 and 1983‘fie1d‘seasgns to

IS

Ad '
collect the data. e e

* <

. #4.2.1 Field method’ C. - N
A P . )

The work was done from a 5.5 m boat, using SCUBA. The‘study
sites w;re searched regplarly and active nests wefe'markéd as descgibgd
in Chapter 3, Marked nests were-reﬁisited.periodicglly to determine
their‘progress. Smallmouth offsp;ing were co;;;cted within 24 hours

of transforming from larvae to "black-fry". This stage was
char;cterizéd by incéreased dark.pigment in the young.and theif‘kise
from the substra;g:to swim in the water column (qubs and Bailey 1938).
A low pressure suction dredge (Appendlx 2) run from a SCUBA,tank was

used to collect the "black-fry". Thesé were preserved in 10% formalin

and labelled. e

e -

= In 1982 the nest-guarding males were collected when the

"bléck-fry" were'tagen; using a hand ;pear‘or leng handled fishing net,
and were measured immediatdly inlthe boat. In 1983 the males were
caught aliQe with a hand net and measured underwater with a metal

S ruler when the “black-fry“ were Eéllected. Scales were taken and the ]

fish were individually marked.wtth a unique. combination of_.3 and/of 6

mm diameter holes punched in‘Fheir fins with single hole paper

puﬁc&es. These fish were.then released. | The normal behaviour and

' healing of the punctures in fish that redésted indicated: the method

A}

L 5

’

| |
, ‘ 1,_
3 S
| o

43



did not damage the fish. ,

Measurements of the nest wer€ also taken when the offspring

I‘l

were golle?tgd. Underwater notes were.recorded on a scorgd'plasfic
slate. . . \

General'hgkitat measurements on sediment and vegetatién were
taken.in each study site at two week intervals through both nesting
seasons. Three 100 ml substrate samples were randomly samplednin.a
rigid cylinder (3.6 x 10 cy), bagged ;nd taken to. the lab. The modal

vegeiatioﬁ height andiportion of substrate covered by vegetétion were

measured and recorded on 25 random tosses of a 0.5 m square guadrat.

-
. v

Thé portion of covered substrate was recorded as an-integer 0,1,2,3,4 -

represenéing the absence of vegetafion or increments of approximately

AN

Y portions of the quadrat. The data were used to construct curves of

gedsonal changes in these variables.

Water temperature was recorded daily at mid-day at . a fixed

station. Temperatures were recorded 15 cm below the surface with a
. ) )

hand held mercury thermometer. Water tempefature at the nests never
&

varied morQ'than 1.5°C from that at the fixed station. The

temperatures at the fixed station were used as a standard for all

spawning since these data were most complete. The depths of the nests

‘

below the water surface were measured on days when the water in Long

Point Bay was at a constant level on a graduated water depth meter.

l. .

4.2,2 Labora;or& methods

.{ ~ The preserved "black-fry" from each nest were rinsed and evenly
distributed over a 1 mm mesh circular sieve (20 cm diameter) using

4
]
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flotation. A cardbéard overlay with a'}OZ sector cut out was randohly
dropped in the sieve to subsample the fry. These were removed,
re-distributeq on another sieve and couhged. Five of these ‘subsamples
" were taken from the original distributi;ﬁ a@d the total nuﬁber of
"black—fry"‘;as calculated. This value repreéénted the réproduptive
succe;s-of‘that nest. - ' ‘ -

| SeQeréi scales were taken from two places on each male. Oﬂe
was immediately posterior to theNpoint of the operculum and the other
was on the dorsal body wall mid-way between the épercular pdint and
the origin of the spiny &orégl fin. Impressioﬁs of 6-8 scales were
made on acetate slides for each fish. Eniarged microprojector images
of annular rings we?e counted to determine a fish's age (Bagenal and
Tesgh 1978). The technique was validated by comparing ‘ages oﬁ
duplicate scales ageé by Ontario Ministry of Natural Resources
' personnel at Wheatley, Ontario., Ninéty-one percent concurreéce on the
first reading was realized. )

The‘sédimen; qéres‘were ovenTQried in epamel péﬁs overnight'and

wéighed.‘ The deAsity of the sedimeﬁts in eéchfstudy area was _ .

¢alectilated and seasonal curves were drawn.

- Wind records for iong“Point were obtained fram the Atmospheric

[
-

Environment Service of Environment Canada. Anemograph chart records
. - ' * )
summarized to hourly wind force and direction were used. The hours of
wind over the nest in excess of Beaufort force 4 (Kraus 1974) were
* . P

totalled for each nest. This was done for the period pf offspring

résidency. (Estimates of this residency.period Qere'based_on

-

regress' of known durations between spawning and "black-fry"

collection for 21 and 41 nests in 1982 and 1983 respectively.)

» ..




4.2.3 The variables

s
The set of physical and biologicdal Qériab;es used to stud§ the
" reproductive success of smallmouth bass are briefly described in
Table 4.1. Some additional detail is required. Date was an
indication of the time during the s;awﬂing season when the nest was
successful. May 15 was used as the first possible day of smallmouth
spawning in Long Poiht Bay to assure thaf the field seagon predated
the initial spawning a;tivity. The selection of windy hours in excess
of ;eaufort force 4 ;aé based on observations of mechanica; disruption
and dispérsiop of eggs and larvae in nests at these forces. Wind
bloéing.from the direction of the closest shorelin; ;as n;: associgted
with these effects. Consequently wind recorded from three open waéer
quadrants (i.e..270 degrees) provided the best measﬁre of wind. . These
effectsfyere observed in nests at depths from 1.3 to 2.0 m. Water
teﬁperature and the biological Qariables of fork length and age were
as described in Table 4.1. ' o

Most smallmouth mests approximated'a circular ghaﬁé. Two
measurements of a nest's diameter were.averéged when thé "black-fry"
were collected. The material in the bottom of the nest ranged from
silt, to sand aﬁd broken shelis, to stems of short Chara. Each nest
.waé assigned a category from 1 to 3.. These were ordgred to reflecf
the increasing coraseness of - the bottom'of the nest. ' Nests with.

