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N ABSTRACT *~ - - °*
‘ ’ T - . » {

. A.lternative reproductive tacties utilized in two separate. popu]‘atio‘ns of
k “the Newfoundland male cunner, Tautogolabrus adspersus, uere mvestrgated for:
tradeol‘fs between sperm productlon a_nd somatlc growth. " One population in
. Broad Cove, Conception- Bay, consisted of parr spawning terrltorlal males and .
/ nonspawnlng preterrrtorral males A second populatlon at Norrls Point, Bonne
Bay, contarned group spawnmg nontérritorial males The parameters measured
.from prespawnmg and postspawnlng samples of both populatlons were total .
length evrscerated body ‘weight, gonad welght and age. These varmbles and a
;gonadosomatrc lndex were tested for differences between the thred reproductlve
*o . -types of males mentroned above,” Results indicated . {hat gohad-—werghts and.
| g onadé‘Somatrc 1ndrces per age class were srgmflcantly greater in group spawmng f RERE
. males fhan in preterrltorra)/males younger tban 15 years The sanfe was found for . - . Lo
gonad werght per un1t body weight at age, t]rereby supportlng the -predlctldn that '
group spawners 1nvest cheavily in sex products carly in llfe Group- spawnrng
provrdes an opportunrty for a female's eggs to be externally fertilized by many | _
males, and large_gonadaLlnvestments in group _spawmng_males_are_probably—a 2 . A

Tesult of sperm competxtxon ) o -

. - Length agd body we}ght at age of the male group spawnmg populatlon

at Norris Point ‘were significantly less than those of the _pre_terntorra_l male '

‘ population, at Broad Cove, Bod}r Size dil'ferences were slight, liowever, suggesting i

\ U no srgmflcant tradeol‘f between hlgh sperm productxon and deerensed ‘somatic '
‘ ' .growth rate. A tradeol‘l‘ between high sperm productlon and reduced longevity of -

3 ‘ - - ‘group spa'wprng males was suggested by the absence of o.lder (‘> 9 years) males at .' )

: . * the group spaWni.ng site (Norris Point) as compared tb high frequencies; of similar " ‘

aged males at the pair.spawning srt‘e (Broad Cove) Age" frequencies of females - -,

' were the same between both populatlons BT . T

. - > . ' - .
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“energy in gonads, than preterntorlal males

used 6 compare the condrtrons for\growth ‘between the two study srtes

- S T

> : . 7

° "W’i':t‘h'irrthe Broad 'Cove population; terriforial malés ‘i'nv"\ested more -
Successl'ul territorial males exhlbxte

a faster growth rate than preterrrtonal males although the- mixrmum .,total
lengths and ‘body welghts obtained were simrlar between both male types. )

Smce female eunners e\hrbrt the same growth ‘and reproductWe tactlcs "

1rrespect1ve of geographrc location, drfferences in female body srze at’ age‘were

Pomt females were srgml’lcantly smaller' in length and body ‘weight at age than

those of Broad Cove, although drfferences were shght. These observed drfferences

in female body growth may- be related to dlfferences in’ local popul jon densrty

between both samphng sites. ' F emales from. both Broad Cove and Norrls Pornt

1
-were smaller srzed per age class than ]ocal males (excludrng territorial males)

-Norris .

RS

.

% They were also heaVler “at length than resrdent males, although dJl-'fer‘ences were L
' ’/lslrght bctween sexes Nn Broad Cove. A coml)ar ison of. the mea total 1engths at
;t. : ""age of cuiners “(sexes combmedl with latrtude l'rom the. lrterature mdrcated no .
\\ * readily apparent latitudinal effect on cunner growth ' | .
S r v ' l
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: 3 - INTRODUCTION
ye 6 : Specles genera]ly use a specific ta.ctlc to reproduce (Wilson 1975). . .

. . Consequently, the c]assmcatron of specxes ‘has -often been based at least'in part
- .. on the particular reproductwe tactic utlhzed (Howard 1984). )
. ' : _ Recently, however, research on specles-speclflc reproductwe tactlcs has = - ‘A

. revealed evidence of tactical varlatlon w1thm species (rev1ewed in Austad 1984,

Dommey 1084, WaJtz and Wolf 1984) Alternatlve reproductlve tactlcs may take
‘the form of "sneakmg mafmgs in which sma]l (young) males briefly enter
; terntones defended By large (old) males and mate with v151t1ﬁg\jemales (e.g.
| Anolis lizards, Trivers 1976; s.plders, Chnstenson and Goist 1970); "satellite® o
' - residency “in which a‘younger male takes position (not detected by the older
defending@hale) in a territory and attempts to mate with receptive females (e.g. SR
Analis lizards; Trivelrs 1976; waterbueks, Wirtz 1982, water striders, Rubenstein
1084); or m1m1ck1ng female behaviour, by which smaller males access females )

¥y while avoxdmg aggression of large terntonal males (e. g ruffs, van, Rhun 1973
‘ ., bullfrogs, Emlen 1678 and Howard 1978, 1984).
\ l) - Flshesjgere among those animals in Whlch alternative reproductive
A tactics may constitute a widespread phehomenon. (e.g. Poeciliidae, Constantz™ \_
e l975; Cyprmodontldae, Kodric-Brown 1977;. Scaridae, Warner and Downs: 19-77';‘ | R _.

\Gasterosteidae, l\{owland 1979; Salmonidae, Grass 1983)." Gross (19§2) provided a

‘detailed account of two a]ternative reproductive tactics (sneakers and satellites)-in
_ ", male bluegill sunfish (Lepomas macroclurus Rafingsque: Centrarchldae) Large,
v old territorial. males build nests, attract females, remam at the colony “after - ,(
spawnmg,nwﬂl show the parental care charactenstlc of t}xelr species. Small, young
sneaker males hide behmd rocks ‘and plants, dart into a nest’ beneath the

spawning pair, release sperm, then dart out and reposmonvthemselves. A-satelht_e.
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\ ' : .
male {midramge in body size and age relative to terntohal males and sneakers) ' R

hovers.in the water‘column above a terntonal male descends slo“ly m,to the nest y

“ when’a female is present, mlmlcs females in colour and behavrour (1.e. thereby

avordmg territorial male aggression), and positions itself with the spa\\ nmg_pmr to

\. releasesperm o L S -

"Meyer (1977) reported both pa«r and group spawnmg by male WIASSeS- , :
° (Thalassoma’ cupzdo Temminck and Schlegel: Labndae) Pair epawmng mvol\'cs ‘.' ' ;
~ a large territorial male (compnsrng less than 1% of the populatron,} and a,,female T T
_ ' ~ Smaller nonterritarial males spawn in groups of. up to 150 mdrvnduals'wrlh n/ - \
X receptive female Warner and Hoffman (198‘041) also described these two tnchcs in. . - e
MR * the labrids Thalaesoma bzfasc:atum (Bloch) and T Iucasanum (G‘lll) ln-"_'; Lo

‘ addltlon ‘interference ("sneak") spawnmgs Were obserye .Whlch a small male M7 v
_ ‘ rushed into a terrltory and. joined a terrltonal male ale i in. gamete relense ’ ‘
N \ . then quickly left the site. _ . '
‘ , Conspeclhcs “may use one or mare reroductwe t;actlcs on am
" rindividual or a .population level as adaptive. alternatl LS to the speclcs "norm®,
On an’ individual level, alternatrve tactics can be genetlcally or ontogenetrcally
fixed for life in each flsh (Waltz and- Wolf 1984). Ontogenctlc changes; frcquenll?‘
expressed és age and/or size effects on- partrcular reproductlve tactlcs may be
limited in scope by. envxronmental constralnts (e g, + abundance of food in pre- o,
-maturation years). AJternatlve tactlcs can also be variable within a lifetime, or B }
‘even retersible (Warner and Hoffman 19803) Indmdual vanablhty mayw be. v Tl

' affected by envnronmental features., such a.s resourcp avallablhty (e. g defepdablhty .

of & rhatlng terr1t°ory, avallablllty of srtes for attracting females, supply of rlpe

females; abundance of food), male density in a populatlon (tbzd) or f'requency of *
S partréular tactics used by ‘other males, (Gross and Philipp” 1985) CAbL the.. Lo
‘ popu]atlon level 2 discrete, percentage of* males wrll ‘adopt one partrcular .
" reproductive tactlc for llf'e, whlle ‘a dlfferent group of males uscs an alternatlve
{Constantz ' 1975) D)fferent rcproductwe alternatives m&y “even be adoptcd
" between, rather than w1th1n populatlons (Cempanella 1975) g

vl
L
LA
"
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Theoreaal studies of 'sp-ecies' life ‘history evolution inco.rp'or‘ate
*tradecoffs" b‘etween' life histgry traits (Reznick }985). One tradeoff is the cost of
reproduction, which is fundamental in predrctrp@ the/optrmal reproductrve tactics
«utilized in any given envrronmént Although bfehavroural studies reveal as noted
abwe, the existence of alterfative reproductlve tactics in fish species, empmcal
' e;\'n‘ X dhces quantifying the costs (eg decreased growth rate, reduced parental
;,urv al) ‘and overall benefrts (e.g. increased fecundity) associated with these_
alterﬁatlves remains scant Reznrck (1985) described four empmcal methods for

measuring the c'cj>sts of reproduction. F lgt]y, studles in phenotyprc correlations

would deal with natura]]y qgcurrmg variation m reproductive effort, presentmg ’

statrstlca] correlatrons or ‘associations between some index of. reproductrve effort

and a potentral cost to the parents Secondly, direét experlmental mampu]atron ’

of some aspect of reproductron or some environmental varlab]e which' affects
‘e reproductron would " allow measurement of- correlated res;vrses in adult growth.
and survrval Thlrdly, genetlc correlatrons could encompass varratrons between o

. natural popu]atrons in addftion to. dlfferences wlthm a population;’ producmg 3

]

- quantrt'ttrve genetrc estrmat of the correlatlon of an index of reproductrv;: effort
ﬁourth techmque would mvolve an artificial ;electron '

. with some potentral cost.
eg(per-lment measurmg correlated ¢hanges.in some lndex Qf reproductrve effort
and a potentral cost in, response to selecit:on on some aspect of an: organkln g hfe
hrstory (eg an’ artlfrcral reductron in adult lifespan - selectrng for 1ncreased
I'ecundrty at aln early age plus reduced longevity). ey . : 3 '

The cunner,‘TautogoIabrus adepersua (Walbaum), ‘a common inshore
labrid I'rsh, is an- exce]lent subject for phenotyprc correlatron studres concerning
alternative reproductlve tactics because m}le cunners uhlrze two reproductwe
lacties in Newfound]and (t e. pmr spawnrng and group spaang, Pottle and
Green 1979a, Pottle el al. 1981) Specnfrca]ly, a territorial mafe (>200 mm. TL) |

.courts mdmdgal females as they swim through hrsTerrrtory Courtshrp often
culmmates in & vertrcal (pair) spawning run with both male and fernale releasrng ,

gametes at the apex Prlor to estabhshmg lts flrst terntory, a preterrltorral male

1
does not spg.wn, 1though he is sexual]y mature by the third year. A]ternatlvely,

' 0
3.

-

n
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a group spawning nonterritorial male (80-180 mm TL) courts a receptive female,

and is joined by an aggregation of 3 to >12 males in chasing the female along a -

_horizontal, convolutéd patd. The female then initiates a vertical (group)

sphwning run, which termmates with -all mdmduals releasmg gametes at the apex.

