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Abstract

Most nesting male longear sunfish (Lepomis.megglotis‘peltastes)
exggﬁﬁt;“their nest‘in qenég aggregations,.while a small.pefcentage
nest solitarily. The imggrgance of sexual selection in the,evolution
of this breeding system was evaluated byfexamining the influenée of
certain nest and male cha;acte;istics on spawning success and by
comparing‘the reproductive success of social aﬁd solita;y nésters.' The.
hypothesis tﬁ;t mélq; unlikelynto attract mates benefit from gréuﬁ‘ °
ﬁesting because they increase their success by stealing fertilizations
was tested. ' : -
Among social nesters, fémales spawned pref;réntially with males -
nesting early in the period and in centra¥ ﬁ%sitions. Nest diameter

and male size were also correlated with the predictors of spawning

success, but apparently were not assessed directly by females.
& B

‘Positive. relationships between predictors of success and the number of

nest intrusions received and performed by each male were uncovered,

p3
<

indicating thaf unsuccessful males perféormed few intrusions into

neighbours' nests. The success of fertilization stealing attempts is -

o

unknown.

3

" Spawning period, which presumably reflected environmental

-

- : ' : : I .
conditions, was an important determinant of reproductive success.

! L

Solitary males tended to foster more larvae and,probably enjoyed

iid

e ———

7



greater Certainty of paternity.than did social nesters. They were also

[

significantly larger than social males.

The existence of nesting aggregations can be interpreted from a

sexual seléction perspective, as .suggested in a previous study.' Males
, ° LN

unable to attract females nest around attractive males and thereby
create groups. The few intrusions they perform may represent their’

only possibility of successful reproduétion. Attractive males risk

3

reducing theilr success by nesting socially and probably attempt nesting
solitariky.“ High spavning synehroany, however, may prevent them from

renesting elsewhere once other males aggregate around them. Females

comply with this syste@“by preferentially spawning with attractive

social males and tolerating the intrusions they receive, but spawning

I-;dppﬁrtuniéticélly with large males who remained solitary.

- ~
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Chapter 1. Introduction

Because of anisogamy (Maynard Smith, 1978), sexual selection
operates predominantly on males, by means of female cholce and male
cbmpetition for access to females (Darwin, 1871; Fisher, 1930; Huxley

1938; Borgia, 1979). The relative importance of these two mechanisms

& ’

is ofteﬂ‘ﬁérd to ascertain, and many studies have failed to pfovide‘
con&incing evidence of female choice based entirely on maie phenotype
(Wiley, 1973; Lill, 1974; Sullivan, 1982, 1983; Arak, 1983; Boake,
1984 Perrill, 1984; but see Maynard Smith, 1956; Hogan—Wgrburg, 1966
Kruijt and Hoga;, 1967; Whitney and Krebs, 1975;;Ryan, 19803 Browﬁ,
1981; Grant and Colgan, 1983). To demonstrate female choice, the
phenocypicﬂtrait preferred by females must be identified, heritable
(Fﬁsher,'l930{ Dominéy,.1983b), and shown to confer higher fitness to
the males possessiné it (Searcy, 1979). 1Its genetic variance in the
populationm must be sufficient (Cade, 1984) to allow perceptual
discrimination by feﬁales (Arak, 1983; Coh;n, 1984), and it should

represent an "honest” advertisement of male quality (Searcy, 1979;

Kodric-Brown and Brown, 1984).- Females are most likely to evaluate

\‘\,

~ .
genetic quality of males when the latter provide no material benefits
to their offspring (Borgia{ 1979). Under such circums&ances; males
often aggregate at communal display sites, which the females visit

solely to mate (Emlen and Oring, 1977). Group displays intensify

1

N
Loyl

b

.
b
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¢

courtship signals and minimize the time that females spend searching
and evaluating potential mates (Lill, 1974; Wilson, 1975; Emlen and

P

Oring, 1977; see below). e
T Breeding aggregations,'howevérf must also enCaii costs or risks. to
their @embeféﬁthat coﬁld be minimized by dispersing uniformly
ﬁhroughout available habitat. Clumped territories undoubtedly increase
the time, energy, or risk of Injury associated with terfitorial defence
(Bietzy 1981): Group members often face increased competition for
resources (Alexander, 197&5 Hoogiand and Sherman, 1976; Krebs and
Davies, 1981). Groups may also be more counspicuous to predators than
solitary indtviduals (Alexander, 1974; Andérgsoh and Wicklund, 1978).
Breeding aggregations promote cuckoldr;, nest parasitism and
cannibalism-(Hoogland and Sherman, 1976; Beecher andybeecher, 1979
Pugesek and Diem, 1983; Brown, 1984).

For group breeding to persist, benefits must compensate for costs
or risks incurred (Alexander, 1974) Lnless, of course, groups fqrm
'simply as a.consequence of limited breeding habitat (Breder, 1936; -
Itzkowitz, 1978; Kodric-Brown, 1981). 1In gome species, gaiqs derived
from 'information centres' or from cooperative hunting surpass
individual foraging efficiency (Ward and Zahavi, 1973; Wilson, 1975;
Be;t%a@, 1978; McCracken and Bradbury, 1981; Andersson et al., 198;;

Walte, 1982b). In mdany cases, group members benefit from efficient

predator detection (Bertram, 1978, 1980; Wittenberger,.1978) or’

v

defence, by mechanisms such as dilution, confusion, or predétor mobbing




(Wilson, 1%75; Hoogland and Sherman, 1976; Gross and MacMHllan, 1981;
Dominey, 198la, 1983a; Wicklund, 1982).
The above benefits, however, are unlikely to pertain to all

" breeding aggregations, or alternately, may simply represent secondarily

derived benefits rather than selection pressures leading to, group

£

formation. In particular,»élusteréd territories, devoid of essential
rescurces and used for male dispiays, probably arose in response to
sexual selection (Emlen and Oring, 1977¢ Borgia, 1979; Cade, 1979;
- it ' v
Foster, 1981; Arak, 1983). These male aggregations allow females the
simultaneous evaluation of several potential mates, thereby minimizing
. Y : ) -
searching or \information gathering' time and risk (Wittenberger, 1983)
b3 : - ¢
and allowing the 'best' method of mate choice ('best-of-n-males',
Janetos, 1980). Territory ownership is often resolved by male
competition, further facilitating the female's decision process (Emlen
and 6ring, 1977; Wittenberger, 1983). Intensified courtship signals
emitted by these aggregations may be more easily perceived by searching
females (Lill, 1974; Wells, 1977; Cohen 1984), thereby ‘conferring upon
group members an advantage oJer solitatry males.
Despite the benefits associated with breeding aggregations, some
'males in the population may adopt alternative behaviours and either
establish a solitary territory (Wells, 1977; Andersson and Wicklund,

1978; Cade, 1979; Lott, 19B4), or shun territoriality altogether and
K]

rely instead on fertilization stealing to achleve reproductive success

(Emlen and Oring, 1977; Wells, 1977; Davies, 1978; Perrill et al.,



1978, 1952; Dominey, 1981b; Gross, 1982; Arak, 1983; Fairéhild, 1984; .
Howard, 1954).- These alternmatives should be used by paleé who would
'otherwisé derive few benefits from aggregating (for example, males who
L &
~can quite successfully attract females, or those who cannot compete
sucéegsfully with the 'better' males vying for prime locations within
the group). These males could thus evade the cos;s and risks
associated with territorial defence (Alcock et al., 1977; que,.1978,
1950; Davies, 1978; Wirtz,f1981, Howard, 1984; Waltz and éolf, 1984)
.and could increase their‘;eproductivg success above the level expected
from group membership (Emlen and Oring, 19f7; Weils, 1977; Dominey,
1981b; Waltz, 1982a; Austad, 1984; waard, 1984; Waltz and Wolf, 1984).
Unfortunately there exist;-no conceptual syﬁthesis to explain the
mechanisms which lead to and maintain alternative reproductive
béhaviours in populations, aighough various classification schemes-and
mathematical models have recently been proposed'(Gadgil, 1972; Alcock,
1979b; Cade, 1980; Ruﬁenstein, 1980; Gross, 1982, 1984b; Waltz, 1982a;
Austad, 1984; Dominey, 1984; Waltz and Wolf, 1??4). Alternative
breediﬁg‘beh;viours vary greatly among sgecieg, with respéct to whether
or not they occur in the same population, are temporally segregated,
reflect competitive ability, are genetically fixed, facultative or
stochgétic, and whether or not they yield similar fitnesses. Récent

models have yet to be empirically tested; and the genetic basis and

fitness yields of specific behavioural alternatives remain largely

3




unknown (but see Dominey, 1980; Cade, 1981; Schroder, 1981; Gross,

1982; 1984a,b; Fairchild, 1984; Howard, 1984).

Tﬁé longear sunfish, Lepomis megalotis peltastes (Scott and
Crossman, 1?73 : 724 ; 727) is a smali‘centrérchid that utilizes
alternative répréductivé behavio;rs (keenleyside, 1972). The "typical"
males excavate thelir nest in aggreg;tions of up to a hundred or more
indiyiduals. &hé nests are often rim to rim, and Qheir approximateiy
hexagonal boundaries (Grant, 1968) delimit each male'soterritory.
However, a few nesting males do not join nesting groups but rather,
nest solitarily (Boyer and Voge@%, 1971 Bieﬁz, 1;81). A third
beha&ioural,alger;ative is adopte@ by small, non-territorial males

("'satellites') who congregate above nesting groups during spawning

activities, dart into nests while spawning is occurring and apparently

release sperm and steal fertilizations from pesting males (Keenleyside,
1972). Whether or not individual males ﬁ{::iicé a single behaviour
throughout their lifetime 1is unknown, and the fitness of the three
types and the mechanism maintaining their coexistence have never been
investigated. Becguse of the satellites' small size, Keenleyside
(1972) assumed that fertilization stealing and nesting were
sjze-linked, sequential tactics adopted by all male longears.  This has
yet to be confirmed. Bietz (1980, 1981) examined the adaptive
significance of nesting aggregations in longear sunfish. He first
demonstrated that nesting habitat was not iimiting, and then explored

the possibility that foraging efficliency, predation pressure or sexual

° s

\



selection could have led to the evolution of group nesting. He was,

however,‘unablé to gather adeqﬁate support for any of these hypotheses. His
. , \
C

Alternative reproductive behaviours have recently been examined in

a Eosteribri hypothesis is summarized below.

the bluegill sunfish, Lepomis macrochirus. Dominey (1980,ki§8fb},'

Gross. and Charnov (1980) and Gross (1982) proposed that the behaviours
seen in bluegilis are not adoptgd sequentially by indivi ;1 males but
rather, are used by distinct factions of the‘population. They also
argued that the success of cuckoldry and nesting should be edual, the
proportion of males using each behaviour thus Seing frequency-

dependent. As for the significance of 'colonial' nesting,'ﬁaminey

T
Dy

(1981a) and Gross and MacMillan (1981) sggéested that it lay in
protection. of the brood fromrgredéﬁbfs. They found isolated nests to

- N
be the most vulnerable to brood predators, followed by those at the
_periphery of a group; central nests enjoyed the highest protection from
predators.

Bietz (1930), however, found mno evidence of such advantages for
group~-nesting }onéear sunfish., Furthermore, sinc%\nesting males never
leave their territory to feed (Huck and Gunning,é%;67; Bietz, 1980),
the foraging efficiency hypothesis was inappliggglg,&MFinally,.contra;y
to predictions stemﬁing»from mate choice tﬁeory; Biét;;found that a
male's probability of mating deciined with increaging group size and

bore no relation to his position within the group. In fact, solitary

males were more likely than social males to reproduce successfully.
%
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Bietz (1980) tperefore proposed that for a male with low probability of
:agtracting mates,'group nesting is advantageous because he can increase
his reproductive success by stééling fertilizations from hislnesting
neighbourg‘ For examﬁle, if ﬁemale choice were based on malg size,

then large males should try to nest solitarily while smaller males

should :seek ”agfractive" males and nest around tﬁem té steal
»ferfiliéationsi )
1 %ntendgd to evaluate the importance of sexual selection in the
evolution-of the longear breeding system, by comparing the reproductive
éuccess of social and solitary nesters, by examining the influence of
male and nest chéracteristLEs on reproductive success, and by testing
Bietz' fertilization stealing hypothesis. Althougﬂ Bietz briefly
examined potential advantages of social nesting, his measure of
reproductive success was simply the presence of larvae in the nest,
without regard.to thelr "quantity or to fértilization stealing. I
decided to collect and counﬁ.the larvae, and to record all épawning
activities, particularly tge\ﬁest,intrusiOns performed by nesting
neighbours and satellite males. I also wanted to determine the success
rate of such intrusions by electrophoretically tracing the paternity of
larvae spawned und?r controlled 1abo;atory conditions. Tf nesting
aggregations are favoured because of intensified courtship signals or

minimal female searching-time, then group nesters should enjoy greater-

reproductive guccess than solitary nesters. 1If females prefer large,

aggressive males, then these males should occupy solitary nests or




central 1ocations within aggregations (and obviously, achieve greater
reproductive success). If Bietz' hyﬁothesis is correct, then small
males, unlikely to attract many females, should nest around the

preferred males and steal fertilizatlons from them.