Chara contained the most interstitial spaces where offspring could

reside undetected. Offspring in hests.on silt were most- eXposed,

» 1 4
The modal height of Chara adjacent to each nest and the
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vegetation cover adjacent to each nest were measured using a 25 cm
- ]

square quadrat. This was placed on fbur-sidg§;1§butt;@g the edges of

the nest. A mean Chara height and vegetation‘covég_wefé.calculated

for each nest on the day the "black-fry" were tolletted. . °
Tt a . . .

The general habitat measurement of Chara height, vegetation

cover and sediment density were not taken in relation to any‘sﬁECific N

nest. -However they were restricted to the study site where the nest

was located. Their value on the date of "black-fry" collection was

used for each nest..

4.2.4 The analysis - - .

I used mulpiﬁié‘fégféssién analysis (Smedecor and Cochran 1980)

to determine the ipflqgnce of several independent prediétor variables -

on the single response variable, reproductive success. A major

problem hifh ﬁsing envgrénmental variables was'multicollinearify,

&

where some o£ all o{ the 'indepeé?éﬁi' variables/were intercorrelated.
“This arose either fi;m causal relationships.béi;éen vgriableé“or'ffom T
simila; responses to another'unmeaéured factof_(Green 1979). " To

. ensure the Qali@ity‘of the anélytical results several statistical

procedures wére used. The purpose was twofold;ito obtain a reduced

e

subset'éf‘orthogonal predictor variables, and to evaluate the effect

of studyingﬁreproductive success over two spawning seasons. A flow

chart of the analyses used is in Figure 4.18

_The raw data were inspected using the MINITAB package (Ryan

et al. 1976). Thg data were transformed to évoid violations of the

heterogeneity of variance assumptions (Elliott 1977). The log, .

L)




Figure 4.1 . ~'Flow diagram of analysis 'sequence used
. h RS,

) -to determine influence of Eiologiéal and

—

physical factors oh reproductive success.

- 4

".The procedureé ﬁere'done'op_the assoclated

. data matrices.

-

-

(*P.C.A. - prin&ipal components analysis. -

R **MANOVA - multivariate analysis of variance.
***D:F;A.—discriﬁinant function analysis.) .

- -

> - -
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 transformation was used to remove dependence of the variance on the

mean for most variables. A square root, transformation was.applied to

nest diameter to improve normality. The value for nest material

remained untransformed because it was not a continuous variable and

the variance was low.

t
- .

Principal components anélysisiwas used to converf the data to a
set of new uncorrelated variables (Marfiott 1974; Pimentel 1979; Géeen
1979). Because the new set of variables defined were then a;ranged in
decreasing order of total variance contained, a reduced subset of
variables was selected which accounted for most of Fhe variability in
the original data set. The components- were exFracted from a variance-
covariance dispersion matrix using the MINITAB package. The effectaof
this analysis was to create a varigble-by-PC matrix where each
component was a linear additivé function of the o;iginal’variables.

The_relative importance of the original variables to the new
component variables was interpreted in two ways. The eigenvec;or
(loading coefficient) repreéentéd the amount of variation in the
original variabie accounted for by the gomponeht. High eigen&ector

N

loadings of specific original variables were used to characterize the

~componént. Additionally, structure coefficients (Sprulés 1977; Chang

1981) were calculated. These were product-moment correlation
coefficients between the original variables and the principal
components. They showed the'relativé ;mﬁortanze of the original

variables to the principal components. Structure coefficieﬁts were

calculated by:

a, 13/31

1)

[y



where aij was ‘the eigenvector, 15 was the eigenvalue of the component®

' and §; was ‘the standard deviation of variable x1 Essehtially the

<

Astandard deviation was used: to correct the weighting of a variable on

I

s - e
CE 4

each compogent%

Principal component scores were used as _the data in~subsequent'

analyses. These scores were\caiculated~by multiplying the eigenvector

Q <
- . :

matrix with theadeviations-squared-cross-products matrix. Befote

proceeding with pooled 1982 and 1983 PC scores, annual differences in
the new PC variables were tested using a multivariate analysis of
variance on the partitioned scores. The MANOVA procedure in the ~
Statistical Package for the Social Sciences (S.P. S.S. ) (Hull and Nie
1981) was used. The significant°annual variation found was_examined
further with discriminant function analysis (Marriott 1974; Klecka
1975; Pimentel and Frey 1978). This analysis determined how to best-

explain the differences between groups (years) based on the data

<
1

(PC scores) from the new independent variables.

Y

The final analysis was the multiple regression of reproductive.

=

‘guccess ("blackrfry" counts) with the orthogonal predictor variables

using the S.P.S.S. package (Kim and Kohout 1975). Essenfially a

linear.model was conmstructed ideng}ﬁying the independent variables
that provided:.the best possible prediction of the ob;erved values of
ré@productive success. This proceeded cn two subsets’of the
independent variables:. one.comprised of the variabies that‘contained'

an annual effect and one where annual effects were weak or absent.