Preferntonal male cunners must attain a sufficiently large body size to

compete successfully with conspecifics for a mating trritory (f.e. in whicl

‘subsequent pair. spawnings are assured). Territorial males should therefore

allocate more energy to body growth (i.e. during preterritorial years) thdn group

spawning nonterrltorlal m&les Since estabhshment of a terrrtory is unnecessary -

for nonterrrtorla] males to gro‘up spawn, t-hese cunners should not be investing

heavr]y" in body ~growj llk_e preterritorial males. Gvep that group spawning

pr;ovrdes an opportumt’y for 'a fema]es eggs to be externa.lly fertrhzed by many

males, group spawnmg males should ]?lace more energy relatlve to pretemtornl

“males into gamete productron Thls hlgh reproductlve effort i m a group spawner

'would- 1ncrease an. individual's chances of. successfully fertilizing eggs m the

sperm lottery' characteristic of group spawmngs Lll'e history theory predlcts‘

that high reproductweaeffort in group spawners (z e. large mvestment m'scx

products early in life, as Oppqsed to deferred reproductlon in preterntorla] ma]es) '

.should, result in a decrefised somatic growth rate ‘and/or reduced longevrtya Ther

present study is an attempt to evaluate -these predictions in an- mvestngatron of

tradeoffs associated with both reproductlve'tactics of Newfoundland male_'. )

cunners.
" To accomphsh thrs two sampling sltes were selected on the basis of
prevrous research conducted"by Pottle and Green (1979a 198\) Tthese: authors

studied a cunner populatron of pa)r spawmng terntorlal males and nonspawnmg

preterrrtonal ‘males in Broad Cow% .Conception Bay, New):ound]and (1979a)
Territorial males were larger than all” preterntorlal males observed, and a l 1 sex-
ratio was evrdent No group spawnmg had becin observed-at this site durmg 15

years of cunner research (Green,_ unpubl.). Alternately, Pottle et al (1981) ‘

described a population of group, spawning nonterntonal cunners at Norrls Point,

Bonne Bay, Newfoundland. An operational female/male ratio oLat leasf, 3:1 was

a ' » v v \
’

s
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MATERIALS AND METHODS

2.1. Study Sites rl

o

Located on the southeastern side oyonception Bay (47°35' N, 52953’

WA

W), Newfoundland (Figure 2-1), Broad Cove is characterized by a bottom sloping
gradually seaward, with large and small boulders strewn amid bedrock

outci'oppings.' Seasonal growth of macrc<phytes and benthic algae periodically

blanket much of thls area. .-

Situated on the west coast of Newfoundland (Figure 2- l) Bonne Bay is"

a deep, two-pronged fjord with a small percentage of littoral area. Some: of this

\J\ttoral zone characterizes Norris Point (46°15' N, 56°30’ W), with. a flat bottom._-
top\graphy" consnstmg solely of sand and pebbles. Aqunt-lc vegetation is absent .

2.2, Samplixfg Procedhre and 'Measurements _

Y -

collected just prior to spawning at Norris PPoint on June 24-25, 1984 (Table 2- l}“

One hundred ninety-six pretlrritorial males were obtamed from Broad Cove on
July 4-5, before the 1984 spawning season (7bid.). The gear used was a collapsible
hoop net con51stmg of two 1 ;) diameter brass rings joined by 1 m of 1:3 em
(stretched) ny.lon mesh netting (Figure 2-2). This net was baited with frcshly
-crushed sea urthins, Strongylocentrotua droebachiensis (a preferrcd l'ood of
.cunners), Jowered from a boat to rest flat on the bottom, then mpldly hauled to
the surface after. cunners. had been attracted to the .bait (approx 2-3 min).

Although territorial male cunners do not enter hoop. nets a submerged\ebservcr

" was present during collectloh of preterritorial males to ensure that no territorial.

- fish were netted. Sixty-five territorigl males (z e. pair spawners) wcre collected by

e ) . - ~- ) )

One hundred ninety-four group spawning nonterritorial males were,
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n +* SCUBA divers at Broad Cove on July 6-7, 1984. All specimens were placed on ice
- immediately following capture and transported to freezer facilities at the Marine B

| Sclences Research Laboratory. (Logy Bay) e

All samples were later processed for measurements of fotal length (TL-
+1 ml'r;), body wet weight (followrng removal of digestive tract and g&ads) and
: gonad wet werght Weights to the nearest + 0.01 g were: btained using a Mettler
I’recrsa—512CCT digital ba]ance Otolith and scale samples were also extracted
from each cunner (see below), and. placed in standard scalé envelopes for s }r\a{e I Q
To ¢ontrol for possnble site-specific gro\vth differences between males
from both locatlons (e.g. due to a longer perlod of warmer summer water
temperatures in Bonne -Bay relatlve to’ Conceptlon Bay; Steele 1974, Hooper
_. unphibl. ), 195 female group spawners were collected in’ hoop nets at Norris Pornt o
o on June 29 30, ]ust prior. to- commencement of the 1085 spawnmg season (Table
e L 2-1] Elghty-tbree female pair spawners were netted prror to spawmng in Broad" .
o _CoVe on July 10-11 1985 (tbid.). Al Broad Cove females and 88 females fr(d\' oy
SR Norris Point were processed -as*deseribed above S - T “
In- addrtron to the above data, TL (+1 mm), eviscerated body welght
(+ 0.01 g), and’ postspawnlng gonad wet werght were determmed for 197 male
_ ‘ group spawners netted at Norris Pomt on October 2-3,. 1984, and 263 ;
A preterrrtorlal males detted in Broad Cove on- September 20-21 '1984 (Table 2-1). - -

Otollths and scale’ samples were also taken for subsequent agmg : A

KI 2 : PR

2.3. Age Determmatron . :' ) . o S - - | , 5
_ \ .~ - . !
A hlgh mcrdence of scale regeneratron (approx 80-90%) was observed :

,for 1ndrv1dua] cunners Consequently, five body reglons on each side. of 25, '

cunners were surveyed for nonrege erated scales Scales valld for agmg were

v Tan 2T

..'most frequently located between ro four to six 1mmedrately above the anal fin ’
. on the left side of a fish, Scale sample\s were ‘then removed from thlS reglon with | [ :
”.forceps for all remarmng fish, and -each scale was - gently.cleaned wrth K 2%. '-"\. o | ;
~ potassrum hydroxide. solution to remove adherent tlssue (Serchuk 1972], prior to: v “

mountmg betwéen two glass slrdes . Due to the extreme drffrculty in determmmg e “;;

TR
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Table 2-1: Description of nonterritorial cunner catches hauled in 1984
and 1985, between 0730 - 1745 h.

Location: |  Sampling Total # Total # | Sex Ratio
. _ Date: of Males: | of Females: | (M:F): |
Bonne Bay June 24/84 : 71 . 789. T 1125
. Jure 25/84 123 no data no data
Broad Cove |~ July 4-5/84 198 744 - 1:38
- Sept. 20 - 21/84 263 1052 | . L 4.0 -
Bonne Bay |~ Oct. 2-3/84 197 | 3783 1:10.1 -
. June 29 -'30/85 " 22 195 1:8.9
| wBroad Cove (- July 10 - 11/85 nodata |- 8 | nodata
t . R
-
a4
7 L)
t
l . ’ ) .
éi-, . Rl 1] .
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Figure 2-2:."{‘Diagr£fn of hoop net sampling gear; .
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| “age with scales mounted conventionally from Broad Cove territorial .males,
permanent acetate slide impressiong were made of these scales to increase
readablhty w1tb a Zeiss Projectina mlcroprOJector ) -

Left and right atoliths (sagittae) were extracted with forceps through a ‘ ‘
cranial incision, and rubbed to remove extraneous material. Relatively thick -

. otoliths bearing unreadable surfaces were either ground down on a #149
carblornndum stone or 'b_roken in half through the nucleus; in the latter instance
'the-broken surface was read. Otolith pairs were mount‘ed.for aging in a 111
glycerm and water mixture on black Plasticine. ,

Z - For all group spawmng and preterrltorlal frsh age was first ‘
d te;mrned on otollths under reflected hght w1th a Zeiss stereomrcroscope then -
1/\dependent]y on scales with .a Bausch and Lomb mlcroprOJector Frshes wrth
both structures mtact were used l'or age verlfrcatlon ‘between these two methods
& ' One hundred otollths ‘were also randomly reread in a doub]e-blmd
/ stud b

y George Fury, a techmcran with ‘many years of experlence aglng fish at- ,

' RS the Northwest Atlantic. Fisheries Center (D.F.O. - St. John's branch, FAFP. \'.

divisign) to obtain an estimate of observer agreemerit.

’ - ’ !

~

Lo 24, Statistical Analyses .
' ' ' |
" All data analyses were performed ‘using programs avallable in the

Statistical Package l‘or the Social Sclences (X version 2.1, SPSS Inc 1983) on th
Digital 'Equipment Co. VAX-11/785 computer at Memorial Umversrty of
° Newfoundland ST ‘ 4
To investigate whether all Newl‘oundland male cunners adopt the
same tactlcs ol‘ groxyth and maturatron somatlc and gonadal development at age
were compared “between Norrrs Pomt group spawners and Broad Cove
| -.preterntonals _Fishvages were first categorlzed into groups, each-group conta.mmg
3.age classes Means caleulated for total length (TL) body welght (Wb), gonad 3 | "
welght (W ), and gonadosomatrc mdcx (GS], see Equatlon ‘1 on néxt page) within
.'each age group were tested w1th Student’s t for d)l‘ferences between both r

populatlons' R T . . e
e T Gy

e At ot : . I .
. AR S A S S g
N TS SR R T T B o SO U S
B AT S riged ViR SRR R R O Sl oy SRR
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ﬂ 4
GSI (%) = g;onad weight (g] x 100 (1)

ev1sc§$’c,ed body w-elght (g)

* Body weight minus gona@ﬁ&, digestive tract. The cunner is a stomachless fish,

~
@

_ "
LGear regressxon using least squares was then applied to

untransformed data to descnbe TL, Wb, W g and GSI' over the complete age
range for Norris Pomt group spawning males and Broad Cove preterritorial males.
To étabilize he‘terogeheous ira,riance in ‘the resultant error terms (Dra‘per and
Smith 1981), all vanables except GSI were natural log-transformed [ln-—-logc)

Multlple linear regres?sxon with a "dummy vanable representing location was

ata pooled from both samplmg sites, .Hlerarchlcal F tests were utilized
to test fo dlfferences in the slopes and group means of the latter descnptwe_

equ atlons. . _ : :

-, To compare the proportion of energy a]]ocate.d to gonad development

L]

'per unit body weight by male ‘roup spawners and preterritorial males, natural
logarithms of their gonad welghts were regressed as above against In- transformfI

- body weights. F tests were used lo test for _dlf!'erences in the regression lin

describing each male type. Length-weight relationships using In-transformed data

“were also compa.red

‘Female - La (i.e TL Wb, W and GSI at age) from both locations
were analysed for dlfferences w1th the statistical methods described above.
Multiple linear regression required natural log (In) transformatlons similar to thosc
done on males. Length-weight relationships and body weight-gonad wclght,
relaﬂionshibs were also compared.

'Withiﬁ the Broad Cove cunner population, preterritorial males were

investigated for similarities to pair spawning territorial males (sce above for
o \ . . ‘ -

' statistical techniqdes). Preterritorial males were then statistically compared with
' rqsident,nonterritéri&l- ferhales . Differences between sexes’ in the/Noms Point

cunner population were (a\)alysed as well.