N
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Chapter 2. Materials and Methods

The field work’was executed in ; 400@ sec;iqn of the Middle
Thameﬁ/kiver,.l.Bkm north of Highway 2, near‘fhamesford, Ontario. ‘Th{s.
sectign was slow-flowing, warm ané shallpw,-with’only a few pools
reaching a depth of lm or more. 'Waterrtemperature w;s continuously
monitored in a shaded area close to shore by a Dickson R thermbgraph,
and depth was measured at a fixed .location every day (Figure 2.1).
Occasional heavy rains temporarily incréased water turbidity, level and
flow, and decreased temperature. Heavy siltation ensued,vas Fhe
flooding subsided.

Loﬁgears were found nesting on a substrate of gravel mixed with
sand, mud, or less frequéntly, clay., Most nests were l;cated near the
shoreline in depths of 10 to 70c¢cm, often near aquatic vegetation

(Elodea canadensis, Nuphar variegatum) or under overhanging willow

"y .

shrubs (Salix interior).

2.1 1981 Behavioural Observations

Nesting activity was monitored daily by wading through.the inshore -

areas. On the first day of nest construction;’l selected a nest
cluster and erected a mapping grid around it by driving metal stakes

into the substrate at lm intervals. This usually disturbed some males,

) “
but they soon returned., All nests in the group were then drawn to

9
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- Table 3.4 Discriminant Function derived from the 1982 predictors

(excluding male size and age) of nest ‘success (nanI; p=3.74 x 10-5,

Wilk's Lambda) and correlation between each variable and the new

function,
VARIABLE STANDARDIZED DISCRIMINANT
' FUNCTION COEFFICIENTS

Solitary o -0.405

Central < -0.240,

Nesting Day » -0.347

Nest Diameter ~ l : 0.428

Group Size . -0.268

Spawniing Period ’ 0.919

CORRELATION

COEFFICIENT

0.201
-0.145

-0.278

o
0.258

-0.505

0.768 .
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-Data were collected, beginning on June 5, 17 and 29, from-three

groups composed of 60, 13 and 43 nesting males.respectively, yielding a

< .
- tdtal sample size of 116. However, one male was deleted from |

.

.subsequent analyses becégse an Qvefhanginé branch precluded complete
dbse;vations on his activities.

Table 2.1 lists the variables measured for éach gréup member and
their transformation, where_appropr%ate (Zar, 1974 : 182-188). Group
size i;lthe total number of males nesting in.the g%oup. A cent?ality
score was'calculated fof each malé by summing the inverses of the

-

distance between his and every othervneét in the group (from Warntz,

¢ -

. 1964, in Bieti, 1980). I then ranked thesé scores, and any male ghose
score was below the median Qas classified as per%ph;pal.(=0) and the
remaining males were ci;ssified as central (fl). ihis method of
defining centrality was found to be functionaily equivéient‘to several
‘other procedures (see section 4.2.1). Nesting day refers to whether a
male initiated his nest on the first, second or third Aay of nesting”
N | . ) -
activity during the spawning period. Nest diameter waS'estimated from
the group maps, by taking the avérége of the longest and shortest axés
of the ;est. Males who had.fated<poorIy during tﬁe spawn{ng period
éggfgyée?:their nests. soon afteryard and were therefére.n;t ;agged and
a meaggreag this resulted in many missing valuesiin ;he,size éﬁd age .
vériabies (Table 2.1). 'Thenreﬁaining‘variapleé rgfregent ;ogals for

the entire two or three déy spawning peribd. The number of intrusibhs .

received by a male is the sum of fertilization éteaIing attempts from

4

i




"Table 2.1 Varlables measured for the nesting males studied "in 1981

(male length, weight and age, n=57; all other variables, n=115) . See

I
text for complete defihttions.

VARTIABLE.

P;edictor:
Group Size
Centraligy
Nesting Day

]

Nest Diameter

‘Male Length

Male Weight

Male Age

Spawning Success:

Females Entering Nest

Females Spawning

Spawning Time

Fertilization Stealing:
Intrusions Received -

Intrusions Performed

DESCRIPTTION

e e

total # males in the groﬁp

central vs peripheral

-day of nest initiation within

~a spawning period
(long + short axes) x 1}

total length (cm)

(g)

# annuli on scales

total # for the spawning ‘period

total time (s) for the spawning

period

total # for the spawning period

1"
»

TRAN

(x
(x

(x

(x

(x

SFORMATION

In (x)
1n-: (x)
In (%)

+ 0.5)
+ 0.5)

+ 0.5)

+ 0.5)

+ 0.5)

[N
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nesting neighbours and satellite males. Technical difficulties

precluded the collection and in situ enumeration of larvae.

2.1,1 Spawning Success

A) Analysis excluding male size and»age

Missing values in the male variables were nonrandom consequences
of the males' poor spawnihg performances. Recommended methods of
estipating missing data were thérefore inapprop%iate (Tabachnick and
Fidell, 1983 : 68—72)_ The prefeyred.solution was to delete thegg
variables from the list of predictors before aﬁalyzing the daté set.

v

The other approach (section 2.1.1.B) was to consider only those males

“for which size and age'déta were-available,
. ' N

A Pfincipal Components Analysis was performed.on the coﬁte}ation
matrix of group size, céﬁtrality, nest d?té and nést‘diameter-
(predictors of spawning succesé) to &etegmine which variable(s)
accounted for most of the structure in the data éet (Jeffers, 1978).
Male scores on the first componeng axis (PC-1) were correlated with

"their counterparts from the first component of spawning success

variables (number of females entering and spawning, and spawning time).

3 ' <
A significant correlation coefficient would indicate a noteworthy

relationship between one or more predictors and male spawning success.

14



B) Analysis including male size and age/

The 57 cases for which male length, ffeight and age were obtained

were subjected to the same ﬁroéeddres as described above, having
included the male variables in the list of predictors.

In addition, Brian Bietz generously offered some unpublished 1978

Il

data consistiﬁg of centrality scores and male size (Bietz, 1980) for

e

e

comparison with my results. The relationships between centrality and

- male length and weight were examined with one-way ANOVAs.

-

2.1,2 Nest Intrusions

A) Analysis éxcluding male size and age

The relationships between the set of predictor variables and the
number of intrusions received and pérformed were determined'by two

separaée multiple regressions. However, highly correlated prediétors,

a

‘such as length, weight and age, can seriously affect the validity of
fhe results (Wonnacott and Wonnacott, 1981 : 438). To avoid

'difficulties with'suéh,multicollinearity, I used the PC-1 derived from

-~
Z

the set of predictors in sectiq§521¥.1.A és the sole predictor in the ~
regression equations.: . .
B) Analysis including male size and agé

The 57 cases for which male 1e;gth, w;ight and age.dagé were

available were subjected to the same procedure as -above except that

the PC-1 from section 2.1.1.B was used as.the predictor.

15
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2.2 1982 Reproductive Success

-
)

1 made no behavioural observations in 1982, to allow data

collection on many groups as well as solitéry'ﬁesters, and to collect.
and count the larvae from as many nests as possible., 1 surveytd the
entire study site daily; mapped all nests and examined their contents
to verify the progeny's develgpment:l.stage.s As time permitted, 1.
measured and tagged males guarding eggs; as described in section 2.1,
éxcept thé& thé scales were taken %rom‘the left side df the fish. Two

: i .
or thfee days after no more eggs could be seen in a nest, the presence

or absence of longear larvae was detgrmined b&lsuction of intefstices
in the g;avel with a kitchen baster. If laryae were present, anﬁ if
pime permitted, the entire contents o? the nest,. to a deptﬁ of at least
Scm, were scooped out with a finé mesh‘dipnet.‘(This material was , : .
'quickly sortéd, removing the 1arg§St pieces of gravel, ‘and was
transfer%ed to 1-1 jars contairing approximately 100m1 37%
formal&ehyde. Subseq;encly, I Qashed tﬁe contents, in the laboratory,
through a series of five sieves ranging from'ZSQP. to 400mm in mesh
size. .The bottom two were then emptied'into an enamel tray and the
larvae were removed as thgy we;e co;nted. | °

- Table Z.Zilists the vqriabiés.measured, the samplg sizes and the
' tr;nsformations used (Zar, 1974). .Male_désting:sﬁgtgs was défined by °
tws,binary dummy.vériapies, splitar; and central. Peripheral maiés

scored a zero for both variables. Centrality was determined using the

-

¢
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I

Table 2.2 Variables measuréd for nesting males in 1982 (male

length,weight and age, n=43; number of larvae, n=109; all other

variables, n=121), See text for complete explanations.‘-‘»

VARIABLE

Predicto;}
'Solitéfy
Central
Nesting Day

~ " Nest Diameter

a

Group Size
Spa;ning Period-
Male Length
Male Weight

Male Age

Reproductive Success:
Presence of Larvae

Number of Larvae

DESCRIPTION .

solitary (=1) vs social (=0)

central (=1) vs other (=0)

day of nest initiation within
a spawning period -

(long + short axes) x }

# nests in the group

which spawning c&cle of season

total length (cm)

(g) : -

# annuli on scales

-

success (=1) vs fallure (=0)

total # larvae in the nest

TRANSFORMATION

In (x)

(x + 0.5)°

ln (x)
In (x)

(x + 0.5)

i ’ '
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method described in sectfion 2.1. A more continuous range of gréup

‘sizes was studied in 1982, as opposed to just three in 1981, so that a

transformation suitable for count variables was appropriate. There

ST
were five spawning periods (or cycles) dn 1982, the first one starting

on June 28 and the last one being an isolated case on August 5.

2.2.1 Nest Success and Failure

A) Analysis excluding male size and age

A MANOVA was executeé using SPSS (Céhen and Burns, 1977) .to
determine whether suécessful males (with 2- or 3-day-old larvae in the
nest) differed, with respect to the predictor variables, from

unsuccessful nesters (no larvae). Male length, weight and age were not

.18

included in this analysisf If significant differences between the two -

‘groups of males were found, a Discrimingnt Analysis (Klecka, 1975)

would identify the variable(s) responsible for such differences.

BrianlBietz{ 1979 data,‘inciuding qentraliﬁy score; nest date,

~ . 4

" group size and pfesence.of larvae for 522 group nesters were available

14

for. comparison with my- results. Successful and unsuccessful males were

compared by MANOVA and Discriminant Analysis,

B) Analysis including male size and age

’

The subset of 45 cases for which male size and age measurements

. were obtained was anaiyzed:following.the same procedure as'in:2.2;1.A

above, having first.added-léngth, welight and agé to the 1iét of

variables.




2,2.2 Larval Abundance , ) s

A) Analysis excluding male size and age

I obtained larva counts for 109 bf‘the 121 nests inspected '
(seétion 2.2.1). The inflﬁence.of each variable on reproductiige. S ..
success (number of larvae) was determined by fegrgssion‘analysis. ;o
~avoid problems with multiéolligearity among predictors (Wonnacott and -
Vonnacott,_1981)'a Principal Components Analysis was first performed on
the predictor variables, excluding male length, weight and age." dnly
the first few interpretable compbnents were to>be included in the
regression equation.
- B) Analysis incluéing male siz; and agéf‘
I applied the same pr?f?ﬂurerto the ?7 géseé for which sizerénd
age, as well‘ag number of larv;e; were available, havigg addéd>maie

-

slze and age to the 1ist of predictors before executing the PCA,

2.2.3 Renesters

Twelve males tagged in 1982.were found renesting later in the

i)

season. I made an effort to collect ‘complete data from such Tenesting

attempts. Number of larvae for first and second attempts were compared

by paired-sample t-test (Zar, 1974). No statisties were performed to
compare nesting status during first and second attehﬁts because of

—

restrictive sample size.

5
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males could be selected and allowed to spawn under continuous

20

2.3 Paternity Experiment
A .

I designed a laboratory experiment to determine the success raté
of fertiliza;}on stealing attempted by nesters and satellites. By
electrophoretically typing miscle enzymes of several fish, identifiable

“

observation, and the proportion of fry fathered by various intruders
could be determined for each nest.
In 1982 and 1983, fish brougﬁt back from the field were tagged

using‘thé same technique as in section 2.1. Several days later, muscle

biopsies were taken from the dorsal musculature, having anesthetized ~

I each fish in a solution 6f tricaine methanesulfonate. All fish

recovered from the operation, but a few died later., I assayed their (

tissue nonetheless., Samples were kept at -70°C until they were

’

processed for starch gel‘electrophofesis,
All gels were run at 80mA and variable cufrent for 3-4h, and

4

slices were stained for different enzymes, fdllowing the recipes in
Shaw and Prasad (1970). I first ésSaygd‘the enzymes that are known to

be polfmprphic in other populations of -longear. or other sunfish (Avise
and Smith, 1974a, b; Avise, 1977; Avise and Felley, 1979). The genetic -

. ~ ‘A""- : e ': ST
variability detected in this population (section 3.3) was insufficient -

-

for the purposes of the experiment, which was therefdre not executed.
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2.4 "Male Size Experiﬁent

. Because size and age measurements were obtained chiefly from
sdccessful nesters I decided to test female preference for male size

under controlled laboratory conditions.