These results were then synthesized into ‘the best explanation of

reproductive success in smallmouth bass.

52
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4.3 Results

. . ' -

The number of smallmouth nests located in 1982 and 1983 with
eggs or larvae and the proportion which sué&gssfully reached the
"black-fry" stage are in Table 4.2. These success rates were compared
< ' . '

using a test of equality of two percentages (Sokal and Rholf 1969)-.

The testﬁstatistic:

ts = arcsin, /pl —‘&Eésin A ,—pz .

T 1
. 820.8 ( — + — ) ‘
nln nz .

r
°

é!bb a critiéal 't' of 8.52 which indicated a significant difference - .
(p <.001) in the proportion of successful nests‘b;twee; years. )
"Black-fry" were counted ?rom 44 nests in 1982 and 74 nests in
1983. Data on'all the predictor variables were available for 35 and
63 nests iﬁ the respective years., Only the complete samples were
- used in all agalyses of reproductive success. h
The average number of "black*fry" per nest in the two years
was 640 and 1740. A one way analysis of variance indicated
significantly more offsﬁring (p <.001) per male smallmouth in 1983.
The &istribution of individual fry counts (reproductive sdccess) is
presented in Figure 4.2, '
A summary of the means and variances for the original predictor ’ ’
variables used in the principal components analysis is in Table 4.3. .

Frequency distributions of theseé data are provided in Appendix 1. A-

reduced subset of 5 independent predictor variables (PC compoments)
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Figure 4.2 Distribution of the numbers of o L )
i ‘ "black-fry" collected in individual
' . smallmouth nests in 1982 and 1983 .
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wds selected from the originmal 13 biological and physical variables.

These 5 accounted for 95.7 percent of the original wariance. The
: results of the principal compone;ts analysis are in Table 4.4
The corresponding struczur; coéfficients_oq the first -five
components are in Table 4;5. The coefficient representations of a
few original variablgs with low standard deviations were enhanced.
For example, the importance of water temperature on the first component

was increased. Similarly fork length becamé important on the fifth

component. Those variables where importance increased most whew

strugture coefficients were used, igfleeted natural correlations with
. the variables that had the highest coefficients (by both methods). The

» use of these two methods assisted in interpreting the major

chardcteristic of .the new orthqunal_variables. The qualitative

descriptions of these prinéipal component variables are in Table 4.6.

a

<

" The muitivariate analysis of -variance (MANOVA) to test annual

differences in the 5 component variables calculated a Wilks lambda of

.17574. This test statistic indicated significant annual differences‘

[

(p <.001).
The mgitivariaze assessment of how the 5 variables differed

was provided by the’discriﬁipant'function analysis, (direct method).

. " The analysis produced one significant discriminant fuﬁctign axis
(p <.001) between the groups (years). Box's "M" test indicated

. , differences in the group covariance matrices!.ﬁut this assumption is

5

frequently violated inJthis analysis. Ninety-eight percent of the

! B cases were correctly classified by group along the discriminant axis. : .

L)

.. ‘ : The standardized discriminant function coefficients in Table’. N

4,7 indicate which variables contributed most to the discriminatiom-

<

4
*
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Table 4.4 -Matrix of eilgenvector loadings and pexrcent of

&arianée explained by first five principal compone
. [ i

N
S
. (j\\ , , PRINCIPAL COMPONENTS
VARIABLE 1 2 3 4 5 ]
Date . -.09 .03 .08  -.25  -\62
Fork length ‘ .01 .01 -.02 .05 .11
T Age - .05 04 -.07 .16 47
Nest di:ameter .. ) .28 .90 -.32 .02 ~.05
Nest. material . =17 -.27 -.92 —’.21 ‘-.07
- Sediment density ' -.02 . -04 :.11. ~a 37 -.08
. Chara ht. - nest .03 -.06  -.04 ; 37 -2
Végetation cover - nest -.03 -.09 } -.ll: .59 >.15
Water depth . o o1 ! T-.oz .05 -.06
‘ ~ Watér temperature ' -.06 :.01 .02 -.05 -.04
Chara ht. - bkgd. - _.01T 01 ! .38 -.53
Vegetation 'cove.r-.- bkgd. -.05 .v -.02 -.14 .30 -.11‘ "
.7 Windy hours l © .93 -.32 .63 -.03  -.1I
- VARIANCE 0 T s s 09

(eigenvalue)

" % VARZANCE . s8.7 15.6 14.0 5.2 2.0°
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-
«

“  Table 4.5 Structure (correlation) coefficients DBétween the

~ <

original variables and the first flve p;fhcipél

components. i
N \
. | PRINCIPAL COMPONENTS
. VARIABLE 1 -2 3 4 .
- ‘ S o
;‘ Date -148 .08 °~ .20 -.3% -.60
N " Fork length T 29 .12 -.220 0 .33 -..50
. age R 20 =21 .29 .51 _
.7 -Nest diameter " .50 .82 -.28 oL -.02
Nest material ... 234 -.28 -.89 -.12  -.02
 Sediment 'densic; T AR URNE N V) .66 -.09 -
..Asgéfé_ht.'-'nest‘ L ‘ =17 -.12 0 -.12 .63 -,22
Vegetatién covetr - nest ' -.12 -.él -.33 .80 .13
. Water depth - 27 d6 -.23 41 -l
) Water temperature : .71 .06 - . .1L -.17 -.08 ]
3 Chara ht. - bkgd. ~09 - .06 Z.02 .68 -.58
‘P Vegetation t;ver - bkegd. -.38 ~.07 —.05' .68 -.16