. A ’ 15 % \
. @

Croﬁ)p spawning‘males from Norris Point were studied for # tradeoff

..n*\’

between sperm productlon and somatic growth. - Ln-transformed Wg was
regressed ggainst InTL within each age class containing 10 or more males (z

B-12 years). A significant negative relationship at age was considered a priori to
be indicqiivé' of a tradeoff. Mal;a group spawners with gonadosomatic indiees in

the exlteme range of values were also separated into two cétegories. One

category contsined males with goRradosomatic indices <109%; i.e. in the range of

GSI values charactenstlc for nonspawmng preterritorial males., Males in another
category had GSIsz_l'?%, i.. outside the range of GSIs representlng both
territorial and preterpitorial males. - Body weights were plotted against total
lengths per age clasg to determine if body Sizes at age were similar between both

s il ' . * :

categories. | ' . L

! /\ - : '

'
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- RESULTS
/ B P
' 3.1. Age Determination y N : o

Age verrl’réatron bet\}een otoliths and scales from 438 fish showcd'
: 94 3% agreement Rereading of 93 otoliths by 2 second observer mdrcatcd 91.7% "

agreement. Where differences between readers.did oceur, they were generally of

only 1-2. -years. ' (

~, The age structure of each cunner population sampled (i.e.- sexes

sepai‘ate }is présented in Figures 3-1 - 3-4. )

y . . . el .8
3.2. Sperm Production . ' T

- S4udeht’s t tests indicated that ai)solute_ gonad weights (Wg)‘across)

three age groups [6-14 years) were significantly greater in Norrig Point group

spawning males than in Broad Cove preterritorial cunners. The pr'oportion of

gonad weight rel ')}'e to body weight (i.e. gonadosomatic index: GSI) in 'gng,up
spawners was signifjcantly larger than that of preterritorial males aged-6-14 years.
Gonad weight and GSI did not dilfer betwfen both male types >15 years (Table

3-1).

.
.
?
.

Regression analyses supported the abé?e*ﬁndings (for a surnmnry, sece
Appendix A). The relationship of GSI with age was different between the two
behavioural types of males younger than 15 years (Figure 3-5; P <0.001). Natural
'loganthms (In) of preterritorial male age explamed 62% of the variance observed

in In(W ), whereas there was no correlatron between age ‘and W for group

spa.wners Ln(W ) regressed agamst In(body weight) for group spawners was not -

signifieant, although they possessed heavrer gonads per unit “body weight (W)
than preterritorial ma]es (Flgur@:}-G P<0. 001). b) of preterntorml males

explamed 619% of the variance observed in In(_WE)_

..' -

{
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_Figure 3-1: Age structlre of the Bonne Bay group spawqing male cunner
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Figure 3-2: Age structure of the Broad Cove,male cunner population.
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Bonne Bay',Grbqp Spawning Male Cunﬁers. 1984:
Proportion of Ages in the Population Sample
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Figure 3-3: Age structure of the Bonne Bay female cunner population.
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Figure 3-4: Age structure of the Broad Cove female cunner population.
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Bonne Bay Female Cunners, 1985: @
Proportion of Ages in Population Sample:
04
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Table 3-1: Student’s t tests using means of TL, W‘;, Wg, and GSI
between Bonne Bay group spawning males (BB) and

.(.' ._ . Broad Cove preterritorial males (BC)- )
N :
Age Variable | df: t 2-Thail "Result: o
.Group: Tested: Value: . | Probability: o
8- 8 yrs . TL 85 -1.18, 0.389 BBu=BCpn V.
w, 85 20.52° 0.605 - BBu=BCpu S
~ w 84 8.87 0.000 - BBu>BCp bl
ast 84 8.31 0.000 ‘| BBp>BCp |~ '
T b 9-11 yrs TL 97 | . -2.00 0.039.. | BBu<BCyu AN
o - 1 W 96 -2:37 |, 0.020. .| .BBp<BCy
s iy W 95 4.02 " 0.000 BBu>BCp -
¥ g . : . .
- 12-14 yrs TL 96 8.7 0.000 ‘BBp<BCy -
o W, 96 -5.24 |, - 0.000 " BBp<BCyr
, W 06 321 |- 0002 | 'BBe>BCg .
- } 'GS% 96 | .831 . 0.000 BBu>BCp .
S '‘>15yrs TL 56 | -3.60 0,001 - | BBu<BCy" -
S , W, 57 -] -2.59 0.012 . [ BBu<BCp' P
' ' W 55 -0.98 0.329 BBx=BCp :
) ' ast 55 1.86 "-| = 0.063. BBy=BCu .
« ) E
df = degrees of freedom . N . .
# = variable mean per. age group ' . - _ Y
a = 0,05 S ' : . B

VG LY e PR . ‘e . . o Y.
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Regression of gona.dosomatlc index (GSI) on age for ‘Bonne Bay
group spa.wnmg males and Broad Cove preterntorml cunners.
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tqusion of Gonadosomatic Indéex on Age

Symbols represent individual-fish)
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Flgure 3-6: Regressnon of In(gonad welght) on ln(body welght) for. Bonne Bay

. group spawning males and Broad Cove preterritorial cunners.
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Within the Broad Cove cunner population, the regressions of GSI on
age for both territorial and preterritorial males were not significant, while
gonadosomatic index at age was greater in pair spawning terrltonal males than in -
.preterntonal males (Figure 3-7; P<0‘Okl)' No correlation was found between
territorial male age and W g althougl_] these gonad weights at age were
sigmificantly larger than those of preterritorial males (P<0.001). Territorial males
alsh allocated more energy to gonadal development per unit body weight than
.. pre -ernitorial males (Figure 3-8; P<0._001).

Al

3.3. Somatxc Growth . ' —

"x.

‘Student’s t tests revealed that total lengths (TL) and body weights
_ (Wb) for ’the first age group (6-8 years) did not dlffcr 51gn1f1canlly between Norris
.. Point group spawmng males and ‘Broad Cove. preterntorlal males. However, the
mean size of _group spawllers was slightly less than that of preterntonal mulcs
across_the remammg three age groups (_29 years; Table 3- 1) i
Regression analyses suppor&ej,‘the latter finding overo the complete age
range (for a summBey, see lAppendix A). Ln‘Iﬁ‘g.e") of Norris Point group spawners
and Broad Cove preterritorial males explained 52% and 92%, respectively, of the
variance observed in ln(TL)" (P<0.01). The same was found for In(age) and
In(W,) (Table 3-2; P<0.001). Length-weight relationships indicated that
preterritorial males ‘were 'lleavier per length class than group spawning m.ales
(Table 3-3; P<0.001).

. Within the Broad Cove cunner populat.ioll, regression analyses of In-
transformed data indicated thgt territorial males were significzlntly larger in total
length and bb(ly weight"at age than preterritorial males (Figures 3-9 and 3:'10;
P <0.001). Based on length-weight xje_la,tiohships, body weights at lenglh were
greater for territorial males (Table 3-3; P <0.01), T

Student’s t tests across -all five age groups indicated that Norris Point
females were smaller in - TL W,, and W than fémales from Broad Cove.
_ Gonadosomatic index did not, differ betwcen both female groups (Table 3-4).

Regresswn analyses ol'sln—transformed data supported thcsc resulls (for a



L]
a
N
.
Vo
o
L 4
P
-
I
T
'
e

CERREY

Figure 3-7: Regresslon of gonadosométlc mdex (GSI) on age for Brogj Cove - E
- territorial males and preterritorial cunners. co

.

. . . ‘ - .l, '/ e
. ' 1 ) -

\
-
® )
[
.
4 '
. = * .
-
r
. «
1
: ( N "
; LA
' .
. {
’
&
r 0 » t
s i
o
. .
. 5
- . £
.
!
. ' . . 3
T e T Ce e "y v
=M«.». -s’:"“‘- NI Fo S A T R AU ; . . .
Sl A el iR L e T CARNA [ 3oy - S




T SR PR .
T e
LA :

GSI (%)

Broad Cove Preterr. and Terr-Male Cunners, 1984:
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Regression of .Gonadosomatic Index on Age
(Symbols represent individual fish)
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Broad Cove Preterr. and Terr. Male Cunners, 1984:

Regression of in(Gonad Weight) on In(Body- Weight)
(Symbols represent individual ﬁshg
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summary, see Appendix A). The 'relationships of TL and" W . with age were

" significantly different between the two populations of females (Figures 3-11 and

3-12; P<0.001), while 87% of their variability in each parameter was explained

by In(age). Ln(age) of. females from Norris Point and@_r_oad\Cov_e explained 80%

and 84%, respectively, of the variance observed in In(Wg), and both relationships
differed significantly (P <<0.001). No cofrelation was found between age and GSF

for either female group.
Linear relationships describing ]n(Wg) against In(W_) were the same

. for fen\ales from both populations. Ln(W,) explained 82% and 97% of the

variance observed in ln(W ) for females from Norris Point and Broad -Cove,
respectively. Length- welght. relationships were not sngmhcantly different (Table
3-3).

Compansons of In-transformed TL and W, at age between females

and males within each populatlon revealed that group. spawnmg males at Norris

" Pomt were larger than resident females (P<0.01). 'Based on length-weight
_re]ationships fema]es were heayier per length class than males (P<o. 001)
, Prcterntorlal males in Broad Cove were ]arger in TL and W at age than females

(P <0.001). Length_—welght relationships indicated ‘that females were shght]y.

heavijer at length than preterritorial males (Table 3-3; P"<0.'05).

| An investigation bf a tradeoff between sperm production and somatic
growth in Norris Poi_nt’/group'spawning males _showed:_that gonad weight was not
related to total length within each age class (‘z'.e. B-12 years; P=0.05). " However,
mnl'e group spawners with gonadosomatic indices < 10% (i.e. in the range of GSI
values-found for nonspawning preterritorial malgs: Cat(2)) Qere all large in bédy
size at age. {Group spawners with GSIs>15% (i.e. outside the range of GSls
representmg both terntonal and. preterntonal males: Cat(1)) .were small in length
and body weight at age (Flgurefs 13)." " '\>
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TaBle 3-2: Calculated total length, and body weight relatlonshlps at, age ‘
for Newfoundland cunners.
'» ‘Location: | Sex: | Status: Relationship: r: n:
Bonne Bay | Male '|° NT In(TL) = 4.1919 + 0.4256In{Age) | .72392 | 175
. In(W,) = 1.1166 + 1.3914In{Age) | .71218 | 175
Female| NT ln('ﬁf) = 3.8178 + 0.5463In(Age) | .03497 | 88
A In(W,)'= 0.1877 + 1.6820In(Age) | .92467 | -88
Broad Cove | Male | " PT ln(TL)‘: 4.1630 + 0.4541In(Age) | .96057 | 170
.| (W) =1.1617 + 1.4282In(Age) | 96146 | 170
T. | In{EL) = 5.2551 + 0.0800In(Age) | .23707 | 54
. In(W,) = 4.8589 + 0.1425In(Age)- | .14422 | 54
Female{ NT In(TL) == 3.7684 + 0.6068In(Age) | .93242 | 78
- In{W,) = 0.0762 + 1.8504In{Age) | .p3400 | 78
NT = nonterritorial
PT = preterritorial
T == territorial
7 TL = total length (mm) -~

W, = body weight (g)

~

r = correlation coefficient

" n = nymber of {ish in analysis
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Table 3-3: Calculated length-weight relationships for Newfoundland cunners.
i ‘ .
\
N I LI M -
_ Location: | Sex: | Status: Relationship: I n:
b Bonne Bay | Male | NT- | In(W,) = -12.6703 + 3.28511n(TL] | 0913 | 104
| w, = 31431100 TL3%®
N Female| NT | In(W.)=-11.6085 + 3.0871In(TL) | .98372 | 95
W, = 9.0885x10° TL30%7
. Broad Cove| Male | PT | In{W;)=-11.7126 4 3.1051In(TL) | .99403 | 185 .
W, = 8.1900x10"% TL*105
T - | In(Wy) = -9.5775 + 2.7072In(TL) | .89526 | .65 -
VR - | W, = 69270x10°° TLATY .
R Female| NT. | In(W,) = -11.2367 + 3.0154In(TL) | .09475 | 84
{ ] W, = 13181x10° L3 -
\
b -
| . ‘
NT = nonterritorial .
- PT = preterritorial
T = territorial
W, = body weight (g) . " _
' TL = total length (mm) '
- ' 1 = correlation coefficient ' §5
- »n = number of fish in analysis ] 4 \
I ' I T . . %
- . . 4
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Broad Cove Preterr. and Terr. Male Cunners, 1984:

, Regression of In(Body Weight) or In(Age)
(Symbols represent individual fish)
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Table 3-4: Student's t tests using means of TL, W, W g’ and GSI between
females from Bonne Bay (BB) and Broad Cove (BC).