A lﬁrge population of 16ngears was found in the Ausable River near

Exeter, Ontario, and apprdximately 200 fish were brought back. from this
site during the 1984 breeding season. They overwintered in tw6.830;1
.cement tanks under natural photoperiod. Water temperature dropped to
12°C in February and then graduaily increased to 19°C. The fish were
— R . : '

fed Purina trout chow every second or third day. 1In early March they
were ‘transferred to slaboratory aquaria, where photoperiod was

o

artificially increased te 16L:8D over two weeks and water temperatures

3

were maintained at 22°C. The fish were fed flake foqd, trout chow or
frozen Artemia two or three times a day.

Several females (Total Length 8.09 * 0.085cm) were placed in a

) qéﬁpérgment of the experimental pool. The 0.64cm mesh plastic

particioﬂ élloyed @hem full view of the pool. Eight small (TL 9.08 *
0.098cm) and eigh; lé;gé'(TL 11.4 + 0.087cm) malés were introduced on
_opposite sides of a sim%lar partitiqn‘running perpendigulariy to the
\femalés' compa?tmenr,I A75cm iéigr‘df gravel covefea the bottom im all

sections. Water depth was approximately 30cm. Periodically, the

temperature was allowed to fluctuate by'several degrees and the water

P

‘;yé§ partial1y changed to induce gonadal maturation and nesting




activity, The photoperiod was 16h long. Food was dropped in each
section twice daily. Once nests were completed and mapped and females

appeared ripe, I removed the partition between the two groups of males

and released six females in the centre. .I recorded all spawning

activities for several hours with a cassette recorder. 1 then returned

the females to their compartment, I compared;nest d}améter and
spawning success of small and large males by Mann-Whitney tests (Zar,

1974). I tested the influence of nest diameter on spawning success and

‘on intrustons by Spearman's rank correlations (Zar, 1974).

<
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Chapter 3. TResults

There were several spawning periods In a summer, the first one

3 R S

/
beginning in early or mid-June and the last ending in early August. An

increase in water temperature apparently triggered synchronous—nesting
activity throughout the stuay site. Males mo;ed into shallow waters
"and began nést construction solitarily (> lm away from ﬁéarest
neighbour) or in small grbups (=20 ;ests), Although nest excavation
usually required less than 24h, new males joined these initiators,
usually at the periphery, but sometimes between existing nests in the
cluster, during the second and third day of nest initiatg;n (second or
thipd'neéting day). Feméles began arriving before all nests had been
completed. They were codrted by severai males 'as they swam through the
-cldster; and they often entered and circled in several‘éests before
spawning. (I did not'observe.spawning beﬁaviour in solitary nests).
Refer to Breder (1936) andpgk’ and Gunning (19§7) for a description of
spawning behav#our. Wﬁile a female spawned with a nesting male,
several satellites hovering near the water surface darted
simultaneously into the nest and quivered beside the female b;fore
beiné chased by the nest owﬁer. ANesting'neighbours also attempted
fertilization steéling. The female usually rémained in the nest duripg
such interruptions, but occasionally left and entered one of the

&
\ “
\

intruders' nest. Females were often seen spawning in more than one

23




nest;: Spawning activity lasted two"or three days,'dufing>which nesting

males gdarded the eggs (which hatched in t&o or thyee days) and
sgbsequently th; larvaé, until they dispergea four to six days after
hatching. The males then usually abandoned the nest, although the§
occasionally swept out.the acqumulated silt, in preparation for the

=~

next spawning-period. ~
3.1 1981 Behavioural Observations

3.1.1 Spawning Success

A) Analysis excluding male size and age

The first principal component from the set of predictor variables

-

explained 407 of the structure in the data and described a gradient

from nesting late in the spawning period, in a small peripheral nest to

nesting early in a large, central nest.(Table 3.1). The second
cémponent explained an gddipional 27% of the styucture and represented
a gradient from being.in a largé éroup and oEcupying a cengral, spall
nest to membership in a small group and occuPying a peripheral and
large nest. However, PC72~did not appear to be biélogically
meaningful, since the proportion of éentral males was set at 0.5 for

u

each of the thrée groups, and thefeforg any ,component showing joint

Q

variatiéQ‘}g/gfaup size and centrality was obviously trivial. It

therefore seemed advisable to omit PC-2 and subsequent components from

further analyses. .Ninety-fouyr percent of the structure in the spawning

\ ; 24
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Table 3.1 ‘Principal Components derived from the 1981 predictors -

[S .

- (excluding maie size and age) and the spawning success variables

(n=115) .

VARIABLE < PC-1 PC-2 © PC-3 PC-4
: Predictor:: .
Group Size ~0.130 -0.704 0.055
> Centrality . 0.363 ¢~ 0.583 0.368

Nesting\Day -0.697 . 0.094 0.090 0.705
Nest Diameter . 0.605 0.336 ~0.396
Eigenvalue 1.59 ~1.09 0.89
Variance Explained 39.7% ©27.37 - 22.3%
Spawning Success: .
Females Entering 0.574 ' -0.669 "—0.472

. Females Spawning 0.587 | ~-0.066 0.807
Spawning Time 0.571 0.740 -0.354 ‘

« . -~ . \

Eigenvalue - 2.83 - 0.13 © 0.04

,; ' .’\ N

n, Variance Explained .94.2% RN 1.47
-G . . -
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variables was summarized by their PC-1 (Table 3.1), which represents a

-
. ™

‘ \

gradient from low to high spawning success.

<

The correlation between a male's score on the first-predictor

e
T

component and that on the spawning success component was‘sigﬁificant at
the 0.001 level (Figure 3.15. The coq;lusion I draw from tﬁis
relationship is that late-nesting males’ oct¢upying small éﬁd usually
peripheral nests tended to fare poorly compéred to early-nesting méles_
who owned large and usually centra} nests. This‘is supported by the.
bivariate relationships depicted in Figure 3.2. These are selecﬁed
representatives of equivalent relationship;; for example, a trend
- 5

similar to that shown in'?igure 3.2A ig evidegt wﬁether_phe\criterion N
variable~is number of femaleé entering the nest ‘or totél‘séawning ciﬁe,

B) Analysis including male size and age

When male size and age &ere included in thellist of fredictérs,
the first pr;ncipal component'explaiﬁed 42% of~the structure (Table
3.2) and was mainiy an increasing size and ;ge gradient: PC-2 .
accohntgd for an additiomnal 20% of:the déta séru;ture and repreéented a
grédient from small central nésts.to large peripheral ones, prgver, I
dis;arded PC~2 and subsequént components because they‘pquided'little
information (with purely random data gach componeﬁt'&ouldiexélain about:
l?% of thé variatiqp), and furtheerre.a scrée tesé (Cattell,'1966’

indicated that only the first eigenvalue was{meaningfuf.' Ninety-two

percent of the structure in the sﬁawning success varilables (Table 3.2)

.

e
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Table 3.2

First four Principal Components derived from the 1981

.29

1

predictoré (including male size gnd age) and spawning success variablesg

(n=57).
VARIABLE

Predictor:
Gfbup.Size
Ceﬁtrality
Ngsting~Day
Nest Diameter
Male Lengtﬁ

- Male Weight.
.Male Age

" Eigenvalue

Variance Explained

Spawning Success:,
Females‘Entering

Females Spawning

Spawning Time

Eigenvalue

[y

Variance ﬁ%plainga

"PC=1

0,282

77 0,228

-0.297

0.249
0.573

"¢ 0.551

0.375 "~

2.94

42,1%

0,575

0.591

0.566

© 2,76

91.87%

PC-2.

-0.106

-0.700

0.147, .

00622

0.148
0.148 -

-0.215

"19.9%

-0.621

' 20.135"

0.772

0.19

6,37

PC-3

'-0.578

0.144
-0.725
0,123
0.037

~0.029

-0.318

*1.09

15.5%

-0.532

0.796

'-0.290

0.06 .

PC-4

~0.652
0.084
0.267
0.178

-0.077

~0.023
6.675
0.75

10.7%
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was summarized by its first component, a gradient from low to high

spawning success.

No significant cdrrelation_was found between PC-l from the

 pred{ctors and PC-1 from the spawning success variaﬁles (figure 3.3),

and therefore male size and age could not:be linkéd with épawning

o

success. The prediction that larger or older males would‘pccupy

central nests and enjoy greater spawning success was -therefore not
. ‘ ‘ N .
entirely supported. Figure 3.4 shows pertinent bivariate plots.

Bietz' 1978 data on central and peripheral male sizes indicate a

significanéiy greater size for central males (Figure 3.5). The similar

v

trend in my data not being significant (Figure.B.éA) leads me to
suggest that a less biased sampling of male size would have yielded

stronger support for my prediction.

-t

3.1.2 Nest Intrusions , . 7 P4
A) Analysis excluding male size and age
The number of intrusions. received and performed by a nesting male

. g . M
were related to<his score on the predictor PC-1 (Table 3.1) in the

following way:’

‘

'(Intrusion; Received + 0.5)0°5 = 4;26 + 1.120 (PC-1);

'
~

" p=<0,0025; 1 and 113.df;

. 0.
(Iptrusions Performed + 0.5) > = 3,82 + 0.604 (PC-1);

. p=<i0.0025; 1 and 113 df.
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The coefficients of determination (rz),~adjusted for<deérees of freedom
(zar, 1974;: 260); were 8,37 and 7fSZ fespectively (Figure 3.6A and B).
It can be concluded @hat, all else Being equgl, ﬁéles‘who nest late 1in
-sqall and-usually peripheral nests receive and also perform fewer
}nt;usions than males nesting early in large and usually central nests.
This conclusion is supported by the bivariate pléts shown in Figure -
3.7, although there-w\g no significant relationsﬁip between nest
. A
diameter and intrusions,.
‘ B) %nalysis including,male size and age

Thé subset of cases fo; whiéh male s&zﬁ\snd age were available
produced non-significant relationships betwéen tﬁe prgdictor PC~1
(Table 3.2) and number of intrusions received (p:;O.l, F-test) and
performéd (p:>0.25; F-test). The adjusted coefficlents of .
determination (rz) were 0,97 and»O.dZ respectively.- Thergfore ;>ma1e's
size and-age cannot be used to predict the number of intrusions he

recei&és or performs, as illustrated in Figure 3.8 (the relationship

- shown in Figuré 3.8B is the only significanﬁ_oﬁé of six ﬁossible

¢

cémbinations between number of intrusions_rege#ved or pgéformed an@
male sizg or age).

The overéll Eoncluéion from tﬁg 1981 data is that ;ales who nest
early, innlarge nests located in the centré oﬁ the group enjoy high

spawning success, and also perforh many fertilization stealiné attempts

“into each -others' nests, Although the analyses failed to identify male

size as an important determinant of spawning success and rate of
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Figure 3.6 A  Relationship between scores on the first predictor
component (excluding male size and age, Table 3.1)Aand the number of
intrusions received by males nesting in-1981 (n=115) : Y =4.,26 +

. _/ ’
1.12 (PC-1), adjusted r'2=8.3%, p=0.0025, F-test, 1 and 113 df\.
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Figure 3.6 B Relationship between scores on the first predictor

component (excluding male size and age, Table 3.1) and the number of
'\/ kS
intrusions performed by males nesting in 1981 : Y = 3.82 + 0.604 (PC-1),

adjusted r2=7.5%, p<0.0025, F-test, 1.and 113 df.
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inﬁrﬁsions, Figure 3.4 suggests that early nesting, central males are
in fact larger than late, peripheral.pesters, and Bietz' data (Figure
3.5) clearly®confirm‘this trend. Because the success rate‘of

igtrusiops is unknown, it is impossible to detérmine whether central

males enjoy greater overall reproductive success- than peripheral males,

who attract fewer females but also receive fewer intrusions.
3.2 1982 Reproductive Success = . , )

3,2.1 Nest Success and Failure - -

A) Analysis excluding male size and age -

~

’

The MANOVA executed on the all cases revealed highly siénificant

differences, with respecé to the éredictor var;ablgs, between

successful (larvae in ‘the nest) and unsuccessful males (Wilk's Lambda?
’ p;3f74 x 10?5, 6 and 114.df):. Preliminary F-teété (Table 3.35 K
suggesﬁed thatﬂspawning pgriod ang‘group size might be resﬁbnsible.for
the diffe;ences. )

When gctual group membership yas:ébncéaleé, tﬁé Discriminant
funct¥on'correctlY‘classified 67.7% (82 of 121) of the males as either
successful or unsucceséﬁul. Figure 3.9.shows the geparation betwéeﬁ

"the two groups of males acﬁleved with this function. The loadings of

thehyariaﬁies onto thé;Functidﬁ'(Table 3.4) suggested that spawning

.
L
' a s

per M, and also nest didmeter and 'solitary'!, were important

) “t i . , s
-determinants of nest success. .However, not all of these variables were

’

40
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Table 3.3 Means and standard errors of predictor variables (excluding
male size and age), for 1982 successful and unsuccessful males

-(univariate F-tests, 1 and 119 df).