Windy hours. . .99  -.18 -.03 ..01L' -.02.
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between years. The large value of the coefficient for the physical ‘—‘\;\JESJ’
. . R . '

‘environmental variable, i.e. wind, indicatee the strong ennuel
influence of this component. The coefficient for the fifth component
variable suggestgd somesannual differences'in this minor axis. The .
low standafdize&‘%oéfficiént values on the remaining components

indicated they did not coqtribute.differences between years. This ..

terpretation was supported by the .associated univaniaée F tests,

ere significant annual differences on‘PCI (p <.001) anq;PCS (p = .02)

-

were found. . 7
Analysis of the influence of the predictor variablés on

reproductive success proceeded in two parts. The subset of component

variables for nest size, nest material and vegetation—sediﬁent‘
. H . . "
comprised one homogeneous (between yeafs)-group'of predictors.
¢ . . . . - .
Results of the multiple regression of "black-fry" with these variables

o Ed *

are in Table 4.8. The eecopd subset.bgﬁcomponent variables included’ °

the physical environment and mdle size-time components. Results.of X

the multiple regression of "black-fry" with these variables are in

LY

Table 4.9.

Significant multiple regressions were obtained with both

subsets xpredictor variables. The wind or physical environmental
e

influence dccounted for the greatee; proportion of variation in

- - * ‘ . 9.
reproductive success. Its F value was Significant (p.<.001). The

simple'cérrelation,of this variable with reproductive success was

.-

negative. o . e -

Among the remaining variables nest material also had a

L4 -
significant influence on the number of fry\}n a nest (p = .016). This

siﬁple correlati;n also had a negative sign.

.o "
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~ The total vdriancé_in'reproductive‘success that was. explained
by -both multiple regressions was additive because the independent
~ predictors wére orthogonal. ?ogether the physiEal and biological

- : variables studied accounted for 29.8% of the variation in the numbers
- & [N 2 e St R

of "black;fry" in.smallﬁbgth\bags nests. - .




-

4.4 Discussion
ERY

- b

The numbers of "black-fry™ that smallmouth bass produced were
4 S e -
influenced by aspects of their environment, The total number of
&indy hours greater than Beaufort force 4, blowing over the nest

N -
during offsprjing development, had the largest influence of the

<,

N \
, variables measured. .This was a negative relationship with fewer fry

~
~.

-produced from nests subject fo more windy hours. °"The detrimental
.éﬁfeet of wind was médiated through the associaged water movements
(Wetzed 1975): At the water depghs wherernests in this study were
found (1.3 - 2.1 ms, the effect of water movement should have been
"homogeneously distributed following a short period of wind induced
mixing (Prof. R. Boddour pers. comm.; Kit.et al. 1986), "Real gffegts
on the nest were observed in the field on windy days. I observed fhaé
eggs and larvae in nests at 1.3, 1.5 and 2.0 m, were bounced in the

bottbm of the nest and distributed outside the boundary of the nest.

The presence of undeveloped eggs in these nests on subseqﬁgnt visits

. suggested this mechanical action damaged eggs. The:wind-induced

1)

dispersal of offspring made them harder to- defend by théimale and

s -
4

therefore more available to predators. - NS
The quantitative evaluation of the‘influencé'of wind on nesting
centrarchids agreed with qualitative descriptions of its effect.

Eipper (1975) speculated that year-ciass fluctuations in smalimouth

bass might be sometimes caused by winds which are ffgquently correlated

-,

with Sglnumgggrage temperatureg. Kgamer and Smith (1962) £;§§2:2Eg~

that high winds and low temperqtﬁfeg were the first and second most

important céuseg,,respectively, of mortality to largemouth bass during



T e

the embryo-prolarval period. Miller and Kramer (1971) and Summertelt

“

(1975) also obser;ed‘a relationship between high spawning success and
stable weather in largemouth.

The material in the bottom of the smallmouth neet also
influenced reprodnctive success. However, the negative éign oﬁythe )

simple correlation coefficient of "black—fry with PC3 scores,

<

indicated an inverse relationship which was opposite to that predicted.

Category 3 of nest material was short Chara. On this coarsest of the

" nest substrates, eggs and larvae were most difficult for the L

-
)

observer to 'see, and,therefore it'wasfconsidered to' be mpst effective |

7

in hiding offspring from predators. By comparison category 1 was open
silt and clay. on which the\offspring were clearly most exposed. Three
explanations for this relationship were available. First, offspring '

in the Chara were significantly harder to find and there was greater

°  error in-dredging up all the "black-fry . Secondly, female smallmouth

-

may have contributed fewer eggs to ‘a male  in Chara as opposed to malesl

with more clearly demarcated nests pn bare -clay. The third and most

RN probablp'explanation was that the settlement of suspended 'silt on ‘to.

the eggs and larvae in the protected Chara was Iessﬂreadiiy remgved by
. .parental fanning or water action. Paradoxically silg on‘QEESe eggs

and larvde may havé suffocated more offspring than silt which settled

L4

into nests with bare Bottoms. ' . o ﬂ .