-~

-~

” A Age Variable df: t 9-Tail Resull: ~
Group: .| Tested: Value: | Probability:<
< Byrs TL <11 -2.86 » 0.015 BBz <BCu
W, 11 -2.86. 005 | BBu<BCu .
\ , : W 11|, -298 | 0013 BB:<BCy
) GS!I; | 1 -2.99 0.071 BBp=BCy
6- 8 yrs TL 31 - | .-2.69 0.012 . BBu<BCp
- Wb 31 -2.81 0.008 | BBu<«BCu
w - | 31 -1.81 0.037 "BBu<BCu’
, asl. -31 | 018 0.862 BBu=BCu
9-11 yrs TL 28 -3.57 | 7 0001 | BBp<BCu
W, 28 -5.33 - 0.000 BB:<BCy
ALY 28 -4.94 0.000 BBu<BCu
: : " oast - 28 -1.20'. 0230 BBu=BCpu
12-14 yrs TL 48 -3.06 0004 4 BBu<BCy
\Vb . 48 -2.09 0.042 BBu<BCu -
w - 48 -1.56 - 0.025 ‘| BBu<BCp
_ ast 18 | 48 0.634 BBu=BCp
. | >15yrs TL 38. -1.56 0.000 . BBp<BCy
/ . \’Vb - 38 -0.43 0.004 BBu<BCu
‘ \\Y 37 -1.36 0.001 BB:<BCpu
. ‘e | -4.48 0128 | BBu=BCyu

S

¥

. Hf = degrees of freedom
p = variable mean per age group
a=0.05 '

‘;‘;'\_‘ Rt
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Figure 3-11: Regression of In(total length) on ln(eige) for Bonne Bay and , " '
. _ Broad Cove female cunners.




Bonne Bay. and Broad Cove Female Cunners, 1985:
Regression of In(Total Length) on In(Age)
Symbols represent individual fish)
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Bonne Bay and Broad Cove Femadle Cunners, 1985:
~ Regression of In(Body Weight) on In(Age)

(Symbols represent individual fish)
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Figure 3- 13 Mean body weights at length per age class of Cat(l) and Cat{2)
group spawning males from Bonne Bay.
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Bonne Bay Group Spawning Male Cunners, 1984:

Catt!): Gonadosomatic Index > 15 %; Cat(2): GSI <10 %

Mean Body Weightd at Length for Cat{{) and Cat(2) Males.
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DISCUSSION

A male's reproductive success primarily depends on how many of his

L]

sperm successfully fertilize eggs. Parker (1984) indicated that selection on males
should favour mechanisms (e.g. bebawoura] morphologlcal physnologlcal) that
mcre'xse an individual’s chan‘ces of outcompeting sperm from ‘rival males. He
noted that males with’ external fertilization may have few alternative ways of
allocatmg reproductlve effort in intrasexual contests. As prevnous]y described,
group spawmng in -cunners involves 2, large number of males 51multaneous]y
rcleasmg gametes into Lhe water column to external]y fertilize a female’s extruded
CEES. I‘herefore, a male group spawning cux‘mer s reproductwe syccess s likely to’

be dlroctly proportlonal tq, the number of sperm ejaculated Sperm competitiops.

an. 1mportant mtrasexual se]ectxvs;. force in’ b eedmg systems wnh a high

percentage of mu]hple patermty [Harvey and Harcou:t 1584) may select for large
gonadal mvcstments in male cunner group spawners Investing heavily in gamete
production \\ould assure numerical predominance of self’s sperm in the-"ensuing

pelagic lottery™ (Parker 1984). The present study’indicates that this 'reasoning

may‘ wel apply to male group spawning cunners, whick make large gonadal
mvcctments early in life w1th energy allotments apparently independent of ‘body

, snze (Figure 3- 6) QOnadosomatlc index values of 25 to 46% were not uncommon.

3

-. for these fishes.

This ’hrgh reproductne effort in group spawning males (i.e. large

gonadal mvestment Bt an early -age, as opposed ‘to’deferred reproductxon in

¢
R prelcmtona&, fnales) should involve tradeoffs for mdmduals Accordmg to life

history theory (see Williams 1966, Stearns 1976), energy disbursement to one basic

‘ I‘ungtlon (e.g. growth, mamtenance or, reproductxon) consequently decréhses

resources awailable for other progesses. Length and body welght at age of the

»
-~
'

’
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male group spawning population at Norris Pdint in the present study were only

slightly less than those of the preterritorial male population at Broad Cove,
indic1ating no sig.nil'iéant‘tradeoff between high sperm production and decreased
somatic growth rate. Gonad weight was not related to total length within each
age class for male group spawners, contrary to the negative relationship expected
with evidence of such a tradeof[l Hoewever, male group spawne‘-:r“é with
gonadosomatic indices <10% (i.e. in the range of GSI values characteristic for
nonspawning .preterritorial males) were all ]agge in body size at agc,‘ whereas
males with GSIs>15% (i.e. outside the range of GSls representing both terr’itorial
and preterritorial males) were small in length and body weight (Figure 3-13).
This suggests that large amounts of energy allpcated to gonads in group spawning
males may reduce internal energy resources available for body growth.

JIn order to compare growth of Norris Point group spawniﬁg males

- with that of Bfoad Cove preterritorial males dilferencgs in habitat (e g. length of

growing season abundance and quality of food) between both sampling sntes must

be controlled for so that effects of local environment on cunner growth can then
N a . .
be icorrected for. This procedure would allow investigation of differences in

growth resulting from the different reproductive—tactics used by both 'typcs of

-males:‘ Female cunners exhibit the same growth and reproductive tactics

irrespective of géographic location, and the present study ingdicates that females

‘from both -populations were allocating the same prgpoftion of energy to gonadal

development per unit body weight. :Fherefore, differences in female body size

ot -~ B s
may reflect differences in conditions for growth between Bonne Bay and

" Conc¢eption Bay. For example, Bon?ay'has a longer period o’l‘)ﬁh{ summer

Bay (Steele 1974, Hooperﬁunpubl.). “Norris

Point females were significantly sma]ler in. length and body weight at age Lhan.

those of Broad Cove, although dif ferences were sllght
The slower growth rate observed for Norris Point females may

répresent‘differghcqs in one or a combination of the following‘&;ct'or's: food habit,

"food -availability, or local 'populati.on density 'bétweenvsampling sites{ Olla et al.

(1975) found that the cunner’s food habits vary widely with geogra ic'hcation,

~ , /
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in addition to showing seas\omil changes.. Therefore, the energy content of foods
consumed by Norris Point females could possibly be Iesshf\hgn foods of Broad Cove
females, but this speculation was not investigated here. ,Concerning local cunner
population density, quelitative observations made during SCUBA dives at both
sampling sites in the present study indicated‘ that the cunner population at Norris
Point was markedly 'denser than that of Broad Cove, although ];opulation
estimates are unavailable. This observation was made fn gifu prio'r} to cunners
perceiving the presence of,divers. Hart and Pitcher (1973) observed that roach
(Rulilus rutilus Linnaeus) in the River Nene experienced better growth once its
major predator (pike: Esozr {ucius Linnaeus) attained higher densities and thinned
out younger roach from an initially dense population, possrbly reflecting decreased
intraspecific competmon in roach for limited food resources. Norris Point females
may also experience ‘a srml]ar pattern of slow growth as a result of greater
intraspécific competition for food in a denser cunner population.

\ In addition to- a}pafcnt differences in cunner population densit¥
between sampling sites, the sex ratio at Norris Point seemed greatly skewed,
towards“females (9- 19 1), a§ compared to the -female/male ratio h Broad Cove
(4:1; Table 2-1). These data are not in agreement with the findings of Pottle and
Green (197¢a, 1981} which indicated a)l:1 ratio,in Broad Covg and at least a
3f:1m ratio at Norris Point. However, the lat er authors used ;xternal fish
colok@gq to détermine sex of indVidual cunners, whereas gonadal products of®
"stnpped' or sacrlflcemners were used in the present study. The observed sex
ratios mny have bearing on which male reproductrve tactic predeminates in the

respective cunner populat)on, althou %srble relationships were not studied

_here. As mentloned previously, vangﬁon in "a male’s adoption of a partlcu]ar

reprefluctive tactic may depend on the local supply of ripe females, in addition to

other faetore (e.g. the density of spawning males in a population). A large supply

-

of females appears to be present in a male group spawning 'populat.ion at Norris )

Pomt whereas there are almost equivalent numbers of females and males in a pair
spawmng popu]atron in Broad Cove. Dew (1970) /ON a female/male ratio of

1:2.15 for cunners in Fishers Island Sound, Connecticut, but unfortunate]y did not

report on local cunner reproductive behavmur.

'3
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A tradeoff of the high sperm pFfoduction in group spawning males
seems to be reduced longevity. A small proportion of males compnsmg the Norns
Point sample 'was old (>0 years) rdlative to the large proportlon of younger mnles
(between 6 and 9 years; Figure 3-1), whereas at Broad Cove a large proportion. of
the males were older (from 10°'to 15 years; Figure 3-2). This ‘early’ mortality

could possibly affect the Norris Point cunner popylation as a whole, irrespective

of reproductive effort or sex. For example, a harslier, more unstable environment

in Bonne Bay (f.e. with respect to water temperature, food availability, frequency
and magnitude of storms, étc.) 'relgtive to Broad Cove may increase physiological
stress on all cunhners, resulting in their early ’dea{hs. How’éver comparisons of
female age .distributions between both samplmg sites refutes Ll?fs possibility.

Whl]e females older than those sampled. at Norris Point were obtnmed from Broad

Cove, the relative proportions of females at age were snmn]ar' (Figures 3-3 and 3—4) -

. Although information "on food avallablllty or stochastic climatic events s

unavailable for either’ location, water temperature data tend o ¢ 'tradxct a

épeculétionmt Bonne Bay is a riore unstable environment than Concept

Alternately, the velative absence of old males "at Norris Point'm:‘ly
represent a migration of’older males from thn sampling site." If so, these males
would be absent from hoop nét samples. Whether older males are present in. the
deeper waters of Bonne Bay, and, if so; hold terrlt,ones, is unknown Olla ¢! al.
(1975) noted that cunners older anﬂarger (210—420 mm TL) than'those found. in
inshore waters inhabit offshore reefs (primarily shipwrecks). Unfortunately, sexes
were not distinguished. They also .,sp(eculéted whether these cunners were
originally recruited to offshore sites and remained there, or were ‘mcrnbers of an
inshore i)opu]ation (that moved- offshore a.ft%r att.aining a certain size (as is the
habit of a close relative of cunners: the tautog, Tauloga onitis Linnaeus)

Absence of territorial males at Norris Point may be a *direct
consequence of the ‘density of the local cunner populatnon Warner and Hoﬂ'man

(1980b) investigated how changes in populatlon density surrounding the mating

territory of another. labrid (the bluehead wrasse: ‘Thalassoma bifasciatum) affect -

reproductive success of -resident' territorial males. They found that at low—_

X N

<«
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population density territorial mating success _increased with increases in\local
population density (i.e. reflecting an increase in the supply ofﬁfemales). At higher
Ropulafionddensities, dime spent id territory defefise increased with the number of
inte;feri% males, and the time spent in .courtship was negatively correlated with
time spent in territory defense. Consequently, territorial mating success declined
with increasing population density. Territories remained economically ‘defendable
in this casé] since reproductive success of a territory holder was hlgher than that
of nonterritorial males. Reinboth. (1973) also reported that in T. bzfascmtum
group spawnipg was the predominant reprodl_:ctwe tactic on large reefs of higher
. popu]atioh densities, while pair spawning prevailed on small reefs of iow

— population densities. M'eyer (1877) noted that for T. 'cepido at higher densities
group spawning greatly exceeded pair spawning in frequency. At high densities of
_-mterfermg males,’ Warner and Hoffman (1980b) found that temtones ‘became too
costly t.o maintain: the mating success of territorial males decreased to ]evels_ .
be]ow that of nonterritorial males. They observed that a defending male
abandons his site at high densities and establishes a territory in a less crowde_d
nn:ee' or that he adopts nonterritorial behaviour and .remains in the.-densely
populated reglon .