- VARTABLE MALES WITH LARVAE MALES WITHOUT P

(ns1) . LARVAE (n=70) ’
' Solitary 0.294 + 0.064 0.200 + 0.048 © >0.1
. . Central 0.392 * 0.069 0.500 * 0.060 >0.1
Peripheral 0.314 + 0.066 0.300  0.055 >0.25 ’
Nesting Day 1.373 ¢ 01097 1.600 + 0.094 >0.1
Nest Diameter 3.478 ¢+ 0.031 3.421 £ 0,023 >0.1
Group Size 1,978 + 0.108 2.454 * 0.110 0.003
Spawning Period  2.650 = 0.161 . 1.800 + 0.106 .  <0.0005
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variables (excluding male size and age; n=121) (triangles: group-

centroids; cpen bars and triangles: unsuccessful males).




- Table 3.4 Discriminant Function derived from the 1982 predictors

(excluding male size and age) of nest success (n=f21; p=3.74 x 10-5,

Wilk's Lambda) and correlation between each variable.and the new

function.

VARTIABLE

Solitary
Central -
Nesting Day
Nest Diameter °
Group: Size

Spawniing Period

. - .
STANDARDIZED DISCRIMINANT

FUNCTION COEFFICIENTS

-0.405
.=0.240,
' -0.347

0.428

-0.268

0.919

CORRELATION

COEFFICIENT

0.201

-0.145

-0.278

-0.505

}
‘

0.258

0.768 .

et e e ———
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well cor;elated with §he D%scriminant Function (Tablé 3.4), and in

fgét, a highér correlation was f;und‘for group siée, which did not load

heévily. “This woﬁld suggest thaﬁ the loadings f&r 'solitary' and nest

diameter are not very meaningful, an interpreta;ioh supported by

univariate F-tests (Table 3.3). Note that peripheral nésts aré

presented as a separate category in Table 3.3 to facilitate comparisons

among nest typeé. I_did not include ’Peripﬁerai' in the Discriminant

Analysis (see sectiom 2.2). Spawning period seems to be the main

. | « .

Qiscriminator of nest success, with perhaps a slight influence from

group sizet The conclusion I draw from thi§ analysis is that a male's

‘success 1is m;inly\determined by the spawning period (the probability of

getting'laryae increases-over the summer) but membership in a small

group 1s also advantageous,

N "~ The MANOVA on Biefz' 1979 data (which consist exclusively of
social ngsters) revealed.that'successful and unsucéessful nests

,diffe%ed significantly with respect to the variables‘recorded kWilk'§

Lamﬁdé, pr=1:63 x 10#6, 3 and 518 df). The'éreliminary univariate’
F~tests (Tabl; QLS)F;uggested that nesting day (day of nest initiaéion
within'ghe spawning periodi énd centrality Qere impqrtant
discriminéting va%iables.'

figure 3.10 shows.the Sepafation,betweén successful and

unsuccessful males on the Discriminant Function, which correctly '

-

_classified 60,0% of the ééses.. The 1oa?ings of the Qariables'onto this

" ' Function (Table 3.6) indiéated that nesting ddy and centrality were

¥
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Table 3.5 Means and standard errors of predictor variables, for

Bietz' 1979 successful and unsuccessful males (univariate F-tests, 1l \\
and 520 df). ‘ o ,
-
VARIABLE . MALES WITH LARVAE MALES WITHOUT P
(n=259) LARVAE (n=263) R
Group Size 6.748 + 0,126 7.058 + 0.113 . >0.05
 Centrality 0.568 + 0.031 0.414 * 0,030  <0.0005
. ° \\\
Nesting Day ©1.243 £ 0,030 1.445 + 0.033 <0.0005 \
” | \
\
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predictor variables (n=522) (triangles: group centroids{ open bars and ' -

triangle: unsuccessful males),



°

Table 3.6 Discriﬁinant Function derived from Bietz' 1979 predictor

?

variables of nﬁ?f success (n;522; p=1.63 x IQ—G, Wilk's Lambda) and

o v

: 5o
correlation betw?en each variable and the new function.

[ k)
/
VARIABLE . . ! STANDARDIZED DISCRIMINANT " CORRELATION
FUNCTION COEFFICIENTS COEFFICIENT
[ l‘\
Group Size . ’ 0.192 0.332
Centrality - -0.574 : -0.639
Nesting Day - 0.706 . 0.806
{ . -
\t_‘ . * .
o - ,
et e
A\ o
- ‘/ ) R

\ ‘ LSV . [PRUG P




important determinants of a male's. success, and these variables were

also well correlated with the Discriminant Function (Table 3.6). The

-

conclusion drawn, supported by univariate F-tests (Table 3.5), is that

successful males tended to initiate their nest early in the spawning

‘

period and were more likely to occupy a central nest.

-

B) Analysis including male size and age
The MANOVA on the 43 cases with male size and age detected no

significant overall difference between'suqcessful and unsuccessful

4+

. , . T C g }

males (Wilk's Lambda, p=0177, 9 and 33 df). The univariate F-tests
indicated sig?ificant differences in nesting day, male 1Ength and
welight (Table 3.7), but obviously these cannot be used totimplicate

male size in nest success, It should be noted that, as was the case 1in

\
Fa
1981, the size and age data ,fre biased samples of the male population,

being mainly representative &f successful males (see Figure 3.14 for
- . N \'! . .

size distribution of 1982 males).

2

,overall conclusion I dray from the nest success analysés is
that spawning parifod is the main -determinant of nest success, with
perhaps an additibpa ‘benefit to nesting in a small'group. Bietz' more
extens%v;'data on group’ esters show.a‘défi;ite advantage for males
initiating their nest early inwthe spawning period;'in a central

position. '

48
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Table 3.7

male size and age), for 1982 succeszul and unsuccessful males

N

(univariate F-tests, 1 and 41 df).

VARIABLE

Solitary
Central
Pefipheral
Nesting Day
Nest Diameter
Group Size
Spawning Period
Male Length
Male Weight

Male Age

MALES WITH LARVAE

(n=35)

.343 £ 0.082
.457 £ 0,085
.200 *+ 0.069
314 + 0,114
.510 * 0.039
.919 + 0.138
.686 + 0.158
.351 + 0,018
261 + 0.065
.657 + 0.099

MALES WITHOUT

LARVAE (n=8)

0.125
0.625
0.250
2,125
3.365
2.348
2.500
2.226
2.872

3.375

+ .+ 1+ 1+ 1+ I+ I+

1+

I+

0.125
0.183
0.164
0.351
0.088
0;296
0.&89
0.046
0.159

0.263

>0.
>0.

=>0.

>0,
>0.
>0.
0.
0.

>0,

\

\

\

Means and standard errors of predictor variables (including

25

25

.008

007

017

25

(a3
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3.2.2 . Larval Abundance

.A) Analysis excluding,malé size and age

The first prinéipal component derived from the correlation matfix
of the predictors of larval abundance explained 397 of the strucéure in
the data (Table 3.8). It represented a gradient from being in a lqg%e
group and initiating nest construction late in the spawning period, in
a central’nest, to nésting alone or in a small group, early'in the
period, and not occupying a central nest. The second component
accounted for an additional 227 of the structure and was mainly a
gradient from a male occupying a large nest constructed early (with
respect to both the particular spawning period and the-entire breeding
season) to occupyiné a small nest started late. A scree test (Cattell,

%

1966) recommendeq the retehtion of Fhe first one or two components for
further analyses. ’

The.numbe:’qf larvae obtained by a male was related to his scores
on the first two components in the follo@ing way:

5

(Number of Larvae + 0.5)0' =.10.5 + 3.180 (fC—l) + 0.643 (PC-2);

- ' p=<0.0005, 2 and 106 df.

However, the influence of PC-2 was not significant (t-test, p=>0.5),

whereas that of PC-1 was significant at the 0.001 level. The adjusted
2

coefficient of determination, R, was 9.67 (Figure 3.11A). Thus, a

male in a large group, initiating his nest late in the period, in a
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Table 3.8 First four Principal .Components derived from the 1982

predictors. of number of larvae (excluding male size and age; n=109).

ﬂVARIABLE
Splitary
Central
Nesting Day
Nest Diameter
Group Size

°Spawning Period

Eigenvalue

" Variance Explained

\J

pC-1

0.579
~0. 357
-0.362
-0.042
~0.551

0.318

2,36

39.3%

" PC-2

0.003

-0.217

0.538

~-0.700

0.081

0.409

1.33

22.27%

PC-3

0.128
-0.656
-0.146
-0.230

0.319

-0.614

1.03

17.2%

PC-4

-0.097

0.462

-0.505

-0.675

-0.142

-0.215

0.63

10.5%




N

v52
central position, is expected to obtain fewer larvae than a male

%4

nesting solitarily or in a small group, and nesting earl} in a
non-central position. The implied higher success of 'non-central'
nesters 1s not dueito peripheral males doing better than central males,
but rather, to the inevitable inclusion of solitaryama}es in the
'non-central' category by the artificial dummy variables used in the
multiva?iate analysis ;o‘specify nesting status (see.section 2.2).
Figure 3.11B shows explicitly the respective spccess(of the thrFe types '
of nestiné maleé. Figure 3.116—E depicts some additionai\Qijariate
relationsﬁips relevant to the conclusions drawn from the regression
analysis. o e : ‘ '

B) Analysis including malg size and age

When male size and age were added to the list of. predictors of
larval abundance, the first princiﬁal component aécounted for°452 of

the data structure (Table 3.9). 1t represenied a gradilent from)small,

younger males initiatidg their nest late in the period and in large

s

groups, to large, oi&er males nesting éarly in the period and in small

groups or solitarily. The second componént explained an additional 237

of the structure in the data and was a gradient from a male occupying a

large nest early in the season, 4dn a central location to a male

occupying a émall nest late in the summer, 1In ‘a non-central location.

~

o

Again, the artificiality of:the dummy variabléds (éeg sections 222 and

3.2,.2.A) should be kept in mind when interpreting these results. A

-

'scree test advised the retention of the first ome or two components for

~
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Figﬁre 3.11 A-B A)nRelatibnship between scores on the first predictor

componentn(excluding male size and age, Table 3.8) énd larval abundance
in 1982 nests (a=109) : .Y - 10.5 + 3.18 (PC-1), adjusted r =9.6%. p<-
OldO}, l.and 107 df; B)_Re;atioh of la;val abundancé to nesting status
- (n=109), p>0.1, 2 and 106 df;’F—tesps (s: Solit&r;;_C: Central; P:

Peripheral; numbers in bars: sample sizes; error bars: 1 SE) .
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Figure 3.11 C-E

male size and age) and larval abundance in 1982 nests (n=109). C) p>
T 0.1; D) Y = 22.7 - 5.41 (GROUP SIZE + 0‘5)9:’, adjusted r2=9.17, p<

0.001, 1 and 107 df: E) p<0.005; F-tests (numbers in bars: sample

sizés; error bars: 1 SE).

. SPAWNING PERIOD

Relationship begtween predictor variables (excluding
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Table 3.9 First four Principal Components derived

o
o

from the 1982

predictors of number of larvae {(including male size and age; n=37).

VARIABLE

SoliFary
Central

Nesting Day
Nest Diameter
Group Size
Spawning Period
Male Length

Male Weight

Male Age

Eigenvalue

Variance Explained

PC-1

0.348

.0.2264

"-0.411

=, 06.053
-0.399
-0.065
0.440
T0.441

. 0.323

4.01

44,57

pPC-2

0.415
~0.412
0.127
-0.548

-0.136

0.506.

-0.182

-0.176

-0.059

2,07

23.07

PC-3

PC-4

0.188
0,144
~0.025
~09106
-0.072
0. 404

0.108
© 0.160

-0.852

0.63

" 7.07
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inclusion in the regression equation. The number of larvae that a male

obtained depended on his PC-1 and PC-2 scores in the following way:

(Number of Larvae + 0.5)0'5 = 23,3 + 2,906 (PC-1) + 1.172 (PC-2);

p=>0.05; 2 and 34 df.

