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-t ABSTRACT

The redlip blenny (Ophrobiennrus atlanticus ) is a small benthic -

" herblvorous’tlsh commonly fqund on sha(llow water Cétbbean reefs.

Males. and females hold permanent territories and reproduce year

. round, for two weeks every month. Females travel to males’ territories _

to spawn and males guard the eggs until hatching. BotH polygyny and.
polyandry.were observed. - Co \
The monthly repro(ctlye success (RS) of 44 males was '
measured from’ January to August 1986 on the North Bellalrs Reef on
the west coast of Barbados There was sugnltlcant vanatlon bétween
males, in the number of egg batches obtamed and hatched during
‘each reproductnve penod The mtluence of male, nest and tertitory
characteristics on male RS was assessed .Male size explained 43% -
’of the variance in male RS Wlth la.rge males obtaining more egg

" batches than small males. ‘The stze ‘of the Iargest nest enfrance also’ ..

srgnrtlcantly.mtluenced male. RS.!,‘,,,f‘l(Hales with nests having a large

entrance area were more" successful than "other males. None of the

_territory charactenstrcs measured affected le RS. Because male- -
“male interactions were extremely rére, and temales initiated the
\reproductlve process' by travelling to male's territories, most of the
variance in male RS was: attributed to. temale choice. '
.Females approached and spawned with large males more often ‘
than wuth small males. In addition, females ‘dep_osrted larger egg
batches whenzspawning with large males than with small m'ales. The

._reasons underlying female choice for large males were examined.

Large males. lost significantly- fewer.egg batches than small males.
Large males did not achieve: hrgher hatchrng success By possessing
less vulnerable nests, or by belng ‘more aggressive. Instéad, large
males guardrng eggs left thelr nests srgnmcantly less often than smalt
males. . BN N — -
The presence of male mate choice was also observed. Males

- acoepted large females mtp thelr nests and actlvely rejected smaller’

females. Srnce the ane"ot egg batches deposited was posmvely
correlated wuth female, size, males maximised their reproductlve
suocess per ejaculate by matmg wrth large females. '
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The effects of mate choice by both sexes were discussed in the
. context .of sexual selection. In addition the spawning periodicity
observed. in the redlip blenny was explained a§ a male strategy to
maximise reproductive success whlle constrained by the costs of egg, ‘

guarding. ' , - ¥
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"CHAPTER! - INTRODUCTION .

»

%

Mate choice may be defined as any pattern of behaviour shown
by members of one sex that leads to their being more likely to mate
with certain members of the opposite sex than with others (Halliday
1983). The benefits an animal may derive from choosing a particular -

- mate range. from immediate gains such as courtship feeding to the

possiblfé long-term advantage of mating with an individual of high
genetic \quality (Weatherhead and Robertson 1979, but see
Kirkpatrick 1985). The relative gametic investment contributed ty
each parent into offspring will determine which sex: should exhibit
mate choice (Trivers 1972). Parental investment by either sex will
tend to result in the lower-investing sex competing to mate with the
higher-investing sex. The sex investing more is predicted to be
choosy about its mating partners. When care by both parents is
comparable, both. males and females are expected to exhibit some
degree of choice. "

While mate chonce may be exercnsed by euther or both sexes,
iresearch has concentrated on organisms in which females are the
choosier sqx (See Batgson 1983 for review). Females should choose
mates in a way that maximises their reproductive success and the

 fitness of their offspring. They should choose based on: 1) male .

phenotype when males contribute only gametes (e.g. Whitney and
Krebs 1975; Weatherhead and Robertson 1979); 2) male resource-
quality (e.g. Gwynne 1982; Thornhlll 1973) or territory quality (e.g.

Campanella and Wolf 1974; Howard 1978; Jones 1981) when males
contribute materially to reproduction such as in providing nuptial gifts
or oviposition/nesting sites; and 3) male quality when males
contribute behaviourally such as in egg defense or offspring feeding

,(Downhower and Brown 1980). Female mate choicg based on one or

more of these characteristics has been well documented in mammals
(Geist 1971; Cox and LeBoeuf 1977), bnrds (Nisbet 1973; Cooke and

pe 4



' Davres 1983) lnsects (Thornhlll 1976) and amphtbrans (Howard

1978) IR TR

Female choice- in. fish has also been well documented Large

dufferences in matlng success among terrltonal egg guardlng males

. are usually attributed to female chosce based on some aspect of the

o -qualrty of the. male ‘or its terrrtory Male reproductive success in frsh

B

has’ been corre,lated with male size (Downhower and Brown 1980
- Brown y?81 Loiselle 1982; Noonan 1983; Keenleyside et al. 1985

McKa 1986), levels of male aggressron "(Schmale 1981; Jones

- .1981), frequency of courtshrp (Schmale 1981; Jones 1 981; .Cole.