e « The ghove fmdmgs of Warner and Hoffman (1980b) at high local
population densities may apply to the two cunner populations in the present
study. The apparently higﬁ cunner population density at Norris Pojnt relative to
Broad Cove (i.e. as described previously) p0551bly renders territories economlcally
undefendable in an energetlc sens,e/. Large r_m}les ay Yonsequently move from
Norris Point to become territorial at other sites, remain on site as group
) spa{vning nonterritorial males. Territorial male cun ers have been observed in
Bonne Bay at South Gull Rock, which lies approximately 5 km eastward from
Norris Point (Pottle ef.al. 1981, this study). Those Norris Point “males
charactenzed by larger total ,leh,élhs, f)ody weights, and smaller gonads comprised
_ the largest mode of gonadosomatic index values (i.e. between 3.5 and 6%) found '
in this pepu]atlon. This range efﬁfSIs resembles that whlch prfdomlnates in

Broad. Cove preterritorial maleé, possibly represents a territorial life historj



50

strategy in Norris Point males. These fish may invest more energy in somatic
growth to attarn, at a faster rate, body sizes advantageous to their future pursuit
of territories. -On the other hand, Norris Point malés with small body sizes and
larger gonads mostly had GSIs of 18 to 21%,; forming the second largest mode.
These fish may follow a purely group spawning ‘strategy for life. The third 'and
&na]lest mode in GSI values ranged frdm 11 to 12%, and possibly represeiits a
‘mixed’ group of males following either_ strategy (i.e. depending upon age and
body size). ‘ ’

Despite -having larger gonads than similar sized preterritorial males,
group spawning males possessed a mean length at age only slightly less than that
of these nonspawning males. Coupled with the' prediction that ‘Broad Cove
preterritorial male?si:ould be attempting to attain large body-sizes advantageous .
to their future.pursuit of territories, thie evidence suggests the operation of
growth- compensatory mechanisms in ngoup"‘ spawning mo]es Growth
compensatlon refers to a tendency of smaller fish to grow more rapldly to catch

up® with larger conspecilics (Gerkmg 1966 Ricker 1979). Growth eompc_nsatlon N

_could be achieved through altérnate year spawmng, in which individuals allocate -

energy to growth in léngth™and weight ‘in'one year while curtailing spawning .
activities entirely, then become reproductively active in the following year while
deferring body growth.‘ This alternating cycle would repeat every third year,
possibly until an adult body growth asymptote is attained. Therefore, some
Norris Point males would possess gone,dﬁ less than 1.5 g (i.e: weights characteristic
of cunners in™ postspawning condition, |rrespective of body size and age);
representmg their nonspawmng/body growth stage of an alternate year cycle.
However, all prespawning males.collected at Norris. Point were ripe, although
whether this cunner assemblage consisted only of spawning l'ish is unknown.

" Another. mechanism for - growth compensatron may operate as a
physxologlca] energy ‘shur{’, by which some proportion of energy that ‘normally’
is stored in body fat or omroduetwe tissues or.organs (.e, reflected by
increases in body weight per unit length w1th stomach and gonads rémoved) is-

used for growth in lengthOThe finding that male group spawners are smal]cr in
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body. weight per unit length than preferritorial males may support this possibility.
'Gerktng (1968) observed that smaller bluegill sunfish (Lepomis macrochirus) of a
year class begin to grow earlier than their layger co'm;ganion‘;, suggesting that
growth compensation may result from the advantage in time gained by the
smaller group. Data on the time of annulus formation (i.e. representing
resumption of growth in length) for Nofris Point group spawning male cunners

are unfortunately unavailable for comparison with Broad Cove preterritorial

males,
Annual ripening of gonads in preterritorial males (as observed in the

present study) may serve two purp‘: when a territory becomes available, the

* preterritorial male which acquires it is ready to pair spawn that year; ripe

preterritorial males; 'irregpect?ve of body size, can 'sneak"snaWn with pair

spawners' Marte] and Green (in press) observed several interference spawnings in

Broad Cove, m which a preterrrtonal male ( 'sneaker"] rushed into a temtory and

joined a terrltona] male and female 1n gamete release, then qurckly left the. S)te

As descnbed earlrer, sneak spawmng is an- altermative reproductlve tactic used by
many specles mcludlng tropical labnds (Warner and Hoffman 1980a). Hoffman et
al. (1985) found that l_tnterference spawning with territorial males was attempted
by nonterritorial male Thalassoma bifasciatum lacking access to mating sites for
mdre than a few minutes. |

The present study indicates that terntonal males invest more energy
in gonads than preterntorlal males, thereby SUpportmg a finding reported by

Martel’and Green (in press) concernlng the reproductlve success of territorial male

cunners. Given that a large body size is important to a male cunner in obtannlng_

a. terntory, they found that body size is not correlated with futureé reproductlve -

success once a territory has been estabhshed. Howeyer, gonad size is important to
a terrttoriat ,male’s reproductive success. With limited food resourtes, energy
- previously channelled to somatic growth by a ;;:eterntonal male (uet to obtain a
arge body srze) should be redlrected to sperm productxon once thls fish has
bev\me territorial, Temtorlal male gonad welghts per unrt body welght were

'SIgmhcantly greater than those of preterntonal males in the present study

3
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Furthermore, the highest frequency of territorial gonadosomatic index values
ranged from 7 to 9%, whereas most preterritorial males had GSIs between 4 and
5%. A second and smaller mode was found for territorial males with GSIs
between 3 and 4%. These males were 18 to 22 years old with gonad weights
etween 6 and 8 g. Territorial males comprising the first mode.were 13 to 20
years old with gonad weights of 11 to 21 g. Within both modes, a slightly positive
relationship existed between Igonad weight and territorial fish size, whercas no
trend was apparent for gonad size and age. .

Territorial males that have gonad sizes in the preterritorial range of

" values (Figure 3-7) may be ‘first year' territorials that acquired territories in\t&

year of capture. The enefgy cost in sé.curing"'a.. territory may prohibit an

immediate changeover to higher reproductive effort within a territorial male's

first year. A territorial male would therefore invest in gametes on a level

- charactenzmg its preterritorial stage, and increase its sperm productlon in the

subsequen-b spawmng season. This first year territorial “hypothesis could be
inves't.igatedv through a tagging/removal field experiment. Individual territorics of
defending males would be marked, then their owners captired shd rejmoved

before the spawning season begins. Each preterritorial male taking over a newly

“unoccupied -territory would be fagged‘, and whole body wet weights per length just

prior to and after the spawning season would be obtained for several years.
Differences between pre and postspawning weights per annum would be compared
to those of Tonger term’ territorial males (i.e. defending males that acquired sites
several years previous). and of males without territorics.  These indirect
mvestment per unit length of newly established t,erntonal males between their
first and second year after securing'a site, while contrqllmg\for annual variability
in food abu~ndance and water temperature. Preterritorial males should show the ,

smallest annual welght differences, whlle new’ territorial males in their first pair

,.,spawmng season shou]d have gonad weights similar to thosc ‘of preterritorial

malgs. No significant differences should be found between gonad WC]RI‘@ per unit

~length of new territorial males"in their second pair spawning season and longer ‘

term territorial males, N
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According to Figures 3-9 and 3-10, preterritorial males in Broad Cove
reach a total length and body weight of similar magnitude to those of territorial
males. However, the rate of attaining these body growth asymptotes appears
quicker in territorial males, which reach them at a younger age. This:faster rate
of growth in length and weight may be an important component in determining
which male successfully obtains a territory. .For example, a larger body size
would ascribe an advantage to a preterritorial male in conflict with another for a

territory recently made avarlable for occupancy. Furthermore, the apparent three

or four outliers in Figures 3-9 and 3-10 could represent a few: preterntonal&nales '

possibly following the aforementioned faster growth rate. Although these fish had
attained a large size at age relative to other preterritorial males, thejr had not yet
successfully secured _a territory. - This latter observation may rel'le\ct:a local
absence of’ unoccupied ~territorles, as is indicated by field observations (Green,
_unpubl.). 4 . |
To determine lwhether successful territorial meles e e}(perlenced a
faster growth .rate re]ative to preterritorial males in general, and if apparent
preterritorial outllers have done the same, annular increments on otoliths or scales
from these fish should lfe 'measured\&nd used for back-calculations of grq\)
This would allow/generation of individual growth curves for comparisons between

territorial , ‘Average’ preterritorial males, and apparent outliers.

A comparison of the mean total lengths at age of cunners (i.e. sexes-

combined) with latitude from the literature (Table 4-1) indicates no readily
apparent latitudinal effec? on cunner growth. Naldu {1966) noted a decrease in
the rate of growth in length of Newfoundland cunners Wwith increasing latltude
However, length data of Serchuk and Cole (1874) in Massachusetts are

) comparable (if not smaller) to Naidu'’s rather than being srgmflcantly larger as

.predrcted given a decrease in latitude. Johansen .(1925) obtained cunners in

1917-18 from the Gulf of St Lawrence wlnch were similar in size to those of
Serchuk and Cole (1074), and larger after age 5 than Naidu's (1966) Broad Cove
cunners. in the present study were smaller at akge than those of Naidu from the

same site in 1964
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. Table 4-1: A comparison of the litefature on mean total lengths {mm) at age of
cunners (i.e. sexes combided) with decreasing latitude.- ‘Dates given
represent year in which samples were caught. Known sample sizes
are.in parentheses. Territorial males captured in the present study

are not included here. ‘

¢

« Location and Reference
~Age. | Englee, | Bonne Bay, Broad Cove, Broad Cove Gulf of Massachussetts
(yrs): | Nfld. Nfld. Nild. 1084 St. Lawrence 198269
1964 1984 1964 (This study) 1917-18 (Serchuk & Cole)
(Naidu) | (This study) (Naidu) (Johansen)

2 - 74 (5) 123, (6) - 100 (160) 104 (26)
3 |117 (8) : 124 (49) - 150 (194) 142 (35)
4 |134(26)| 104 (3) 178(17; - 160 172 (31)
5 |145(38)| 115 (3) 203 (31 109 (5) 190 182 (22)
6 |[163 (18)| . 118(17) 216 (26) 137 (15) 240 204 (3)
7 |192 (13)| 135 (47) 237 (8) 166 (3) 270 ;

8 |201 (4)| 153(32) 258 (3) 168 (6) 310 -
g |212 (5)| 170 (55) 264 (2) 175 (20) 350 -

10 | 251 (4) 178 (21) 278 (1) 177 (9) 370 -
11 |267 (3)| 172(11) . 189 (13) - -
12 |286 (6)| 175 (24) - "193 (21) - -

13 |206 (2)| 185 (17) - 204 (38) - -
14 |306 {2)| 190 (13) . 212 (35) - .
15 - . 207 (8) - 223 (42) - -

16 - 216 (6) - 235 (16) - -
T 1 - - 240 (11) - -

12 - 297 (1) - 249 (5) - -

19 - - - 258 (3) - -
20 - ° - 253 (4) - -

2] - - - 256 (2 - -

3 <>
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The above discrepancies in cunner growth across latitude may be
attributable to invalid age data. For cunners apparently 7 years and older;
Johansen (1925) stated, "It is, however, very difficult to decide the exact number
of *winter-rings® upon scales of such ol;i fishes®, ' Dew (1970) noted that for
Connecticut cunners, "It was difficult to jnterpret scales with over four annuli,
and the maximum readable age was 5 years*. Serchuk and Cole (1974) observed
tifat, *Annular marks {on scales) weré often difficult to discern in older fish due
to crowding®, and that, *the first annulus in many specimens was often indistinct
and difficult to discern®. Johansen also noted the latter problem. Naidu did not
mention either problém in aging his samples, although both must have been
-present since these problems were encountered in the present study for cunner
scales from Broad Cove and Norns Point.  Given this great difficulty in
distinguishing annuh on scales of cunners older than 7 years, lengths recorded by

Johansen may actually represent much older fishes, thereby expla]mng their-larger

" sizes as compared to those of this study and Naidu’s. Naidu’s length data may

also represent older fish for this same reason. Unfortunately, Serchuk and Cole's
study' included only data for fish less than 7 years old.