Although this relationship was not significant, the PC~]1 coefficient

v

differed from zero (t-test, p<0.,05). When PC-l was used as the sole -

predictor, the equation became significant at the 0.025 level (F-test,
¢ N .

. . yi : .
1 and 35 df), with an adjusted r of 11.6% (Figure 3.12A). This
indicated a weak fendency for large, older males initiating their nest

early in the spawning period, in small groups or solitarily, to obtain

more larvae than small, &oung males nesting late and in large groups.

.Figures 3.12B and 3.13 do not support this conclusion in 1its entirety,

-

howéver. . ‘?\

The overall conclusion from the 1982 data 4s that nest success oOr

failure depends primarily on the spawning period, and perhaps also on

group size, Bietz' data suggest that nest“initiation day (w#thin the
spawning period) and centrality are important determinants of nest
success, whereas group size is not. The number of larvae that a male

obtains depends on group size, on whether he is solitary or social, on

nesting day, and to a very slight extent, on hils size,
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Figure 3.13 'Reiationsﬁi-p between predigtor variables (including male
siz;a and'age) and larval abundance in:l98.2 nests (n=37). A) p<“O..02_5;
B) Y = 38.5 - 8.13 (GROUP SIZE + 0.5)%:°, adjusted r3=ll.l°/,,r p<0.025,
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3.2.3 Renesters

Figure 3,14 depicts the size distribution of al% nesging males
tagged in 1982 and that of the 12 who &gre-found renesting later in the
season. The mean age (*SE) of th? Tenesters was 3.67 + 0.188 vears.
Table 3.10 describes first aﬁd second nest characteristics, for
comparison with Table 3.3. Renesters' nests were more similar to those
of successful méles thén.to unsuccessful nests (Table 3.3). Males who
reneétgq-apparently shifted from peripheral and central positions to
central.and solitary nests (Table 3.11), although the sample size
precludes a stat&stical evaluation of this trend. Eleven of the twelve
males were succ%gsful with their firsg attempt, glthough I collected

the larvae from nine of these nests. Their second nesting attempt was

eqdally successful (Table 3.10).
3.3 .Paternity Ekperimént

Abpeédix I suémarizes the geneéfé'variability dexecﬁgd in male and
%éméle 1ongéafs sgmpléd from the Thgmeéford population. Based on thé
11 loci examined, the avéfage.hgtérozygosity (H i'SE) for this
'population is 0.03-£ 0.012. Théjléw iﬁdi;idual-h;terozyéosity_ana ghe
‘scgrcity of‘?are-allele homozygotes in the Thaéesford sample.s;verely

restricted the number of identifiable males available. Whether

4ntrusions performed by different males all have an eqﬁal'probability

o«
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Figure 3.14 Size distribution of tagged l9§2 nesting ma,es\(n=&3);

stippled bars: renesters (n=12).
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Table 3.10 Mpans, and standard errors of firs.'tu, and second nest
variables for the 1982 tagged males found renesti"n‘g later in the season
(n=12; Number of iarvae: n=9; ﬁéired—sample t—testsl),.
\
. \ VARTIABLE . FIRST NEST ‘ SECOND NEST - P

%

Solitary 0.167 % 0.112 ?0\}‘?00 L0051 =0.1
0.500 + 0.151 0.3:4'3'"% 20142 >0.2
Periphdral ©0.333 £ 0.142 0~.167L“‘1; 0.112 C>0.2
Nesting I;\a\y , 1.333 + 0.188 1.417 ::""19.229 >0.5
Nest Diamethr 3.619 + 0.062 - 3.413 + 0,059 <0.05
Gr.o‘_lup Size 1.945 £ 0.240 - 1.581 + 0.124 >0.2
Spawning Period 1.917 + 0.193 3.167 *°0.207 <0.001
Number of Larvae 25.4 = 4.267‘ -23.2 ":‘4.417 : "‘\>0.2
, . \ |
N \\\
. \
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Table 3.11 Nesting status of tégged renesters during their first and-

13

.second attempts in 1982 (n=12):

'SECOND NEST

Peripheral - Central Solitary TOTAL
Peripheral o . 2 2. . A
fIRST Central 1 2 3 - )
NEST Solitary 1 ‘ o ) ! 2
TOTAL 2 4 , P )
. oy



of success, and whether they are in fact successful, therefore remains

unknown, P
3.4 Male Size Experiment >~ -

: Five small and eight large males nested.. There was no difference

in nest diameter between the two size classes (p=>0.5, Mann—Whitne§

> -

test), and no relatién;hip between nest diameter and any bf the
spawging success variables (p:>b.05 all cases, Spearman's rank
correlation) or intrusions received (p>0.1) or performed (p=>0.5).
The males' spawning activities are summarized in Table 3.12. >Two of

-~

the small males spawned, as did six of the eight large ones. Spawning
occurred'quradicaliy thfbughogt the observation ?eriod.‘ Alchéugh
large males.attracted'more females into their nest than did small
males, they did not enjoy a significantly greater spawning success.
Predictably,. the nuaber of intrusions received dasAproﬁortional.to éhe
amount ofﬁsgawning achieved (r = 0.902, p=<0.001, Spearman's rank
correlation). The m%les who faréd péorly did not compenéate by
performing more intrusions fr = -0.178, p>0.5). ?n éummafy, the

results of this experiment could not falsify-the null hypothesis that

females show no mate size preference.
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Table 3.12 Male spawning success“andvThtrusion frequency in the male

size experiment (Mann-Whitney tests).‘

VARIABLE - - " SMALL MALES LARGE MALES P
(n=5) ) - (n=8)

Females Entering l 1.83 ¢+ 0,541 4,91 ¢ 0.428 <0.01

Females Spawning 1.04 + 0,228 2.57 £ 0.643 - 2>0.1

Spawning Time . 3.16 t 1,507 12.08 + 4,320 >0.2

Intrusions Received 1.16 % 0.295 2.00 + 0.845 =0.5

Intrusions Perfgrmed 0.91 + 0,125 2.22 + 0.714 . >0.2




_~  Chapter 4. Discussion
4,1 The Thamesford population

The longeéar population has declined dramatically in the Middle
Thames during thé last 20 yéa;sl In 1969, the daily number of aegive
nests within my study site peaked at more than 2000 nests (Keenleyside;
1978). The daily number in the same area peaked at less ;han &OQ
active nests in 1979 (Bietz: 1980) and at- 43 occupied nests in 1982
(this study). Wherees "tvpical" clusters range in size from a few to .
. more than 100 nests (Keenleyside, 1972; Bietz, 1980; tbis study, 1981),

. ‘ \
the largest 1982 group ponsisted of 16 nests, ;ith most clusters
"containing fewer than 10 nests. The range of group sizesvwas therefore
rather restricted and the distinction between central epd peripheral
nests was perhaps not very meaningful in this case. Solitary males
comprised a greater proportion of the 1982 nesting populatioe ;han
pseel (247 as opposed toléietz' value of 37 (Bietz, 1@80)). These
facts lead me to suggest that,;982 wae.probably not "typical" for
longear reproduction, and therefore the rgsulte shou}d be interpreted
with caution. The reduced population size and atypical c;uster

formation may have mitigated male competition and female cholce and

accentuated other factors affecting male fitness.
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The genetic variability in this populadtion is lower:..than pub}&ébedlff L
. estimates for ldngear and other sunfish (Avisé and Smith, 1974ay b; - . CNOY

Bk “.' : T A ’ . ~\. . . l‘\:-‘\ \\\ - .t‘ r, ) ’ ' k '

Avise, 1977). Avise reported an average heterozygosity (*SE) of 0.122°
. - .. ? - N . . . > NN N

i L . . N R RS

+ 0.012 for aqotbg%«lahgéar popg}atibn sampled at_l&\loci, which is

v . ¢ N

considerably higher than my valde-of 0.03 * 0.012.' This is‘perhapﬂ P o

linked to the recent popul@pion decline, itsqlocatién near the northern
T PR i Z‘“ - s . - "
limit of itg range (Gruchy apd: S¢ott, 1966; Scott. and Crossman, 1973),

5 L . "

G e T B o o .

.- ther 50-year-old dam !.8km downstream restricting gene .flow wi;q other B
populatioﬁéghor a possible;prévious population bottleneck (Neizég aT.,'ﬂ‘-“;g?n
1975; Gy;lgnstéﬁ et al., 1985)iviF6f non—monomorépipdloEiﬂ only:, . D e PN
homozygotes for the-common allele and“a very few heterozygotes were’ A
ever discovered, thus imposingfhnseygie_ii&itaéion on'sgm@lgési;es and, N =

“ number of unique male phenotypes availqple:fbf:the paterﬁfty 2 ’
males would_y;eldf'ét‘best, a coﬁséé%étiﬁe estimate (rathef;ihan an

- , L - / “""",’

exact value) of fertilizapioﬁ‘étealing éucceSs{ for idéatical‘males as L

! o

a group. Expepi@éntatioﬁ wi;hiqnljf§wo or three ungqué.mél§§'wouf&&‘

.- e e - Do e

create a highiy unrealisﬁiéhéituation, given that several neighbqq;sibif

Al . - *

and satellites may-intrude in afﬁgftidular nest. Sperm-édﬁpégitibh',

T RO o R TR
- would be greatly reduced,-which would yield inflated estimates.. . -7 .~
fgc%f R ,,1_n~-h1:'z. N 5 y
. Lot = ‘rA“. ~.
i i ‘.'.‘:f"' : - B ‘ " ¢
J7 . ’
- ('V - s - o - _— e
. . LT
. - . “
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4,2 Reproductive .success of group nesters -

T 4.2 Spawning success

- T~

I have drawn primarily on the 1981 and Bictz' data to evaluate
each éf the factors ﬁypothésizea to iﬁfluencé‘the reproductive success
of sgcial nestérs.

Although.the 1981 multivafiate anglyses did n;t point to- group
size as an important factor, differenc;s in spawning success among the
three groups are apparént (Figuré 3.2D). This.is true even after the

. ‘
influence of other predictor variables on spawniqg success is removed
for example, the partial-c;freiation coefficient between group size and

spawning time is -0.272 (p<0.005, 110 df). Males from the largest

group were less successful than others, despite being laxger; on

. average, than members of the other two groups (Figure 3.4B; weight: p<

0.005;5 age: p>0.05, F-tests with 2 and 54 df). Female choice need not

a

be invoked since these groups were sequential, the largest representing

the first spawning attempt of the season. Perhaps ﬁéﬁgx:females, and

67

only the 1arge% males, ripen %frly.in the summer. Members of the other -

g
[]

two groups in 1981 enjoyed, on average, qual success., Bletz' 1979.

<

maies, the measure of success being in this case the acquisition of

larvae rather thdn the amount ¢f spawning (Tables 3.5 and 3.6). Bletz

A

). W
o ’ ~

. the’same data," but includiﬁg*solitary nesters as well. - He regressed

e . R . !

v . . : \ ; g
J data show no group size difference 'between successful and-unsuccessful

. +.€1980) reached different conc{;sioné with an analysis of covariance on



number of successful males against their group size, for each spawning

a

period and found all slopes to be less than 1.0,-indicating a

decreasing proportion of successful males with increasing group size.

I suspect that these differences stem from the inclusion of solitary
: <

males in the analvsis, most of -whom were successful and would therefore
lower the estimated slopes. Whichever interpretation is adopted for

Bietz' data, it is clear that females do not prefer larger groups.

Within the restricted range of group sizes in 1982, successful males

N 4

.tended to nest solitarily or in small gr6u§§ (Tables 3.3 and 3.4), and
the number of larvae that a male obtained was negatively related to his
; A '
"group size (Tables 3.8 and and 3.9; Figures 3.11lD and 3.13B).  However,
{ - -
the largest groups were found early in the season (spawning period 1

and 2), so that once the influence of spawning period is extracted, the

partial correlation between grou% size and larval abundance is no

longer significant (r = -0.1493 p>0.1, 106 df). Taken together, these-

~

results fail to support the prediction, stemming from a sexual
selection hypothesis, that females should prefer large groups; whebhef

it be for the wider range of males, minimized fsearching and selection

7

time, or simply greater conspicuousness (Wilson, i975)L

I -transformed the original'centrality‘scores into a binary
¢ ) :

variable (section 2.1) for two reasons. "First, scores are not
L]

68

‘c.omparable between groups, be@ a function of group size. -This would -.