. The-total proportion of the variance in reproductive guccess
& ,"‘

. explained in this study (29 8%) initially appeared low. Two points
need to be considered in. this regard. ) s
In other studies where teproductive success of fishes has been

- analyzed using multiple regression,‘higher proportions of the

v . »

88

‘.
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-i,e. egg count;’clutches of eggs or number of spawnings respectively.
&, . g ‘ ’

3

>

variation (rz) were explained. Grant and Colgan (1982) explained 59% -

. : 5
of the variation in the number of eggs & johnny darter, Etheostoma

i
e 3 ~

-nigrum, obtained in a single nest. Schmale (1981) studied -the number

of clutches of eggs the bicoler damselfish, Eupomacentrus partitus,
. . - . ‘

v

':atttaéted.and was able -to dccount for 45% of the variance. Kodrick-=""

9

> ‘ .
Brown (1983) indexed reproductive success as the number of females

-

mated by each male pupfish, Cyprinodon pecosensis. She accounted for

. 65% of the variation in reproductive succe#ss. . In all these

’ - »

comparisons the r2 explained'waé reportéh for predictor variables

.

}:having significant F values in the multiple regression. These

S,

regression analyses of reproductive success:-have used various pfedicfor

-

o N - . )
variables relewvant to the particulay species studied. However, there

was one major difference between these three studies and my own. Their

a

L N - '
reproductive success parameters were some measure of the maximum

o “ -

number of reproductive units obtained immediately following spawning,

¢

My evaluation of reproductive success was based on sampling of

. "black-fry" following the periods of egg and larval development. It

&
- was a more meaningful measure of how effecgively a male contributed

" o

offspring to the next genérﬁtion. It refiecteq in oart-his behavioural

quality in protectfng’his offspring. It also reflected some of. the

chance environmental influences that.affect early survival.

*

Consequently the r2 of 29.8% was not as much an 1n§1e§tion that the
anakihis'diq,not effectiveiy achieve its objective as it was a

refldction of the stage of development at ..ﬂ.ch repr‘oduc'tive success

.
’

was evaluated. - . . : : .

a

N 3

'e

Ty , One wegkhess of these cited studies on reproductive success was
. . - ” -
‘ v . . : T

. S @ : ‘ - .
- . ~ L]
- [ . . . . - L .
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 sthat they did not ‘Specifically assure ‘the independ;‘nce of their
N - o

=

_ ,'predictor variables. The reported. rz‘s may ‘be/gémewhat artif#ally :

inflated due‘ to ‘pa'rtial correlation of two or more significant

_ . : L ) .-
E pregictors. o e - . ' AL B

PL I
o

Altei'nativeljr, my-study may not have included a variable that
L. . * - ~ .

was imfortant to reproductive sulcess. One potentially important

»

’

hinfluence “that Jras,?not cfpahtified. and entered in the analysis was

~
a

. oo ., * . .
predation. Populatiols of rock ‘bass, A. rupestris, and yellow perch,
- . P2 e B

‘P flavescins, were aﬁundant in the study area and t};qreughout the Bay

»“%.  (Whillans 1979). Predation of ‘rock Bass on smallmouth fry near nests

a

. was frequently 6bs:eryed. Schools of yellow perch occasionally‘ fed in

_the vegetation rear nests.: ‘Both speciésewere chased from nests by N
- { ‘ ’ , - ., ' -~ 0~ s N

pereﬁtal male smallmouth. It.was not likely that the influence of -

- . . .
crfjg'c,me pther important physical envirq'mental; variable was completely

:q ‘omitted becduse of “the géneral mlticollin;eaéicy that exists between
s . o -
- Shysi,cél variables. - o . P
. There were practical applica:ions of study:l.ngo repxoductive ‘J‘ - .
'3 g . T .

. success in smallmouﬁh bass. Glearly there Were good- ‘and poor épéwning

. years. In a poor' spawning year, the “nurfber of nests successfully '

P ‘ producing fry was rerlativeiy 1ow. Higher mnnbera of offspring per : °

’ successful ne:t‘ were no; p‘rcgluced.xt:o ‘pensate. It would be wiée for
fish mar'lag~ers to re’stric:t httman disturbances of .. nestingi male sma'iln;outh,

. espd:ially in good spawning, yeers, in order to. quﬂ}ize re'u:l.tmept to X

e _ £

) the exploitable population., L. : , ‘_ - '}
- L It was established thet detemination of a,good gpmiﬂg!_year
. <.

gan’ be done reasonably efficiently using ex:[sting weather rgcords.

- .
' . - ‘ . Py
v a%

The vdltd:lty of this Approaoh was based on the demonsfrated 1mportanoe
A . S PR PR .,
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of the influence of wind

successful reproduction.
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. cHASTER 5 - RENESTING BY MALE SMALLMOUTH . S

5.1 Introduction _

’ within a meter of their previous nest {(Hunter 1963) The multiple

ltkely represénted renesting 5ffqrts by the same males in theseg

.
<

- *

The high risk. of reproductive failure in a.year is a'éerious

-

.consequence of nesting in an environment with periodic storms and

abundant predators ‘A male”’ should respond to'loss of his offspring in

a manner compatible with maximizing his 1ifetime reproductive success.
The alternatives include renesting that season or deferring the next

. ’ . ' '
reproductive effort pntil the following year. The best alternative

depends on how good'prospects'are‘for continued survival and future .

reproduction (Williams 1966; Stearns 1976; Gadgill-and_Bossert'l920§.

) [} ‘ « .
Several centrarchid gpecleg are capable of *renesting one or .

more times in § season. N

\
bass (A. rugestris) renested up\ to: five times in a stream. Gross and

L}

1 (19&0) reported 24 pe ent of lake spawning male rock bass

‘ renested and 33 percent of.these were successful. Colonial breeding’

green sunfisﬁ (Lepoqt; cyanellus) constructed a gseries of nests, most

*

sync‘hrondus’ spawning periods in bluegil-ls (L. macrochirus) and longear

sunfish (L. megalotis) observed by Domif%y (1981). and' Bietz (1980)

-

K . c * P ’ N . . Y .
species.. o : -

. .