Problems in determining annular marks on older cunner scales can

usually be avoided by reading otoliths instead. Otoliths are generally far better

than scales in ‘age determinations of cunners, although previous researchers (as
presented above) studying cunner neglected to use otoliths. The present study

mdlcates that annuli are mofe readlly dlstmgulshable on an otohth and its first

'annulus is easily found. Crowding of annuli on the margins of otoliths does not

generally occur until age 15, \vhel('eas annular c}owding is common on the margins
of scales older than 8 years. _ .

Johansen (1925) noted that the average body size of female cunners
from the QUII of St. Lawrence was Jarger than that of ma:les. Serchuk and Cole

(1974) often found that males > 160 mm TL from Massgchusetts were a year

“older than females of the same size., Naidu (1966) mentioned that females' in

Broad Cove (NF) grew at a slightly faster rate than mé]es, but that variation in

growth between female and male cunners from his other three sampling sites was
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inconsistent. Females collected from both Broad Cove and Norris Point (NF) in
the present study were consistently smaller at age than males (i.e. excluding
territorial males); an pbservation similar to that of Dew (1970) for cunners from
Fishers Island Sound| Connecticut. This result contradicts a general r;le for
teleostian growth: females are larger in TL at age than male conspecifics (LeCren_
1958, Moyle and Cech 19; ). However, Moyle and Cech (1982) aJso stated that in

- general females are smaller sized at age than males if the latjer sex is territorial.

The finding that female cunners were heavier at length than resident males (albeit
differences were slight between sexes in Broad Cove) agrees with a second geperal
growth pattern in teleosts (ibid.), This observation contrasts with those of Dew
(1970), and Shumway and Stickney (1975) for Rhode Island cunners. The latter

authors concluded that sex need not be considered when' determining cunner

" weight on the basis of length.

Alternative reproductive tactics are widésprcad within species of the

animal kingdom. Resear&,on intraspecific tactical variation has progressed

beyond identifying reproductive alternatives to hypothesizing on their theoretical .

implications on species’ life history evolution. Armed with this theoretical
groundwork, seientists must now venture further and collect empirieal evidence to
evaluate their predictions concerning species’ life histories. Both qualitative
identification and quantitative evaluation of tradeoffs between a speeies’ life

history traits should constitute the next siep for redearch info ecach alternative

reproductive tactic, with costs and benefits of these tradeoffs juxtaposed against

environmental sources‘of mortality. Investigation of costs associated with ecach
reproductive alternative will provide data fundamental to preaicting which
reproductive tactic, or set of a]térnative tactics, would be utilized by a species in
any given environment. This knowledge would prove extremely important in
future *mapping" and understanding of the evolution of a species’ life history

traits,
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This study ventures one step beyond the t'heoreti.(‘:_al aspects of
alternative reproductive tactics by attempting to identify and‘ evaluate the
tradeoffs, or costs of repréduction, associated with each of two tactics previously
noted for the Newfoundland male cunner. The empirical evidence collected in
this stddy cénstitutes a basis for evaluating several predictions of life~history
theory. Information obtained from scrutiny of these h'ypotheses forms a
foundation upon which an understanding of a cunner’s life history evolution can
be established, once future research generates more quantitative knowledge of the
physiological ard biochemical aspects of tactical variation in ’,cunners.
MethodAologies developed to achieve these goals with a readily studied sp'»ecies like

the cunrer can then be applied to other animals of evo'lutionary ‘or economic

interest. .
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4.1. Summary

1. The predictiobof high reproductive effor} in group spawning-male
cunners (f.e. investing heavily in sex products early in life) is

supported. Gonad weights and gonadosomatic indices per age class

Ay
.

were significantly greater fin group spawners as compared (o
preterritorial males younger than 15 years. -Group spawners allocated
significantly more energy to sperm prodﬁction per unit body weight

4

than preterritorial males.

2. Group spawning in cunners involves a large number of males
simultaneously releasing gametés into the water column to externally
fertilize a female’s extruded eggs, and large gonadal investments in

o

male group spawners are probably a result of sperm competition.
In:sting heavily in ‘gamete production would assure numerical
predon}inalnlce of self's sperm in the "ensuing p.;lagic‘léttersr' (Parker
1984). The present study inéicates that this reasoning r;lay well apply

to male cunner group spawners, which aﬁbarently allot energy te

gonads independently of body size.

3. Length and body weight at 'ége of the male group spawning population

at Norris Point were significantly less than those of the preterritorial

-
] R

male population -at Broad Cove. Body size differences were slight, .
however, suggesting no significant tradeoff between high™ sperm’

production and decreased somatic growth rate. Gonad weight was not

.
AT T
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related to total length within edch age class for male group spawners,

con'trary to the negative relationship expected with evidence of such a

tradeoff. ' ; .

. Bvidence suggests at least two reproductive/érowth tactics ‘occur in

Norris Point male cunners. Given the presence of territoriality in

Bonne Bay, males (with GSIs<10%) characterized by larger TI,, \'Yb,'

and smaller gonads Imay later forego group spawn'ing and bec¢ome

-

territorial, whereas males with ‘smaller body size and larger gonads

A

(and GSIs> 15%) may remain group spzaners throughoilt life.

. vadence supportmg a tradeoff betw?en high sperm production and

reduced longevity pred|qted for group spav;gmg males was found in

‘the population “age structure.  Norris Poin} barboured a small

*a

proportion of old males (>9 yé_ars) and a latge probortion of younger

males _(aged 6- years), whereas a Jarge proportion of preterritorial-

males from 5 to 15 years old was présent jin Broad Cove.z ' ‘

. This apbarent ‘early’ mortality of group‘ spawning males is not

attributed to local environmenta] perturbations (e.g. a harsh

. .envnronment, would affect the Norrls Point cunner populatlon as a

whole, ir‘respective of reproductive effort or sex). Age!frequencies of

~—

c

females were the same between both pppl;]ations.

<=

o

L
,
-
<
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7. Growth enhancement expected for Norris Point males (e.g. due to a

longer period of warmer summer water temperatures in Borne DBay

- relative to anc'éption Bay) was not evident. Differences in Rabitat
between both samPling sites would be reflected in female body size,
since female cunners have similar life thistories irrespective of

geographic location. Norris Point females were signiflcaptly smaller in

»

lengih and body weighﬂ at age than those of Broad C;we, although

differences were slight. j ' ~
-

3

- 8. The slower growth rate of Norris Polht females may result from one or
¢ o

a combination of the following factors: smaller energy content of foods

* consumed by these fish as compared to foods of ﬁroaq Cove females;

-~
A4

v " density ‘at Norris Point resulting in increased intraspecific .compctititfl :

“ ot

for limited food resources. _Although information on the fi\/st iwo

possibilities is unavailable, evidence indicates that there are differences

]}n local population density between both éampling sites.

3

9. The apparently higl{ cunner population density -at, Norris Point may

also render territories economically undefendable, thereby explaining

its lack of territorial males, Territorral cunner@ may move from Norris
Point to defend sites elsewhere, or remain in the deﬁsely pgpulat’cd

area as group spawning nonterritorial males.

g

greater food abundance in Broad Cove; or highor.cunner population -

SgRe

T S YN
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-

. 10. Despite having larger gonads than similar sized preterritorial males,
gfoup spawning males possessed a mean length at age only slig}:t]y less
than thaﬂ‘t,_ of these nonspawning males, suggesting the operation of

;s growth compensatory .wmechanisms in group spawning males.
Speculation that growth compensation was achieved through alternate
y:ear spawning was unsupported, since all presp‘awnix;g males colle;ted
at .Nor_ris Point we.re ripe. Wilether this cunn’ér assemblage consist,e;i

[ ]

¥ ' only of spawnjng fish is unknown.
¢
7 l 4 . —

»11. Group spawning males wgfe smaller in body weight per unit length

relative to preterritc;rial males. This posgbly represents a growth
. ) . "

coxﬁpensatory mechanism in the form of a physiological energy ‘shunt’,

by which- sonie proportlon of energy that normﬂ\y is stored in bod)&

fat or other nonreproductive tissues or organs is used for growtb mﬁ

,‘.v . - T I ’ - \

N &

length. . ' ’ ~

S

12. Annual ripening of gonads in Broad Cove preterritorial males (as
observed in this study) may sgrve two purposes: when a territory

becomes available, the preterritorial male which acquirés it is ready to
. /'\\_ | ,
pair spawn that year; ripe preterritorial males, irrespective of body

&

size, can sneak spawn with pair spawners (Martel and Green, in press).

2 P | N .

~ 13. Broad Cove territorial male GSIs and gtnad wejghts at age were ' -

us= . ) A . 4 R - - \ - )

- significantly larger than those of pré;erritorial males, (fonad weights oo

; | - |
.
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per unit bedy weight were also greater in territorial males. These
findiﬂgs confirm an observation previously reported by Martel -and

Green (in press): body size is not important to the future reproductive

- <

success of a defending territorial male. Given the importance of a’
large body size to a preterritorial male in securing a territory, energy
consumed from limited food resources may be redirected from soinatic
growth to spéfm production once a male has become territorial.
\

An important component in determining which male successfully
obtains a territory appears to be how quickly an individual attains a
somatic grthh. asymptote. This is suggested by the finding:that,
territorial males in Broad Cove reach a. tOlt«':;ll length and bpdy weight

of similar magnitude to those of preterritorial males, but at a faster

rate. A iarger body size at age of the former male would be an .

advantage in conflicts with another preterritorial male for an
unoccupied territory.
A comparison of the mean total lengths at age of cunners (sexes

combined) with latitude from the literature indicates no readily

apparent latitudinal effect on cunner growth, However, this absence

! v

of an inverse relationship of cunner growth with latilude may be due\

to invalid age data in the literature, Ages of cunners-collected in,
’ Pd

previous studies have probably been underestimated.
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18. Females from both Broad Cove and Norris Point were smaller sized

‘per age class than local males (e)'cc]uding ‘territorial males); an

observation, similar to that of Dew (1970) for cunners from

Connecticut. This finding contradicts those of Johansen (1925) for

/t/ Gulf of St. Lawrence females, and of Serchuk and Cole (1974) for
' many cunners from Massachusetts. Females from both locations in the
present study were heavier at length than ma‘les, although differences

were sligh'\t between sexes in Broad Cove. Both Dew.(1970) and

o Shumway and Stickney (1975) had observed equivalent length-weight
| relationships between cunner sexes.  Naidu /(1868) reported no
consistent variation in growth between 'fema]e and male cunners from

four sampli{ﬁg sites in I\'Jewfoundland.
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APPENDIX A

Summary table of multiple linear regression analyses-and F test results for
-

cunners [rom Bonne Bay (BB) and Broad Cove (BC). Territorial males included

(BCt). The first F value listed per relationship refers lo a test for difl'erence§

. .\ .
between slopes of separate regression lines. The second F vatue, if present, refers

to a test for differences between group means.

Location n: Relationship: | Separate ~ FValue:
and Sex: ' ' R% :
BB male | 341 GSlvs Age 02" F‘(2 337} = 29,59
"BC male J NS '
BB male 339 | InW_wvs InAge NS F = 5590 "
g kK (_2,330)
BC male 0.62 X
-4

BB male 374 ang vs InW,_ [ N-?u 'F(2’370)= 116.53
BC male 0.01
BB male | 345 | InTLusInAge | 052 | Fipp = 0
BC male . 092" ' ’e

. ’. F(2,341) 5.2

' *
BB male 345 InW, vs InAge 051" F(2 an) = 0.04
BC male 0.92 P — 585"
(2,311) =~
BB male 379 InTL vs anb 0.98 F(2,375]-= 14.00
.BC male : o 0.99
BCt male | 221 GSlvs Age NS F(2,217)= 481"
BC male | NS’
i
i )
)
' )] Y

oot
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Location n: Relationship: Separate F Value:

and Sex: R\"’: - ~
BCt mle | 221 | W, wshnAge .| NS | Fyppy= 3104

BC male : 062 " ' .