<+

ré&uire a sepafate analysis for each group, which the samplars@zé—to—

a
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variable ratios, particularlv in 1982, élearly precluded. Second, the

centrality scores often formed a nearly linear hierarchy among nests in

a

a group, with very few nests assigned equal ranks. I thought that this

was a too fine-grained measure of centrality. 1 arbitrarily selected

\

the median score of each group as the cut-off value, with no a priori
reason for selecting alternatives. DNonetheless, I subsequently
experimented with several other methods of defining centralitv. I

N ’
tried using standardized centrality scores, partitioning centrality
into_three (rather than two) categories, varying the proportion of

Lo L=
central males in the group, and finally, standardizing map coordinates

of all nests in a group (to improve circularity of the cluster) before
superimposing rings ;f various thicknesses on F?e‘map to delimit '
peripheral nests. I then repeaked the PCA on the predictors of !
spawning'succegé (Table 3.1),‘succe§sively replacing the originai
definition of.centrality (sec?ion 2.1) by each of the new
classification schemes listed above. There were no detectable
differences in results among analyses, inﬁicating that thé'definition
oficeﬁtrality adoéﬁed in phis thesis was suitablenl Central males
enjoyedhgreager spawning’success than ée;iphergl males in 1981 (Table
3.1, Figuré 3.2A); This is true{eveﬁlonce the influence of other
predictér variables on spawning success 1s reméved : for example, ;he
partial correlation between centrality and spawning time is significant

- at the 0.05 level (r = 0.210; 110 df), Bietz' 1979 data clearly show

that central males were mdre likely than peripﬁeral males to obtain



larvae (Tabiés 3.5 and 3.6). Again, his intérprecétion of the
importégce of centrality, based on.his datg, differs from mine since he
coAcluded that probability .of spawning bore nq relation to position~iﬂ
the group., He retained the original centrality scores, however, and
therefore examined each group separately. In some groups, successful
males averaged a highef score than unsuccessful males. In others,
there was no difference, and in others still, the relationship was
reversed, Undoubtedly this is partly explained by .the subspantial
reduction in the deérees of freedom assoéiated with comparisons within
individual groups, but more importan;ly, Ey the continuous distributign

/s

of the scores themselves. In 1982, no reproductive advantage was’

’

cqqferred upon central males (Tables 3.3, 3.4, 3.7; Figures 3.11B,

.3.12B) but I acknowledge that such a distinction may seem unreasonable

‘when coﬁsidering very small groups of loosely aggregated nests, 1t . can
be concluded that, all else being equal, centrality issa significant

determinant of a social male's reproductive success, and intrasexual

competition for the acquisition of central nests is therefore likely.

.

Some late nesters became central by £illing the-spaééé among .

7C

P

existing nests whereas others expanded the colony from its periphery,
“but generally, cgntial halesAbegan nesting on the firét day of a

spawning period, and peripheral males arrived later (r =‘-0.308&,p<

,

0.001). Males initiating their nest on day 1 of a spawning period
oﬁtained more spawnings than late nesters in 1981,(Tab1e 3.1, Figure

3.2B). For instancé, even once the influence of oéther predictor
L Y ¢ , .

.
Y “

o



variables is remaved, the correlation between nesting day and spawning

s

time is significant ( partial r = -0,235; p<0.01, 110 df). The

®

analvses on the 1982 data failed to reveal a significant difference in
nesting day, within the spawning perigd, between éuccessful and
unsuccessful males (Tables 3.3 and 3.4; Eht see Table 3.7). The PCAsﬂ
on the 1982 predictors of iarval abundance accorded moderate importance

to nesting -day (Tables 3.8 and 3.9) but the univariate F-tests were not

sigﬁificaﬁt (Figures 3.11C and 3.13A)," indicating only a weak

3

reprqductive advantage, in 1982, to nesting early in the period.
Furthermore, the p%%tial correlation coefficient between nesting day
and 1982 larval -abundance was‘oﬁly -0.135 (p>0.1, 102°df). Bietz'

. ‘ \
1929 dat; suggest that nesting day is the_m&sg important difference
be?ween'sucCessful and‘unsgccessful ma%es, with males obtafﬁing larvae
having initiatéd:their nest s;gnificantly earlier (Tables 3.5 ;nd 3.6).

My overall conclusion is‘that males fiesting on the first day- of a

[N

gpéwning period enjoy greater reproductive success than late nesters.

Certainly such males are available to visitiné females for the greater
- \ -

~

‘portion of a spawning peridd, whereas males.still preparing a nest must

<relinquish several spawning opportunities and may even miss.them .

I3
.

altogephéf;

1
.

To avoid disturbing the owners by collecting nest measurements, I
used maps to estimate neést diameters. .These were prébably most
o - e L ‘
accurate for group mnesters, for whom mapping grids were erected.

! ? , ;

)

Inacéuracies may have contributed to the scatter and low cogfficients'



of determination associated with this variable, particularly in 1982.

where a sizeable portion.of the nesters were solitary. THe 1981 data,
which consist entirely of .group nesters, indicated that nest diameter
is an important determinant of spawning success.kTabie 3;1, Figure‘
3,2C). All else béing equal, héwever, the correlation between nest
diémeter and spawning time is not &ignificant (partial - r = O.Q39; p>

0.5, 110 df). The 1982 data revealed no relationship between nest

diameter and reproductive success either (Tables 3.3, 3.4, 3.7 and l

3.8). The pa?tial correlation coefficient between nest diameter and

larval abundance is 0.113.(p>'0.2, 102 df). 1 therefore conclude that,

all else bping equal, females show no discrimination among males with

respect to the size of thelr nest. Rather, nest diameter influences
spawning success only indirectly, through its covariation with other

predictors of success. Perhaps females evaluate other unrecorded nest

»

variables, such as depfh or.particléxsize of the substrate, which may

affect egg and larval cohsp}cuousness and viability.

The correlations between male length or weight and male age;are
iower than expected (length! £ = 0,428, p<0.001; weight: r =.0.527, p<
5.061; 55@df),'with the size diétributiongfof.thee— énd four-year-old

malés broadly overlapping. The correlation between the 1981 spawning

success. component and the predictor component incorporating size and

age was not significant (Figure 3.3), nor were tbé/bivariéte

/

relationships between size or age and spawnigg'success variables (e.g.
. « </
Figure 3.4D). However, the partial corre}é%ion coefficients between -

1 : /
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°

male length (but not weight or age) and each of the spawning éhccess

variables were significant .and positive (p<0.02 in all cases, 49 df).
- ' , < -
)
The MANOVA on 1982 successful and unsuccessul males with size and age
! ' - .
‘ \

data ﬁé???_f? overall difference between the twp\groups of males,
é}though univariate tests'suggesteg that length and weight were greater
for successfui males (Table 3.7). Regressing larval abundance against
fhe first predictor coﬁponent from Table 3.9 indicated that male size:
influenced a male's reproductive success, but bivariate rélationships.

did not suppoft this (Figures 3.13C and D). None of the partial

correlation coefficients between male length, weight or age and larval

*

-abundance were significant (p>0.2 in all cases, 29 Qf). The

laboratory experiment aléo failed to demonstrate a reproductive’
advaﬁtage for large males (Table 3.12), probably due to minimal sample.
size and spaﬁning activity. This study fails to corroborate the

prediction that females should prefer larger or older males. However,

because size measurements were obtained mostly from successful males

Y

(49 of 57 in,198_1, 35 of '43 in 1982), the conclusi%t size ha.s no
siénificadt impact on-a'méle reproductive success should be res;ricte@
to succéssful nesters,“aﬁd the anbiased compariscn 6f successful and
unsubceésfui mdle sizes has yetifo be accomplished. Although tﬁe null.
e . ‘
hypothesis cannok'ﬁe rejectéd, trends in the predicted direction were
uéually diseernible and sometimes approachea'statistical significaﬁte.
Fﬁrthermore; gize and age tended to co;relape with tﬂe prédicto?

-

variables shown to exert a significant influence on reprodictive

73



" success, namely centrality (Figures 3.4A and €) and nesting day (Table

- Pl

.4.1), 1In addition, Bietz' data clearly show that central males were
larger than'peripheral males (Figure 3.5)-and that such males tended to

reproduce successfully (Tables 3.5 and 3.6). Moreover, the partial

correlation coefficients between male length and 1981 'spawning success
] . s

> B

{(mentioned above) suggested a tendency for larger males to enjoy
greater reproductive success. I therefore proposé Fhat greater samplé
sizes and unbiased sampling would disclose a convincing ;elationghip
bétween ﬁale size -and reproductiye éuccess.

The possibility remains, of course, that feﬁales are not
evalu;ting malé quality, or“t%at they do so by assesginé other
phenotypic traits such as colouration, aggression or courtshig
intensity. Behavioural cues in particular might reflect not only
competiti&é but also p;rental abilities. Some authors (Loiselle and

Barlow, 1978; Kodric—Brown; 1981) have ‘compared teleos; breeding

.aggregations to bird leks, arguing that paternal care, where it occurs,

arose as a coincldental 'extension of maintaining territoriality to
attraot additional mates. Kodric-Brown, for ~instance, does not

consider incidental protection of the brood to be parental investment.

.

‘Whethég or ‘not- such 4 view is- justifiable should not derogate the

possibilit§ that females evaluate parental abilities of potenéiél
\ .

@atés,.using behavibural'cueq as well as physicéﬁ traits, in lekking -

fish species that have extended paterni} care, presumably in response
» : : . ‘

P ’

to predation pressure, befond the spawfiing phase.

s
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Table 4,1 qurelétion between male size or age and .nesting day (n=57,

>

1981; n=43, 1982).

CORRELATION COEFFICIENT x

(@)

¥ .
VARIABLE 1981 s 1982

Length : T -0.404. 7 06190

y‘h o . Q . . N .
y ‘ . (M0.002) . (=<0.001)

A

Weight . : R . ‘_‘__0.3'94 ‘ _‘0,.59,5': - ‘
T 0.005) o (=0.001)

:Aéei~ -'—_' T _6,0_59. '. : : -—O"‘i% | -

v . ’ o (>0-/5) . ’ (<0.005) ’ . N

.‘(’l‘) ."’




#

quite supcessful since intruders usually-slip in between the spawning'«'

. spccessfulj“the-gains,df losses incurredfby:nes;ing,mélés-caﬁ be -

4,2.2 Fertilization stealing.

I presumed when I collected data on reproductive success (épawning

activities, presence and abundance of larvae) that I would 1ater,obtaiﬁ
estimates of fertilizafion stealing success, which would be taken into

consideration when comparing the fitness of nes;ing.males. This was '

¢

not accomplished and I wmust ‘therefore assume that all stealing attempts

&

have equal probability of success, regardless of their author and
number of concurrent intrusions. This probability may be insignificant

if ‘the owner's sperm saturates the nest and dilutes intruders' milt

before fertilization occurs. In fourgpecies of sunfish, the

" fupctional life span of sperm was estimated at ‘about one minute

~

(Childerg, 196]) and if longear sunfish sperm is equally viable,

N

~dilution is quite likely,‘provided that fertilization is not immediate,

If, on the other hand, fertilization is iﬂstantaneoﬁs, stealing may be

- -

fish ‘and therefore the 'sperm closest to the female's vent-is 1ikely to.
be the 1dtrudér's; I do not kﬁow which'possibiliﬁy is'corrééf and’1

cannot ascertain whether males who 'spawn-much’ but receive many

-, : o ) - ’— 'IJ«
intrusions are more successful than those’who spawn little but.receive

few “intrusions. Nonétheleéé,'aséuming that ail;;ﬁtrusidns'aréLeqﬁally

© e

4
C,

) qompé}ed, and Bietz! hypothesis that "unattractive" males increase E

sfealihg from

their reproductive-sdcbeéé‘by 1oining'preferrgd males and
‘ T S . s -
them can be, tested, .~ ’ a . o : ’ oo

P
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Late nesters within the spawning period who accupied small and

-

peripheral nests accomplished very little spawning and yet did not

compensate by stealing many fertilizations from more successful males.
In fact, tﬁey#generally perfqrmed fewer intrusions than successful
males (Figure 3.6B). -This in {tself does _not invalidate Bietz'

w

hypothesis, especially if these‘males gain fertilizations, i.e. perform
more than they reéeive. Only half of all 1981 nesters profitéd from
ferfil?zation stealing (Tabie 4,2) and only about half of these. were
peribheral males (who, in general, attract few females). Fifteen males

performed as many intrusions as they received and the remaining nesters -

received more than they performed.' Therefore, peripheral and central

3
-

. males enjoy a similar probability of gaining fertilizations, and this A

pfobébiiity is only 0.5, meaning that on average, peripheral males ,

P

neither benefit nor lose by joining successful males. However, if they

’

————

cannot otherwise achieve any spawning, théy certainly do no worse by /

joining a group, and in fact run a 0,5 chaqce of doing better. They
méy élsd gaisrvaluable-experience for future nesting attempts. Perhaps
peripheral males hre méking the 'best of a bad sitdation' (Krebrs and
DaY}eé; 1981) and Bietz} hypothesis remaihs plausible. L -
Cépﬁralﬁm;%es, on av;rage,‘neither gain nor lose from intrusionms, -

which raises’ the question of why attractive males remain in nesting

groups. As Bietz (1980). pointed out, the high spawning ynchrony
4 | LA s e -y

within the study site area'may discourage central,‘early—nesgingfmales

from abandoning their nest when joined by "unattractive” males to

!