'Re'nesting [in smellmoutn bass fo]!owingfnest 'fa'ilnr'e' has been
*q
reported (Surher‘19%3 Cleary- 1956; Henderson and Foater 1957), and’

renesting following successful reproductign also occurred (Pflieger

" 1966). EVidence from gome smdilmouth in Long Point Bay during 1982

N - . 'wa e e

tie (1982) observed that tagged male rock



b
‘ ‘ o
.
4

indicated at least some of the males suffering natural mortality of

theie broods renested in their .original territory. Two males

individually recognized by body scars, succesz'ully raised "blayk—fry"
on their second and.third nesting effprts respectively, These initial
observations suggested é 1_1est4‘ térritory' represented a valuable

resource, as a new male occasionally moved into an abandomed nest.

The role of renesting in a maté's annual reprbducfi\;e e&fort

was ‘experimentally studied in the'.'field_ in 1983. Segrches for - .,
indivi'dualiy marked smallmo(lth_‘ undertaking a renesting effort were

. . ) . -t - . .
c'onductét'l at all study locations. HNowever the objective was

. . S | .
primarily focused on understanging the effectiveness of a subsequent
4] ) _o 3 .c"' :(::-.;.' . .

. reproductive effort in the terrjtory used initiaily. ‘.- ‘.
’ KO . T

Several questions ifffevant to the objective were considered.’
Were there differences in the physical characteristics -of nests used

once compared to nests used twice? Did the number of "black-fry" on

- -

- the, first reproductive effort diff~er Ubétween, these two grbups ‘qf'nqéts?

How. did the number of "black-fry" on each Yeproductive effort compare:

for individual males that renested? What biological charactelxjis‘t'ics

Lt . o St
! -

distipnguished re'nesfing malesd . L ) K

. \ L,
' - &,

9 .'. . *
iy v - ' - ;
. v
* " .. N -
. 9

73
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S.i Methods . ‘ .

'Reproductive failure was simulated for 54 marked mare\srallmouth

in 1983 by removing their offspring as they reached the "blsck—fry

stage. Nesting maIe smallmouth were caught underwater with a hand net

" and were individually marked with a unique combination of 3 holesc(3 ™m

.
¢ - '

or 6 mm diameterb punched in the soft dorsal anal or caudal fins.

Observations of these fish did’ not indicate any changes in their

'behaviour after,marking. - .. - .
. Measuyrements of male bass,.reproductiyepsuccess and the nesting

environment were recorded as previous19 descfibed (Chapter 4y,

‘”lih order to study differences in the physical characteristics

L4

.of nests usgd only once and nests where maleg renested, the data were

- partitioned into ‘two groups. Male age and size were removed from

analysis of these nests and. considered separately.‘ Principal , e
componehts analysis was ‘used (see Chapter 4) to create new orthogonal

il
variables and provide a reduced subset of variables that contained

\ e .
. .

rmoat of the variance in the original data. Discriminant function
Janalysis on PC scores of the component variables was used to

a A Y

distinguisgh the two groups of nests. '. . ,

. -
- . -

The number of "blackdf ¥ raised on the first nestihg effort

«

might have influenced a,msle 8 decision to renest. I used a

non—pardhetric Mann—Whitney 'D' test, ‘to test for differences id

reproductive success on ghe first effort, between males that nested‘_

successfully only once and males that successfully renested. A
. ]

* e - .

-non-parametric approach—was chosen becauaewof relatively low sample |

N [ +

- numbers (N-IZ 42), unequal safple 'sizes and non-normal disttibutions

» ) ‘e




- . . | . ' .
of hoth groups. When the conditions of parametrié tests ake not.

fulfilled, a non-parametric test is usually more powerful tpéﬁ its

v ’

parametric equivalent (Elliott 1977).

The potential gain in reproductive success on the second effort
“p : . > B
may Jbe an important factor when opting to ¥enest. The numbers of
"black-fry" in both efforts were compared with a paired t-test for
”c *

~ the 10 males that produced "blagk-fry" on both efforts. -This.tesf

assumed that the differences between the first and second "black-fry"

counts were pormglly and independently distrifuted (Siegél 1956).

Finally, biological characteristics of renesting males were
studied." Age aﬁé size (fork length) of renesting males were compared
) - - R "

Qith"single‘nestegs using a Mann-Whitney  'U' test.

i . L]

s
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5.3 Results

. L 4

Twelve of the 54 marked male smallmouth renested in the same
territory a second time and 2 of these males renested a third time to
L .
successfully produce "black-fry . Forty-two nests were usgd only once.

Results of the principal components analysis of the -

measurements on all initial nests are presented in Table 5.1. Four

component variables contained 94% of the variation in the original 11

physical variablesﬂ . The major axis of variation in this analysis was

most ﬁeavily influenced by nest material. . Nest diameter and, number of

windy hours had the highest single eigenvector loadings on components .

.

2 and 3 respectively. The associated structure cqefficients are in

%

Table 5 2. :. C -
PC scores on the first 4 components were calculated for each

sample and used in the discriminant function analysis. -Nests (groups),

- .’ .

were coded for single neszifg (N=42) or renesting (N=12) . The

analysis produced one significant aiscriminant,function axis'(p-.OOZ)
'S £l ‘e
L4 . .
*between the two groups. The group covariances matrices were

equivalent (p=. 25) using‘pox s M test. Meeting.this assumption

T minimized concerns related to the sample sizes. Eighty-seven percent

of the cases were correctly classified by this procedure along the '

s

discriminant axis.