BCt male 248 ang vs InW 0.07° F(2 244) = 0.79

BC male 0.61‘“ ' _ T

Flyogq) = 32:44

BCt male | 224 | WTL ushAge | NS | Fyppgy= 3047

BC male 0.92""" '

BCt male | 224 | W, vslnAge | NS Fy g00) = 39:08"

BC male : 0,92“_* '

. 11 **
BCt male 85 InTL vs oW 0.80 F(2 246) = 5.03
BC male - - 0.99"" ’

. i

BB female 166 InTL vsInAge 0.87“: . F(2 162) = 2.82
BC female ™ |- ¢ 0.87" T xhs

| . Fip160) = 35-91

BB female | 166 | W, vsinAge | 0.88" | Fpygp) = 2.09
BC female 0.87"" L _ e

g F(2,162) = 31.90

BB femsle | 165 | GSI vsAge NS | ey = 181

BC female ' NS # (2’161) = 2.14

BB female | 165 | InW_ vslnAge | 0.80° F = 2.12
BC female g 0.84"" (2.161). sex

| ) : F(Q,lﬁl) = 3055

BB femsle | 178 | W, ushiWa, | 0.827 | Fiy,.y = 2.34

e , ~

BC female T 0.97 -F‘(2 174) = 2.53

BB female | 170 | WTL vshW, | 0.99° | Fyp e = 101

BC female 099" | Fyjz5)= 0.00

\ .
-
A

- PS¢
E Y
WE oty



10

Location n: Relationship: Separate F Vilue:
and Sex: R%
BB male 263 | InTL vshAge | 052~ Floase) = 467"
BB female 087" '
\ ss% h
BB male 263 InW, vsinAge 0.51 F(,, 259) = 2.45
BB female 0 86‘" o e
- Flaas0) = 1040
BB male | 289 | WTL vshW, | 0.98 | Fyueo = 1861
BB female 099" '
BC male 248 InTL wvs InAge 0.92"" Fi)ney = 23.68" "
"ee (2.244)
BC female 0.87 '
BC male 248 InW, wvsInAge 0.92"" F(2 244) = 19.73""
BC female 087" - '
"BC male | 2690 | InTL vshW,_ | 0.90" Flpaes) = 355
BC female 099" '
”~
a= 0.05
Y= P <005
* =P <0.01
. ***= P < 0.001
NS = Not significant M
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. | APPENDIXB - °

Table of untransformed data collected for prespawning male and female cunners

from Bonne Bay and Broad Cove (Conception Bay), Newfoundland. Numbers in

¢ parentheses refer to sample size. Due to missing age classes in these data,

postspawning samples are included where indicated by an asterix ().

Location: Sex: Status: Age Variable Mean: Range: Standard
- - (yrs)! |- Measured: Error:
Bonne Bay * Male NT 2% TL 81.33 (3) 74.00 - 85.00 3.67
- W, 7.16 (3) 5.63- 8.87 0.94
4* TL 104.00 (1) - -
) W, 16.38 (1] . :
5 TL 115.00- (3) 107.00 - 125.00 5.20
W, 19.73 (3) 14.98 - 25.42 3.05
W 4.17 (3) 2.13-" 5.51 1.04
ast 23.38 (3) 8.38 - 32.44 7.55
6 TL 125.67 (12) | 112.00 - 140.00 2.45
w, 25.48 (12) 18.23 - 35.27 1.29
W - 6.44 (12) 3.12- 1091 0.70
cs 95.44 (12) 11.88 - 46.84 2.80}
€

¥
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Location: Sex: * Status: Age Vatiable Mean: * Range: Standard
1R (yrs): Measured: Ejror:
7 TL §1.78 (36) | 123.00-19500 | 263
° Wb 41.51 (36) 22.38 - 120.53 3.18
. W 7.01 (36) 1.91- 12.12 0.46
8
. 8/ L 166.14 (21) | 134.00 - 218.00 37
X 68.41 (21) 29.64 - 160.47 82
o W. 8.92 (20) 2.75 - 18.60 0.96
‘ ast > 17.75 (20),, 2.49 - 43.52 2.65
9 T 195.22 (46) 141.00 - 252.00 . 4.39
) 114.08 (46) 31.31 - 262.07 8.38
W 8.18(44), | 2.01- 20.80 0.75
B - -1 s 9.16 1) 1.32 - 42.67 1.39
10 TL 198.15 (13) 129.00 - 244.00 8.46
W, 121.92 (13) 24.5¢- 223.77 15.26
W . 7.95 (13) 3.05- 14.07 1.10
; ast '8.64 (13) 172 - 22.30 1.78
| ; 11 TL "168.11 {9) | 141.00- 24200 | 1017
W 73.06 (9) 36.61 - 213.59 18.16
W, 7.13 (9] 2.00'- 10.49 0.90
, N - sl 12.49 (9) 2:64- 20.10 2.10
Pt )

~
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, Location: . Sex: Status: ”Age' Variable Mean: - Range: Standard
PR " (yrs): | Measuged: Error:
¢ . 12 TL 168.80°(15) " | 132.00 --241.00 7.09
S ) N W, 70.92 (15) 32.16 - 213.60 11.68
F -8 W, " 878 (15) 4.02- 2045 112
" Gs] 15.81 (15) 2.68 - 34.91 2.34
o 13 TL 182.50 (8) _145.00 - 200.00 7.00 -
= Wy  86.62 (8) ~39.6] - 121.09 10.62
(; . W 8.92 (8) 4.44- 15.08 1.45
o 4

: _ ast 10.92 (8) 5.00 - 17.29 1.63
a’ .r x \ . A N .

. : 14 TL . 187.60 (5 160.00 - 232.00 13.48
! ) W, - 102.25 (5). 65.51 - 198.19 27.21
&, W 10.51 (5) T 4.94- 16.71 2.50
. i} , :

5 Gsi 10.54 (5) 843 12.88 0.89
e 5 | . TL 198.40 (5) | 170.00 - 225.00 10.52
’ wy "116.23 (5) - | 72.16 - 175.63 18.05
Lo ] W 7.64 (5) 5.62- 9.44 0.74
r:". - i 8 - H 7
3 a ast 6.86 (5) 4.80 8.04[ 0.57
16 TL .| 210.50" (2) 189.00 - 232:00 21.50
@ W, 155.97 "(2) 02.00-210.84 |  63.88
i W T 773 (2) 7.57- 7.80 - 0.16
B g i .
i asl 6.01 (2) 3.44- 857 2.57
i A 2

' . e
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A L(}cation:.' Sex: Status: Age Variable Mean: Range: Standard
. ' " (yrs): . | Measured: - ' Error;
17% TL . 262.00 (1) - -
s Wy '342.18 (1) - .
19% TL . 243.00 (2) | -242.00 - 244.00 1.00°
P . W, 210.22 (2) 191.51 - 228.92 18.71
'BobneBay | Female | ~NT 2 TL '73.80 (5)° 65.00 - 85:00 3.48
. ; W, 5.54 (5). 3.66 - 8.38 0.81
. W . 011 (s) | o0.06- 020 0.03
ast 1.87 (5)° 1.64- 239 - 0.14
1 TL 104.00 (3) 94.00-109.00 |  5.00
W, 15.59 (3) 13.17 - 16.93 1.21
} W 1.15 (3) . |° 060- 143 0.27
. : 024
- Gs] 7.15 (!3) - 4.56 - 8.45¢ 1.30
. 6 - TL 110.40 (5) | -99.00 - 123.00 3.96
W, 20.43 (5) 18.37 - 25.00 1.23
W 2.05 (5) . 1.27- 2.50 0.21
- cst 10.10 (5) 6.85 - 13.61 1.14
7 TL 124.82 (11) 111.00 - 140.00 . 2.67
oW, 97.22 (11) | 20.11- 36.81° 1.69
™ W 2.16 (11) -.| 0.85- 3.88 0.27
Gst 7.94 (11) - 3.68- 13.47 0.84
- Y 4
»
) $. - :
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[ Location: - Sex: | Status: Age Variable Mean: " Range: Standard
‘ ‘ - A - S (yrs): Measured: ' : Error:

N
oy DR o

W
.

, 8 TL - 139.46 (11) 126.00 - 157.00° '2.76
L - | W, 39.98 (11) |- 30.61- 62.97 2.73
o : W 3.59 (11) «100- 855 | - 0.62
oSt 8.94 (11) “*2.65 - 13.58 . 120

~

Vb oyt

gl
R

o

A AL A
[ S

S - 9 TL ™ 145.11 (9) 128:00 - 175.00 5.03
CR s - W, 4060 (9) | 25.81- 66.93 4.88
P _ W 3.57 (9) , 1.55 - 92.85 0.82
o ' T 'CS!I; 8.68 (9)  4.14- 1564 | L7

L _ : - 10 .| TL 158.25 (8) 148.00 - 168.00 | =~ 2.45
O \ g W, 50.62 (8) _42.63 - 59.73 1.82¢
R ~ ' {w 3.57 (8): | " '118- 6.94 - 0.64
e | : cst 7.02 (8) | 2.21- 1162, | 112

S~

11 TL 176.50 (2) 170.00 - 183.00 6.50
W, 76.17 (2) | 66.39 - 85.95 9.78
w 378 (2) | 3.44- 412 | . 034
ast - 511 (2) 4.00- 6.21 1.11

-
5.
N
L
i
o

12 TL 180.67 (9) 154.00 - 210.00 5.85
S ‘ w, + 87,06 (9) $43.08 - 142.81 +10.28
- . W T 621 (9) 2.35- 10.43 1.01
Y _ . - ©ast 7.08 (9) 3.49 - 9.57 0.75

6L
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Location: Status:-l Age [ Variable Mean: 1Z__ Range: Standard
‘  (yrs): Measured: o " Error:
13 TL 188.22 (9) 153,00 - 236.00 8.49
W, 108.08 (9) . 50.59 - 251.31 "20.15
W, 8.92 (9) 3.46- 28.09. 2.54
) - dsl 8.04 (9) 3.98- 11.23 1.02
14 TL 192.50 (8) | 160.00-232.00 |  8.13
) L 110.44 (8} 56.46 - 185.17 15.19
W, 10.51 (8) '3.72 - 20.43 M
GsI 9.44 (8) 3.14 - 12.14 1.10
15 TL 216.33 (3) 203.00 - 227.00 7.06
— » Wy, 149.80 (3) |  124.53 - 1845 18.09
- W 10.46 (3) 7.40 - 15.52 2.55
- -4 o \
Gs! 6.79 (3) 5.04 - 8.49.} 080
16 TL 22175 (4) .| 203.00-240.00 ™ 9.47
W, 171.13 (4) |. 117.81: 220.47" 25.83
W 9.46 (3) 6.20 - 14.76 2.67
g
/ Gsl 5.91 (3) 5.26- 7.08 0.56
r
18 - TL 297.00 (1). : -
. W, 473.10 (1) - -
' 42.30 (1) - N
& 94 (1) - oo
GSI 8.94-(1)