Table 4.2

intrusions in 1981 (Gain = Intrusions Performed -.Intrusions Received).

Central Males

Peripherai Malesg

TOTAL »

7.8

Numbers of social males having gained or-lost nest

\/ P
NET INTRUSION GAIN TOTAL
+ 0 - \
26 6. 25 - 57
. ’ ¢
32 9 17 58
58 15 42 115
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renest solitarilf, because they would then become late nesters and run
the risk of not spawning at all.

It seems curilous that feaale§ should choose males nesting early
and in central positions and remain in théir nests desbite

fertilization stealing from neighbours and sateliiteé, because fhese

k3

intrusions may effectively counteract female choice. However, if the
" : A

ability or tendency to steal fertilizations successfully were
heritable, a female might do equally well by investing in male

offspring who would also be successful with this béﬁaviopf-éé'she would

by producing "attractive" males, or perhaps by balancing the pfoportion

of .each type with their relative fitnbss"(Alcockx 1979a, b). She would

do even better if successful intruders were also dttractive tq females

for other reasons. This reasoning may explain the frequent instances

in which females at last deserted a heavily intruded nest only to spawr
with one (or more) of the intruders.

In 1981, the 12 most §uccéssful'males (1Q7 of neéting males)

garnered 407 ofithe spawnings, with the first six obtaining 227 of’ the

females. Sixty-four percent of all nesters spawried at least once. The

. variance in male spawning success is therefore lower than that commonly

seen in 'true' leks, where less than 107 of the ﬁales-may perform over

75% bf the copulations (Wilson, 1975). This discrepancy sﬁggests that

‘sexual selection may be less intense-in soclial longear sunfish than in

true lekking species, where the males invest nothing but sperm in their

{
J




R S - L . _
offspring and are -‘therefore iikély to be more stringentiy evaluited on

their genetic quélity}(Borgia, 1979). 1t should beliémemberéd, L

»
.

however, that the-above, statistics. take neithér satellites‘nonﬁphe

®

possibility of bachelor males (reproductively inactive’édufts~(w1r§g,~.

1981)) into consideration. The percentagé of successful adult maléé.

‘may‘therefore be much lower than I estimated. S

2 ’
IS

@

In summary, females discriminate among:group members, often .

leaving a nest without haQing clircled with.the'coﬁrting ownéf; and e

° F

" “spawn more often with ea;ly—nésting males occupying central nests, o

v § ~

Among these males, size has no prominent effect on reproductive

. success, but the unbiased comparison of successful and unsuccessful

A .o ta

males was not achieved. There are, however, several indications that

~

- successful males are in fact larger, which syggests intrasexual

S

.

competition for early occupancy of large central nests. Females may

also evaluate other, unrecorded, male or nes;vcharacteristics.-

- ¢ ° -

Although early- nesting males perform more intrusions than late
&

nesters, both categories have an equal chance of galning-or losing

fertilizations. However, intrusions may be the only possibility of -

v -

’ I

success for 'unattractive' males and_thefefore, despite the lack of net

_profit from fertilization stealding for these males as a group, I do not - B

-

reject Bietz' hypothesis. - ‘ S : R

-
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' 4l3‘ Reprdductiﬁe success of solitary nesters

‘constquence of moderate female prefeérence for large males: solitary’

: o o . >~ ‘. R

The multivériateﬂgﬁalyses'bf'the 1982 data indicated a

. .
«

repfoductive ;dvantage’for members of small groups and for solitary

4 ’ o
flésters. An ANOVA nevertheless suggested that solitgry males were no
more likely than central or periphergl group males to obtain larvae (p>

0.25, 2 and 118 df) and the univariate comparisons présented in Chaptef

L

.

3 (Tables 3.3 and 3.7, Figures 3.11B and 3.12B) all failed to
demonstrate a'significant:reproductivé_superioriﬁy for solitary
nesters, although the trend was consistently discerﬁible. My

conclusion,is(ﬁhat solitary males enjoy a slight reproductive advantage

*. , .
over social nésters,.albeit less striking than expected. Although I

collected no behavioural evidence, this advantage may be the direct

males were significantly larger tHan social nesters (length: p=<0.05;

weight: p=<0,025; age: p>0.1; F-tests, 2 and 34 df).‘ An'SNk multiple

‘range'test (Zar, 197&)(revealed tﬁat.péripheral and central males did

not differ in size (p>0.5) ‘but that both types were smaller than

' éoliféry nesters (pt&0.0S in both cases; 34 df). fﬁcidgptally,'if

puieiy'stochastic events détermined whether or not solitgry-méies

~
~
v

retain their nesting,stétus thrqughodt a spawning period, no size-

difference between solitary and\Ceﬁtral males should be apparent.

) - RN .

‘ ’ C N = 4 '
I did not record spawning activities of sofl;ary males but 1

‘' )
A
L

witnessed a few instances and never detected any satellites associating
€ .

- D
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with these isolated nests. Tﬁis}\gpupied with thé absence of nesting

neighbours, suggests that fertilizﬁtion Qtéaligg atteﬁpts are rare or .+

' - . o . . . _‘\
absent in isolated 'mests. All or nearly all larvae iﬁ“suph\? nest

® 1

R wQUid therefore be thg-owneris of fspring, a.mosf ﬁnlikely situation for °

d . ¥ i

social nesters. Even 1f iarQal abundance were no greatér in sblité;y . '
than in aggregated nests, the greater. likelihood of paternity -would. = =~

still entail higher reproductive success for isolated nesters., ™ It

A .

éould»of_couxse be arguéd that -because group members neither”gain nor

- . P

lose, on average, from nests intrusions, the enhanced certainty of <
o paternity associated with solitary nesting {s a disputable benefit.

However, very few individual social.nesters in fact balande the numberw
. ] . ) L/
of iqtrusibns receivéd vithithose performed, but dnstead run as+great a

~

risk of loss as of gain. In contrast, soligf%y males evade this risk . .

N Yo
(unless, ;E course, they occasionally E&f};f/iqtrusions.ﬁrom

satéllites), and‘although they necessarily relinquish the opportunity

v . . - R -

’ ' .'(-._ N i IS
to steal fertilizations td enhance their fitness, their attractiveness
£ ’ N ’

to females is apparently sufficlent to procure them greater success

tﬁan'théy might achieve within nesting aggregations. C .

a
.
4
¢

"'In”summéry, my findings agree with the hypothesis that large males
are attractive to females and that such males should nest sdlitarily to

* avoid spawning -interference from other males, Solitary males are
. I

larger, they'fend to obtain more larvae and probably enjoy greater

éertainpy of.p&tefniQy than do spciél males. This greater success was :
. - ) A

- i

v

a




evident despite the_"abybigél 1982 Breeding'seésog,,where solitary B

. N ‘4, S
- nesters‘comprised an unusually large proportiomof the §reeding\ - P
a - y _ o ) -

populafion. Individual solitary males woulé most fikely have enjoyed'

an even greatq;~aifferéhtial in reproductdve 'success had they been

rarer relative to social nesters. ' - "_ ) > T
: ’ PR ’ .. i y
‘The 1982 data pointed to spawning period as the most impor#ant k

<

predictor of male reproductive success. This variable undduﬁted;y
reflects climatic varlations in water .temperature op»flow.f A drastic-
. ‘ . . ¥

drop in water temperature or increase in flow, resulg}ng g%SF cool

.weétﬁer agﬁ'heavy rains, oftenﬂQrdﬁbted{fungal‘grééth on, the eggs or

washed out the nest contents of most longear nests. Such occurrences
L] ’ Ed .

- N * i ~
. were common early in the summer,®partigularly during the ﬁ}rst breeding

v

' attempt: and the likelihood of successfully rearing larvae therefore

improved as the season progressed. Other stochastic environmental

>

perturbations during either year of field WOrk,undoubtedly aécouﬁt for

o

some of the variation in reproductive success ieft‘dnexplained by the

selécted predictor variables.

4,4 . Costs ®nd benefits of‘group'nesting'

™ * ’ , . . ‘ ’ ’ . .
N . ’ ¥
| ! . D . ’ e
Grouped nestérs unquestionably invest more time and energy in’
< EY . N
intraspecific te rié%fial defence than do solit&ry males. Most of %&e ( S
. » s 8
time not channeled into nest preparation, courtship or spawning iz « ° - - S

“gpent circling in the nest, performing aggressive displays, bdf%ipg or

. . T &
.

ﬁ’\?

bt e an B
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=mouth—fighting with nesting neigﬁbou;s. I never noficed any imMjuries -

oy that could haye~reéulted from such ihteractions.’
- o SR . )
Competition for food resources 1s unlikely since males were never

‘seen leaving their territory to feed. They occasionally nipped at the

. -substrate between nests, probably ingesting small invertebrates, but

~ h “~

seldom did so within the confines of their nest, in which case thefﬁ -

presumably removed infertile or fungused eggs;, I have not examined
stomach contents to verify this.

I do not know whether competition for mates is intensified for:

.
Y .
[

group nesters because I have no data on frequency of female visits to

. * |

. solit;r&_nests. Even 1f’ the avefage visit Fafés were-identical for
. solitafy and gro;p nests, a female might cénceivably reject an
attractive(social &ale,.whbm she would normally accept‘were he
‘solitary, simply because she has siﬁglkaneously‘enéountered‘an even
'betéer neighbour. Th#s could rep%gsent a cggt to all But the most
- - aftracgive social nestefs. On the other hgna?\kf groups allured a
dispropdrtiqnate number of females, availability-gf the latter might be

‘enhanced for social males, although the existing data do not support .
PP - < e \ "

this possibility (Figure 3.2D). .

o

+

Nesting aggregations are probably moreé conspicugus than isolated

‘nests to predatorsﬂ which may heighten the risk of predation for social

fu

adults or their broods, On the other hand, group defence mechanisms
“ ‘ ' v
ma§ counférbalaﬁpe such a risk (see below). Althbugﬁ I did .not - :

. investigate the importance of predation pressure, I neVer witnessed




A

nesting.

'systém may- have resulted fréh\limited“habitat. Bietz' demdnstrati

predation attempts during my oBse;vat;ons, and very few malesg

3

. Y

'abandoned' their mnest after having acquired eggs. .Creek chub and

common shiners continuously swam about longear nests but were never:

e : : | . -
allowedéaithin while 'the owner was pregent. . If T removed a male from
- : .
his territory, they invaded the nest within seconds and nipped
répéétedly at- the bottom for several minutes, nesting neighbours rarely

attempting to evict them. The only egg predation I observed in

ogcubied nests-was by conspecific(females who, as described by

‘Keenleyside (1972), entg;ed the nest, being courted by the owner, and

suddenly snapped at the bottom instead of proceeding with spaﬁning.

The male promptly chased them away. Females proﬁably'canhibaliiéd '
. o

a4 -, :

salitary nesté as well.. The minimal evidénce of adult or egg predation

does not allow its dismissal, hoﬁever, as a significant cost of -social -

<

£

¥

Finally, the risks of cuckoldry and nest phrasitism were debated

N

in sections 4.2,2 and 4;5 and cén,be summarized by staging that sopiall S

males. are as likely to lose as they are to gain fertilizations,from ’

-—
T

7/

nest intrusions, which connotes a subs&éntial risk to-males capable of
. i o R , /( . M
s . \

éttrac£ing'females, whereas males who would otherwise fail to reproduce’

5 + . . R

can do no worse. o o

Before enumerating the potential benefits of nesting aggregafions

1. must emphasize the remainiﬁg pohsibility that the existing breeding-

bn of
Y

presently uﬁused’yet'suftable nesting habitat at the Thamesford site

4




. "does_not mean that. ample habitat has alwdys been available, especially

. 1 B .
if one acknowledges the recent population decline at Thamesford.
Furthermore, the present breeding system may have evolved under

different environmental circumstances and in mofe southern latitudes,

~where this species 1is relatively abupdént, before it expanded its range

to‘Canadian watersheds.

' ", Benefits of'g;oup nesting are very unlikely to include enhanced
foraging efficiency. Nesting males were never seen leaving their

territor§ tqlfeedﬂ Males initiating nesting aggrégations might

concetvabli'select substrates harbouring an abundant invertebrate
- v - '

1

fauna, but solitary nesters certain1§ could do likewise.

Group members may benefit frdm:efficient predator defence.