RS S

e The standardized discriminant function coeificients are in

76

Table 5 3. The component vaniable PC3 (the seasonal windy hours - water

temperature axisJ provided most discriminatioﬂ between ég%ups of nests.

L Y .
”The associated univariate F teats indicated significant differénces
'between groups (p-.OOl) for PC3. - j " e
$ " . E * . 0

- . '
L ] .
’ " “* l‘ ) . . R A ’- . - . - .
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Table 5.1 Edigenvector loadings on fir!t four principal

L ]

" components by the variables that characterize

-

the 54 nests.

3

e

—r—

Date Lo - . .11
Nest diameter ’ ;29
Nest material . o -.49

Sediment density ' - ! T AW

Chara ht, - nest- _ S ‘ -.14

v

Vegetation,cbver'- nest ¢ | . el *_ . -.13

Water depth

Water temperature . °

'

| _Chara htn ol bkgd-
————— .,

-
»

Vegetation‘cover'- ﬂksd.

Windy pours.

VARIANCE
(eigenvalue)

’

_ % VARIANCE




N

"*Fable 5.2 Structure (correlation) coefficients of,

.principal components with the original

variables that-characterize the 54 nests,

» .‘

PRINCIPAL COMPONENTS

" VARIABLE . T 2 3 4
Dats. . R ." -.18 . . .49 < .55 -.23
Nest diame;e?‘ . h ‘ .' 22 .9 '_ .27 .01
+Nest matefial L ' fl -.86" .~ -.26 -.41 | -.16 |
Sediment ;ensﬁiyi S -.48 -.10 -.15 .68°
Chara ht. - nest ) a9 ~03 =32 0 7 L2

R Vggéééti&ﬁ cover‘-:nest- S =4l -;17_ -.27 ‘ 24
Water depth . - "_ , 26 ~.08  -.28 .55
ﬁéterkpemper;ture g I 31 73 -.12
Chara he. - bkgd. S oS40 .08 T t-de < e

nggetatipn cover - bkgd; : ;,33 -.12° -.28 .6i
Windy hours 2, w1l -.69 ,02.
“ . ( . N . o .
. : o, ‘ o
v
.‘....,- * R . :
. T '
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The reproductive success of males on their first effort did not

differ between groups (Taple 5.4). This indicated a male's renesting

in the same spot was not dependent on the numb;r of offspring he

reared’to the‘?ﬂlack—fry“ stage on his first effort. However, <
renesting males were significantly older (p=.0007) and larger (p=.,0026)

than single nesters. |

Reproductive success for renesting males was as good the second

time as the first. A Fma test showed that the variamce in numbers of ]

X

"black-fry" of the 10 males sampled on both efforts was similar
‘(p »>.05). The paired t-test established that mean counts of "black-

fry' for these males on their first and second efforts (1961 vs. 1656)ﬁ
— '
were not significantly different (p=.73).

"Black—fgyw'were collected twice from only 10 of the 12

renesting males because 2 of these males were lost to anglers (as were

r

14 other hestingﬁmales). Evidence of angling mortality at some nests
N a . \
was "clear. On one occasion a boat with a creel of smallmouth was

«hased from a patch of surface floats marking nests and several males
that were nestin& tﬁg previous day were taken. ' Some of the other.'ﬁ
angled nests lost thé male before all the "black-fry" -had disappéared.

Losses'to anglers never occurred in single nests but in groups of two - .

’
.

or three as if'a boat fished a patch of marked nests. Storms were
- : :

neVer assoclated with males that were recorded as,angl{ng losses. An

-estimate of angling mortality on the nesting pogulac{oﬁ was-pfovided by

the "ahgling disappearance of 2 of the 12 marked renesting fish. Other -

‘' -]

males were angled and :glea?ed.ﬁetween my visits to the study sites as

- indicated by fresh hook marks in the mandibles. ' , .

-
’
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effort.

.environment axis of vartation. This variable reflected differences
A .

5.4 Discussion ' T,

The establishment and defense of a nesting territory is a form

of parental investment by the male (Baylis 1981; Ridley 1978).

Renesting representa additional reproductive cost in time (i.e. lost.
feeding time) and energy (i.e. nest.construction and defenae) (Bell
1980). 1t is logécal that a renesting male should take advantage of
his eapeﬁded investment by undertakiné h}s second effort in the same
territory. L s )

Observations suggested that this was the practice, although the

alternative of renesting elsewhére could not be rejected. Marked

Y

males, whose offspring were removed to simulate mortality were seen

)
renesting only in the territory they initially occupied They were

RN

never‘sighged during searches of nearby territories.

a»
a~

The data clearly showed that renesting males obtained a
reproductive advantage in that season by comparisonwith failed males

that did not renest. A renesting effort had~a high probability of

L)

succeéé, as all marked renesters producEd "blackaiy". The level of. .

k]

reproductive success did-not significantly dedrease on the second

]
-

-]

1 considered several points to explain:why only some,males

renested., The cha;aeteristics of the nesting environment on the:

initial effort were different for those males that responded to

removal of offspring by renesting and those that did not, . The

° B

differences between these two groups was most influenced by a physical

t ‘ .
1n‘nest1ng' te, water temperature and wind regime. Most




significantly, qpe mean water temperature in the bay was 23 C when:
mortality was simulated-at nests.used\only once. Sinee-the reported
B ° 13
. . _ .

water temperature range for smallmouth spawﬁing was 14 to 2l C (Miller

-

1975; Shuter et.él.‘l980) these éstablished nests no longer prqyidedA

suitable spawning habitat. By comparigpn the mean water temperature
was l9 C when renesting males lost theix first batch.of "black—fry . )

These nests were still within a suitable temperature range for male. -,
' - i

L]

smalimouth to respawn and resume their reproductive effort.,

Renesting males also had a. time advantage as 1 collected their

i

"black:fry" an average of 6 days earlier than males that spawnedionce

(day 28 vs.'day 34). This éxtraetime provided a sufficient period with
appropriate nesting conditions, from which to expect a reasonable . "
probability of successfully rearing 2 second brgod of oﬁfspring.