8L
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Location:.- . Sex: -Status: . Age Variable - Mean: Range: Standard
: o C .«yrs): -o| Measured: - . 'Error:
=i Broad Cove | Male . PT 3% TL * 92.90 (10) 80.00 - 105.00 2.21
-l ‘ ‘ W, 10.77 (10) 6.13 - 15.23 0.80
a* TL 105.00 (1) - -
) , W, 17.66 {1) - -
5% TL 125.40 (15) 11%00 - 138.00 1.91
: T W, 26.47 (15) 17.64 - 37.27 1.35
. _ 6 TL 145.58 (12) | 131.00.- 159.00 . 2,617
) ) W, 42.26 (12) 26.79 - 56.91 2.50
o W 1.50 (12) 0.80 - " 2.57 0.16
3 - ast 3.70 (12) - ‘1.56- 6.54 0.48
8 TL 168.17 (6) | 158.00- 177.00 3.07
7 W, 67.68 (6) 55.11 - 78.97 3.96
% . w 3.00 (s) - 1.70 - 4.88 0.43 .
o 4 - ' .
GsI 4.48 (6) , 2.17 - -6.18 0.59
; 9 TL 175.71 (17) 158.00 - 236.00 4.21
oo - W, 73.76 (16) 55.72 - 102.67 2:06
y S W 3.92 (16) 1.63- 8.29 0.43
o LI ' )
: Gst 5.28 (16) ;| 18- 91 0.50
Ve - 1 R . / T

L

.
&
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_ Age Variable Mean: "Range: - Standard

(yrs): Measured: - : Error:
10 TL 185.67 (3) 184.00 - 188.00 1.20
/ W, 04.01 (3) 85.20 - 104.90 5.78
™ w 5.40 (3), 3.02- 7.14 1.23
| oGSl 573 (3) | 3.20- 7.09 1.22
11 TL 191.91 (11) 182.00 - 203.00 1.99
) w, 99.88 (11) 82.93 - 120.66 3.60
. w 5.23 (10) 3.50- 6.33 0.28
'Gs’I; 5.35 (10) '3.85- 7.21 0.33

. \ LT
12 Lyb .191.82 (17) '174.00 - 241.00 4.79
W, 105.78 (17) _73.16- 197.47. 8.80
W 6.36 (17)—{  8.02-. 12.79 0.63
asl © 6.26 (17) 2.78- 10.35 0.56
13 TL 205.26 (31) 182.00 - 262.00 2.77
W, 125.11 (31) 84.91 - 263.80 6.51°
W 6.35 (31) 961 - 13.50 0.41
cst 5.22 (31) 1.84- 8.80° - 0.31
14 TL 215.32 (22) - | 187.00 - 252.00 3.41
W, 149.38 (22) 98.35 - 245.21 6.86
W 7.93 (22) 3.10- 13.82 0.55
ast 5.45 (22) 216 9.00 0.39

Lany
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‘Location: Sex: 'Status: [~—Age ~| Variable , Mean: " Range: * Standard
| DRSS ' (yrs): Measured: |- Error:
15 TL 221.50 (34) 192.00 - 255.00 | . 2.44
W, 156.29 (35)° 98.05 - 234.69 5.84:
w _ 8.77 (33) 5.21- 15.66 0.49
GsI 5.61 (33) 2.94 - 10.57 0.28
. ‘ ' , o
. 16 TL 233.00 (9) 1205.00 - 242R00 '4.58
W, 187.49 (9) 125.24 - 215793 | 1044
) W 7.93 (9) 5.66- 9.82° 0.50 .-
E 4.30 (9) 3.06- 5.32- . 0.27
GBI o .
17 TL 228.33 (3) 223.00 - 237.00 437 |,
W, .| 17825 (3) 161.63 - 209.15 1547 |
- W 7.76 (3) 4.52 - 10.98, ' 1.87
« Gs’f 4.57 (3) 2.16 - 6.70 1.34
¥ 18 TL 249.00 (i) - -
: W, 208.77 (1) - -
. - " W 4.54 (1) . - .
GS% 2.18 (1) - -
19 TL 249.00 (1). - . -
' W, 231.20 (1) - -
: W 13.32 (1)  |< - -
- Gst 576 (1), - -
",. S = . i " P
T B e e el Il - !
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Location: Sex: Status: |} Age Variabl Mean: Range: . | "Standard
e ' - ) (yrs): Measured: . B Error:
£ . 20 TL 246.00 (2) = | 236.00 - 256.00 10.00
’ W, 206.83 (2) 180.74 - 232.91 26.00 -
, -W 12.05 (2) .10.06 - 14.04 1.99
" . b4 . .
* Gst <6.05 (2) 4.32 --1.77 1.73
% - 21 TL 247.00 (1) - -
Wy - 221.28" (1) - -
: w8 9.31 (1) - -
i 4.21 (1) - -
N Broad Cove | . Male T 13 TL 235.00 (4) |. 223.00 - 244.00 4.60
. W, 186.00 (4) 159.19 - 211.00 11.39
- W 15.13 (4) 9.91-. 23.98 3.08
g , . \
. ast 7.96 (4) 6.23 - 1137, 1.16
iy 14 TL 241.00 (3) .| 230.00 - 255.00 7.37
. W, 202.22 (3) .| 174.68- 241.45 20.14
Bl ’ Y 18.69 (3) 16.25 - 21.81 1.64
% g . . . .
a : . GSI 9.49 (3) 7.46 12-49 1-53
o N 15 TL -237.12 (8 | 220.00 - 253.00 4.03
: W, 185.21 (8) 156.57 - 216.40 7.25
; W - 15.97 (8) 9.58 - 19.32. 1.17
£ { ast 8.70 (8) 4.75- 1067 .| 067

[ -
. —
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Age Variable Mean: Range: * Standard
(yrs): Measured: ‘ o ' - Error:
16 | TL 242.00 (14) 222.00 - 258.00 2.89.
W, 197.31 (14) | 141.12 - 244.86 7.63
W 13.36 (14) 6.09 - 25.26 . 1.48
csl 6.82 (14) - 3.11 - 1’2.58 0.77
17 TL 235.87 (8) 223.00 - 248.00 2.94
' W, 193.72 (8) 157.47 - 220.41 7.41
W “16.42 (8) 7.80 - 28.82, 2.36
ast 8.67 (8) 3.59 -.15.97 1.36
18 TL 237.00 (8) 226.00 - 252.00 2.93°
. Wy 184.72 (8) 164.86 - 217.48 - 6.50
= w 15.53 (8) 5.50 - 20.52 .1.85
) asy 8.32 (8) 3.23- 11.19 0.89
19 . TL. 261.00 (1) - -7
W, 233.01 (1) - -
‘W 15.50 (1) - -
ast 6.65 (1) ° - -
20 TL 246.25 (4) 243.00 - 250.00 1.44
LA 195.15 (4) 192.00 - 202.45, 2.45
] W 14.48 (4) 8.49 - 19.79, 2.33
Ny "Gt 7.43 (4) 4.39- 1030 | - 121

A
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Location: Sex: Status: .|.._Age Variable Mean: Range: Standard
. (yrs): Measured: i Error:
v 2t~ TL . 240.00 (1) - -
W, 208.80 (1) - -
W 20.73 (1) - -
. . .
N . as 9.83 (1) - -
~ - \
: 22 TL 295.00 (1) e e
W, 152.77 (1) - -~
Y 6.10 (1) - -
ast 3.89 (1) - -
23 TL 260.50 (2) 245.00 - 276.00 | ~ 15.50
W, 241.66 (2)- 189.84 - 293.48 -|°  51.82
W 11.75 (2) 11.68 - 11.83 0.07
ast 5.10 (2) 3.98 - 6.23 1.12
\ N
Broad Cove Female NT 5 TL 108.80 (5) 98.00 - 117.00 3.25
‘ W, 16.91 (5) 12.88 - 10.95 1.16
W 1.36 (5) 0.91:- 177 0.14
2
asl. 7.98 (5) 7.07 - 8.87 0.30
6 TL 128.33 (3) 121.00 - 139.00 5.46
w, 28.00 (3) 22.65 - 37.20 4.66
W 2.54 (3) 1.86 - 3.62 0.55
~ Gst 8.95 (3) 821- 971 | 043

4]
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Location -+ Sex: Status: Age Variable Mean: Range: Standard
. ) ' (yrs): - | Measured: _ Error:
7 TL 165.67 (3) £ 155.00 - 176.00 6.06
) w, 68.83 (3) 57.76-'83.21 | - 7.53
W 5.60 (3) . 4.03- 6.95 0.85
Gst 807 (3) |w 6.07- 8.88 0.57"
9 TL 175.33 (3) 167.00 - 190.00 7.36
W, 83.49 (3) 70.88- 98.34 |  8.01
w 7.37 (3) 5.52- 079 1.26
& 8.71 .(3) 7.79 - 9.96 0.65
GSI :
10 TL 168.08 (6) 156.00 - 177.00 2.94
w, 73.62" (6) 61.31- 82.87 13.38
w 1 6.82 (8) 5.25- 9.96 1 0.73
ast 9.18 (6) 7.86 - 12.02 0.64
11 _TL 186.50 (2) | 170.00 - 203.00 16.50
e W, 09.56 (2) 74.42 - 124.70 25.14
| W 7.91- (2) 6.63- 9.18 1.28 -
~ ast 8.14 (2) 7.36- 8.91 0.78
12 - TL 194.50 (4) 186.00 - 211.00 . 5.78
AN W 107.07 (4) 80.70 - 144.98 13.04
- / v w 9.41 o(4) 7.69 - 12.57 1.14
UGt 8.86 (4) 7.43 - 10.68 0.67
] *,
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Location: Sex: Status: Age Variable Mean: Range: ° Standard
‘ (yrs): | -‘Measured: 4 Error:@

‘ 13 TL 203.71 (7) 179.00 - 253.00 | ~.90.39

w, 125.46 (7) 82.44-224.79 | .18.36

’ W 11.39 (7) 6.03 - 24.66 2.32

ast 8.79 (7) 7.31- 10.97 C.15

14 TL 209.54 (13) 181.00 - 255.00 5.47

) W, 132.55 (13) 91.21 - 205.48. "9.04

; W, 10.75 (13) 6.60 - 16.57° 0.81

ast 8.12 (13) 6.84 - 11.0\4 . 0.31

15 TL 226.13 (8) 198.00 - 240.00 5.61

W, 170.25 (8) 107.92 - 205.88 | ° 11.57

w 14.94 (8) 8.98 - 18.39 1.00

b4 2 .

ast 8.82 (8) 7.37 - 10.64 0.33

16 TL 238.00 (7) 213.00 - 271.00 7.67

W, 194.21 (7) 130.92 - 267.90 19.11

W 16.65 (7) 10.43 - 21.83 1.6%

:4 LI °

GsI 8.57 (7) 7.76 - 9.89 0.30

17 TL 252.25 (8) 224.00 - 305.00. 9.72

W, 232.76 (8) 158.87 - 355.39 24.23

w 20.54 (8) 12.11- 2857 4 214

. B -
ast 8.85 (8) 7.09 - 10.49 0.40
\‘/
:/ ,
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. Location: - Sex: Status: Age Variable Mean: Range: Standard
(yrs): Measured: - Error:
18 TL 250.25 (4) 235.00 - 268.0_0 6.79
\Nb 225.86 (4) 178.64 - 279.78 20.92
W 19.34. (4) 12.47 - 26.72 3.05
Gst 8.44 (4) - 6.98- 0.87 0.74
19 TL 267.00 (2) 954.00 - 280.00 13.00
\ W, 283.69 (2) 281.24 - 286.14 2.45
|- b _
W 27.96 (2) 26.41 - 29.50 1.55
ast 0.86 (2) 9.23 - 10.49 0.63
- 20 TL 260.00 (2) | 257.00-263.00 | ~ 3.00
- Wb 256.02 (2) 235.39 - 276.64 20.63 -
X WwW* 20.58 (2) 18.27 - 22.88 2.31
- ‘j )= cst 8.02 (2) 7.76 - 8.27 0.26
: ; 24 TL 265.00 (1) - -
1 ! W, 249.75 (1) - -
. . <
: W 21.83 (1) - -
ast 8.74 (1) - ;
” - NT = nonterritorial
... PT= preterritorial ]
"T = territorial N
TL = total length (mm)
: W, == bady weight ()
#. 7 'W_ = gonad weight (g}
* T g T ’
* " _ GSI = gonadosomatic index (%)
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