Neither Bietz (1980) for 1 observed an&,predafiog attempts on nesting

. .

males, which diminishes the plausibility of adult grotectién being'a
. ’ | o . g

.significant advantage of socia}’neéting. I- witnessed brood predation

only when I'rémoved or disturbed the nest owner, which suggests that

—
’

males can effectivel&‘déter.bropd predators. This mhy, howeve;,'

necessitate a substahtial eﬁergy ekpendifure by solitéry males, which

can be efficiently reduced by cooperative defence.’ Social males in

.

fact often combined their efforts .in chasiné cyﬁﬁiﬁi&s Qpproaching

théir,nésts.bun,toleiatedxthgm if they remaingd éiése to the water

' -

o

surface.- Although I did ndx opserve nesfingfgfoups.con;iﬁhbusly; 1
never saw other épecies_kﬁqwn to’ponshme longear eggs'or iarvge,'sdch
@ Lo ) : —

és’snapbing turtles or white suckers (Keenleyéfdg, 1972; Bietz, 1980),
7 , . ) . g -- . . i
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3

' approaching nests or being mobbed by nesting males. Although the

economy of energy may be considerable for social males, predation does

© mot, superficially, appeé; to be a pressing.force favouring group

nesting. -In cdntrast, ﬁesting bluegills decidedly gain protection by .-°

aggregétihg, since solitary males Zuffér the highest rates of brood
loss, fdllowgd by periphéral‘males, who apparently éhield central nests
from many predators (Dominey, 198la; Gross and MacMillah, 1981).

Rigorous examination of predation intensity in longear sunfish is

a

-essefitlal.to resolve its importance in the evolution of group nesting,

4

The argument presented with regard to possible habitat consttraints
during the eﬁolutionary past of loﬁgears may -also pertain to predation

pressure, Perhaps pfedétioﬁ was very influeptiai, under the

<9 Al

_evolutionary circumstances of this species, in shaping its mating

4 >

systeﬁ, despite its present, apparently tempered, importance at
Tﬁﬁmesford.
&
The amount of variation in male success explaiﬁeé by the chosen

predictor variables (rz) was minimal in all analyses, which could be n

construed as evidence that sexual selection is not the only, or perhaps

- not even the ﬁajor, factor leading to social nesting. -‘However, several

points deservé'mention, Fifst, Goff (198@)-corrédtly pointed,dut that

coefficients,of,determination are expected to decrease when

.

.reproductive success 1s estimated ldate in the brood's development -

(instead of recording number of females, pfesenCe'gr number of eggs)
because additional ecoiogicél, behavioural.or”étochaatxgﬁfactors may

o

87
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3.1.1). Another plausib}e explanation’forkﬁﬁé

other vital determinants of reproductive success, which could account

88

~ progressiVely come. into-play énd.alter offspring suryvival, Aiso;‘most

studies that used multiple regression to examine reproductive success

-

neglected to éonsidey ﬁaf&ial (and. often considerable) correlations

i ' . ) T

between the-various predictors used, which can'dramgtically inflate the
Rzlvalue (Wonngcott and Wonmnacott, 19815. Fuftﬁenmare, réstricting the
predictors to -the first one' or two, rather than all, princiﬁal
components reéﬁigs'in.some loss of information, which can diminish the

amdung'qf'vpriétion explaiped. For example, PC-1 from Table 3.1

summarizes only 407 of the.structure within the set of predictors, yet

1

was used as the sole predictor of nest intrusions (Figure 3.6), because

.

subsequent components did not appear to be ipterpretable:(see set¥ion

2
low r values.is tha;

%

for a significant portion of the unexplained variafion, were not

measured, ' The importance of climatic condiéions, stochas;iq events,

and predation has.already been discussed, and the inclusion of thes%

factors in,the analyses might drastically improve analytical

' 2
efficiency. Nonetheless, the meagrgj} values do not lecegsarily dimply

*

that female choice has minimal consequences on male success. Female

choice does not need to-be extreme to operate., A slight reproductive

° 4

. advantage conferred upqﬁ’the possesgors of a certaln trait is

©

sufficient to'resulf,in'diréctibnal selection on -that' trait. For :

éxample; female figfpnence-fofvslfghtly larger males, all else being

P
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’,

t

- " T ° - -
equal, would lead to greater male size, provided that the preferred
males enjoy.a;_least a sligﬁt reproductive advantage.

The "above arguments lead me to-suggest thatc sexual selection,

albeit less intense than expected, is operating, and at least partly
responsible for the existence of nesting aggregations in longear
sunfish, In this case, however, males may have been a relqtiveiy great
driving force in shaping the mating system. Although Emlen and Oring

, o X /!
(1977) state that female interests should weigh more heavily than those
" of males in the évblutioniof mating systems (because of their greatar

. . R _
investment), this may not always be the case in species where males
aléq‘invesf heavily, by providing extended parental care, for examplé.

“In such‘éaseé,‘males may be major bperatoré,.females being ineffective

in counteracting masculine input, .in the development of the

réproductiﬁe,system. 'Fd: examplé, 1f_small'longear‘males, ignored by

femhles,<wefe to join.iarge méles to enhance Ehéir fitness by stealing -

fertilizations as—Bietz (1980) suggestedﬁ females might well be forced
N

to. comply wich this system despite their preference for large,

originallylsolitary males, because such males would become~very rare or

absent, The‘cbsﬁs of aéqgch}hg for them would become prohibitive, and )
. e / -

many females doing so would fare poorly of fail to reproduce altogether’

«

o

" because of intense.female c0mpetitibn. Females.could instead

comﬁromise by spatming primarily with the largest, early-nesting

'ceﬁtfai males and toleratidg iritrusions from less attractive males, yet
spawnng‘oppbrtuniéticaIIQ with large solitary males. Relative
. . . / ' . ! - s .

e S N



frequencies of social and ;olitary nesters might fluctuate about an

equilibrium point, maintained by a frequency;hepehdent mating

>
»

advantagg. Tﬁis sexual selection scenario could conceivably explain'
the éxistence of nesting groups, the differential spawning success of,
their members, and the slight reproductive advantage discerned for

solitary nesters, The self-interests of large, attractive males have

been discussed prevjiously and can be summarized by stating that they

-

should endeavour to nest solitarily but §ﬁou1d not abandon their nest

if joined by less attractive males. As for the 'unattractive’ males

'3

) nesting ¢close to the preferred males,pthey could do no worse, and run

the chance of doing better than by nesting alone (or not at all).

1Y

S

4.5 Alternative male reproductive behaviours

<

9

1 had aspired to resolve whether satellites, social and solitary
males belong to distinct factions 'of the population, each adopting a

iifelong reproductive strategy, or whether the different behaviours

represent alternate or sequential tactics employed by all adult males.

I captured, tagged and measured only six satellfte malés, who were

never recaptured, They were one or two years old and, as. all

-
'

satellites, Histinctly smaller than any nesting mqie. This does not
provide reliable evidence that satelliteg eventually become
\, erritorial. Perhaps théy suffer severe mortality rates and mever

>

“attain nesting size. 'Althogghxthe validity of this technique is

90




oA

~ . ~ . .
s

questionable, scales from nesters never bore growth checks associated

with reproductive effort between the origin and the second annulus,

I 4
¥ »

‘ suggesting that they had not bred, as sateilites oi‘otherwise, until.

wo

their third year, ..These observations provide (insufficient) evidence

v

that satellite and territorial behaviours represent mutually exclusive

reproductive péthways. The more reliable back-calculation of growth

. 4
rates, used by Dominey (1980) and Gross and Tharnov (1980) to

E2) -
demonstrate the existence of distinct pathways, could not be executed

B}

with this population:xto do so requires the capture of both

reproductively active and inactive young cohort males. The faté of

S

satellites therefore remains unknown.

I have evidence (section 3:2.3) that nésting males breéd more than

o

once 1n a season and that they may switch nesting status betweén
breeding attempts_(Table 3,11). Tﬁey probably do so between seasons as
well, but tagged males were ge;er seen in subsequent years. Tabie 3.11
invaiidates the proposigién that sohial and solitary nesting ére
mﬁtually exclusive nebroductive behaviours for indiyidugl male;,

despite the observatibn éhat solitary maleé are, on aberége,'largef

than social nesters (Tabley3.9; section 4.3), These facts céééu; with
Bietz' (1980) model, which predicts that. attractive solitary’maléslﬁill'.
not'alwaysAsucceed £ﬁ méintaining thelr nesting status. I do not know
‘wﬁat proportion of males normally renest‘during'a breeding season.ﬂ

Only 12 of the 43 males tagged in 1982 were seen renestiﬁg; The ‘others

'_may have died, emigrated, or nested only oncel Parhabs‘the‘reneéters

9 . Lt , ¢
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Renesters could save time by sweeping the silt off their old nest

would net havq'attemp;ed Sreeding again, had“I not collected their
o .
larvae. On ‘the other hand, second attempts may be feasible for-maléé

in good condition, although figuré_B.lA reveals no size difference
. N : - ) . ‘\Q
between renesters and other tagged males. If renesting is in fact
PR Y . - -
common, it seems_odd that most qales abandéned their first nest,

particularly if their breeding attempt was reasonably successful.

4
1nstéad of excavating a new one, Perhaps they wére relocating -in an
)

attempt to upgrade their nesting status, as the trend in Table 3.li

suggests.

I ultimately excluded satellites from my investigaticwg, but a

~

h rudimentéry comparison of social and 'solitary male seasonal success was

fulfiklédf ﬁo@evey, withou;‘detérmining the suécess of fertilization
stealing and thg genetic basis ;f ma%é behavipgr, the compaFison of
average lifetime fitness for differént'male‘typeé is upattainabie and
dis;us;ions of plausiBlgiméchanisms maintaining théifxcbégisteﬁqg

B a

remain conjectural.
4.6 Conclgsions

Solitari males tend to foster more larvae and probably enjoy'

greater Certainty of paternity tham do spclal nesters. Females exert

Eome discrimination\among‘the 1atter,~spawnipg more often with pales

nesting -early in the spawning period and occupying central nests.

28
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These males also occupy 1argé nests and tend to be large, although iess

so than solitary males. Females may also evaluate other unrecorded

¢ o

" nest and male characteristics. Although late-nésting peripheral males

perform fewer intrusions than successful nesters, males of both
- N - . - Y

categories have an. equal chance of gaining or losing fertilf;ations.

Y . 4

For "unattractive" males, intrusions may represent the only possibility

K

of success and therefore they may be making the best of-a bad
situation. For attractive males, intruéions-represent.a risk of

reduced reproductive succesg, despite the absence of average net gain .

:

% ’ s /
or losg, and these males should endeavour to nest solitarily to -shun

“this risk. They should refrain from abandoning their nest, however,

O . . ° K N ) °
when joined by unattractive nesters, so as not to miss spawning

|
opportunities. !

°

Spawning period is an important determiqaﬁt of reproductive”
success,'probably because it reflects climatic perturbations, which

squilize as the season progresses. Other stochastic events may also

o

affect egg and larval survival,

o

Intensifzed territorial defence undouﬁtedly represents a cost to

’

social nesters., Reasonably attractive males may face detrimental mate

competitiqn simply because of the proximipy of even more attractive

o .

.heighbours. Nesting groups dre probably more conspicuous than solitary

K

nests to predators, but members may profit from efficient predator
defence. No data %ere collécted to elucidate thiéﬂpoint, bQE predation

may have been a significant force in the evolution of social nestingﬁin
« . .»‘ - A
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% . ? .
longear sunfish, as has been suggested fotr bluegills. The possibility

s

‘- ‘ .
of previously limiting habitat having forced nesting males to.aggregate

should not be discarded.,

Sexual selection remains a plausible explanation for the existence

of nesting aggregations, but not because of female preference for’group'

members. In fact, females apparently prefer solitary males and members
i : b
/

of small'groups; .Rather, males may have exerted a greater influence in

shaping the presengfmating system, as proposed by Bietz, Nesting males

who are. insufficently attractive to reproduce successfully nest around

\

~

attractive males, thereby creating aggregations, to enhance their

fitness, by stealing fertilizations from spawning males.- This méy

o

‘fepresent a cost to males capable of attracting females, but the high

i

local spawning synchron& may prevent them from relocating their

terq%@ory. Females are apparently forced to comply with these

AN
Al .

pervasive circumstances, perhaps due to constraints on searching time,

. -
3 i

while persevering in opportunistic spawnings with attractive males who

were able to remain solitary. Without determining\intrusion success

‘

and the genetic basis of male behaviour, the 1ifetime fitness of

different males cannot be compared. Whether or not the relative

fréhﬁéncies of each ﬁype are at equilibrium and are maintained by

frquency—dependént mating advantages remains conjectural.

T
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Genetic variability detected in male and female longears collected at

Thamesford in 1982 and 1983.
ENZYME Y . NUMBER OF

ALLELES

o

FREQUENCY OF

COMMON ALLELE

°

% HETEROZYGOUS

[







	Western University
	Scholarship@Western
	1985

	Factors Influencing Reproductive Success Of Nesting Male Longear Sunfish (lepomis Megalotis Peltastes)
	Helene Marie Dupuis
	Recommended Citation


	tmp.1410230377.pdf.qtfNy