Renesting males were distinguished biologically as the _oldenr

+)

and larger males. This agreed with the theory that reproductive

Veffort increases with age (Gadgil and Bossert 1970; Williams 1966):
As-a fish gets older its future reproductive value decreases and the.

'l
option of investing more in current reproductive effort becomes more

profitable (Pianka and Parker 1975) The probability of sqrvival past
o S
6 years for gmallmouth males in Long Point Bay did not appear to be

.ot

high. 0n1y£5 percent of spawners in both 1982 and 1983 were older

than 7 years and the oldest nesting fish was 9 years old, This :

Pt}

restricted age structure was presumed to be due to the High <o,

exploitation by recreational angling, since smallmouth hasg.fre knogp .

to reach much older ages in Ontariq (Tester 19323 Scott and Crossman .

1973), . T
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?hé possibility that smaller and.later spawning males renested

-

at new sites haviné cooler water temper‘%ures outside the Inner Ba;\abs '
Y » .
.~ unlikely. Following the previous logic the younger males should have

N

IfJbenefitxed by avoiding additional renesting.costs in order to enhance
;; ta * . . .

growth and/or survival to a larger size the next season. The initial
nesting effort in smaller fish has already provided two significant
o~ N\

benefits. These were the reproductive experience which may enhance

‘future success - and the oppertunity to begin contrih‘ling‘to lifetime

fitness earlier.
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CHAPTER 6 - CONCLUSION - ‘ o ‘ .
Data on the reproductive behaviour and ecology of smallmouth

bass in a large natural lake was gathered by this research \$he use

of SCUBA to observe smallmouth in Long Point Bay, Lake Erie, during

their breeding period was an effective approach. A catalogue of the

L4

‘behaviour patterns displayed during the reproductive period was

compi;ed, Several previously unreported behaviours in¢luding alert
display, crossover, inter-quiver pause and tail beat were obaerved and
described. Other behaviour, i.e. parental guarding, was refined imto
units of fanning, patrolling and defending. .This facilitated under-
standing the efficiency of behavioural organization ahd the
interaction of male and female behaviours during the spawning cycle.
The bbservation of a number of complete spawning\sequencEsgprovided
iaitial insight into a mating system of nesting smallmouth, where‘

N

selectivity in choosing mates.
L]

N

Reproductive success, or the number of offspring a male

.

males may exercises

smallmouth reared to the "blackIfry" stage, was used as an

operati?nai estimator of fitness. The influence on reproductive
o [y h

success of a numPer of factors -in the mesting male's environment were
evaluafed. Principal components analysis uas used to derive
independent predictor variables that were linear additive components

of the originally measured variables. Multiple regression analysis

of "black-fry" with a reduced subset of indepenqent predictors

.

indicated that the accumulated hours of wind (having a force greater

than Beaufort force 4) that blew during offspring development had tfie

-

largest significant influénce on reproductive success. The numbers of

’ -

s 88 , . .‘ oo o




"hlack-fry" were lower in nests subject to Qindigf\zfgimes. The type .

of material in the bottom of th@bnest_also significantly tafluenced

‘ reproductive sucgess, but to a lesser degree. A clay/silt nest <

substrate was more,producfive than the boafser sand or short :
végetapion. Toéether both these variables accounted for 29.8% of the
vartance in the numbers of “ﬁlgck—fgy" of male sm;llmouth. The value
éf these results was made clear in the context of 5 imﬁortant‘ N
points. First, all the predictor variables were made completely

- independent by the analysis which meant that no variation was

exglained more than once. Secbndly, reproductive success of the

o ; .
males was evaluated at the "black-fry" stage. This followed a

period Quriﬁg which the quality of the male was tested, both in
his attractiveness to females and in his ability to protect his
.offspring. Finally, the high level of predation obéerved around

smallmouth nests may have caused sign{ficant variation in "black-fry"

-

N .
numbers ameng nésts. This was not medsured at individual nests
) ’ .
{
during this study, . .
The proportfhn of nésts reqéiving eggs that successfully

préduced "black-fty'" \varied significantly between years. This

~
s

ranged from 33 to 88 percent:\fThe'average number of "blgck—fry"

per successful nest was‘significantly lower in a 'pogf' year,
Reneéglng in thelr samé territory by malé smallmouth was

studied 'in 54 marked fish du;ing 1983. It occurred in response to

thé‘loss‘of tﬂeir first bro ‘. ‘Offqpring mgrtaliﬁy was éimulated by

removing "black-fry" from dests. Twenty-two pércent of marked males

L



’ '

undertook a second effort in their original territory. No tagged , ‘
maleé were found.nesting elsew;ére, although this.altefnative cannot.
. - -
. be firmly rejectédp ‘Renesting males were older and larger than
single nesters. Their average'numhéfs of offspring did not differ'

eignifihanély between efforts, Renesting represented an effective

way tb[minimize reproﬁuctive failuré,in one season.
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