~_‘1982) intensity of breedlng coloratron (Kodric-Brown 1983), prevrous
f.reproductlve expenence aof the male (Ridley. and ‘Rechten 1981;:

_“Marconato and Blsazza 1986), charactenstlcs of nest srte (Perro,nel
4;978 Sargent 1982) and posrtmn and top raphy -of the territory

; \‘ (Jones: 1981 Kodrlc-Brown 1983; Thompsonu 1986) lThese studles

. are useful in that they rdentafy chdracteristics potentially important to
e females However male male competrtron for acqui rttor\t ef breedmg
> terntones is. usually mtense in many specles and may .con the
K "effects of female choice. ln addition, although vanables that. corfelate
. with- male reproductlve suocess are often cited as criteria of female
e chorce there is often no evidence that females are actively choosmg,
and that there are. dlrect reproducttve consequenc%s} to. choosrng
... mates according to those cntera e - :

‘ Although females generally make a greater gametic rnvestment

.in reproductlon ‘than males, ‘and are expected to- be more
: drscnmtnatmg in their choice of potentral mates (Tnvers 1972), males
~may also sometlmes gain by mating drscnmrnately It females yary in
' quallty e.g. in’ fecundlty orin ablhty to provrde parental care and |f

-males are Ilmlted in the number of females ‘with whlch they can .
,successfully mate (Dewsbury 1982; Nakatsuru and Kramer 1982)
.then selectron should favour males choosmg females that wrll yreld
. ;them the hrghest reproductrve return per unit investment. Until .
recently. male mate ‘choice had been largely overlooked Male N

; ".ch0|ce based on female srze has now been shown in. erganrsms m

‘_trwhrch ‘female fecundlty vartes ‘with -body srze such as insects

. (Gwynne 1981; Johnson 1982 Thornhrll and Alcock 1983)
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amphiblans (Berven 1982; Verre! 1982), and fishes (66wnhoWer'and
Brown 1980; Loiselle .1982; Rowland '1982; Sap /gent et al:- 1986).
“Since paternal care is the most common form oftparental care in fish -

| (Keenleysrde 1979) the likelihood of male. chy osmess is tncreased L
' suggestrng that™ male choice ‘could be, a morg wrdespread o

. phenomenon: among egg-guardmg teleos)s than is documented at -

present - - : / e

The main ‘objectWe of this tudy was - tq |nvest|gate;.‘(.' o

sumultaneously male and, female m & chouce in the redlip blenny,
Ophioblennius atlantrcus The /;/edllp blenqy‘ is a small benthic.

herbtvorous fish. commonly found‘on shallow-water Canbbean reefs_ .

o (Randall 1968). Males and feétales defend permanent terrttones -
against_all intruders, especrally neighbouring. conspecifics (Nursall

- 1977). Spawmng takes pIaCe year round, in the first three hours of

- daylight in the week a&ound full moon (Marraro and Nursall 1983)
During the reproductwe peried, males prepare nests in holes or.
depressions on their terntones. Just.followmg sunrise, female$ leave
therrterntones and trAvel tofthose of males. A’ male may either accept-

a female into hls/ nest or chase her: away After a female has

deposrted a batc" of eggs in a male's nest, she retums to her terntory o

- Males guard the eggs until they hatéh, some 106 to 112 hours after
abelle and Nursall 1985). Males are: polygynous tendmg'_ |

the eggs ) 'many femates-each month (Labelle 1982) and qualrtattve‘
evrdenoe uggests that temales may spawn with more than.one male |
during ach reproductive period (Marraro and Nursall 1983). The
suggestton that the species is. pdlyandrous was examtned in the

present study and tnformatlon on the spawnmg penodrcnty of the n
- species was gathered \r looked - at vanatron in. male reproductlve o
. success and presented evidence of male and female choioe: ln the

redlip blenny I mvestlgated some factors tnfluencmg female mate

, chorce (e.g. male attnbutes and/or territory/nest charactenstlcs) and

male choice. Finally, | discussed the potentral reasons underlymg f

mate choice by both sexes, and. how discriminate spawning by both* L

~ 'sexes acts as a constratnt on rpale and female reproductrve strategies
2 in the redllp blenny ' ' : ,

O N
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| CHAPTER 1l.- METHODS

_STUDY SITE ’ ..

“The field study was conducted ona shallow fringing reet north ot
Bellairs Research lnstutute on the west coast of Barbados, West lndles
(69°37'W, 13°04'N; Flgure 1). The reef was approxlmately 150 m
wude and 100'm long. The 60m? study site was situated in the middle
ot the reef at the seaward end'of a spur, surrounded on three sudes by
.sand and continuous wnth the mam reef on the eastern side. Depth
on the sute vaned from.1 m at |ts eastern edge to 3matits western
‘edge. | ¢ o S o
Blenmes were not marked because of the duft” culty in captunng

'.them a[lve. However mduvudual adults were easuly recogmsable by -

bcatlen of thelr territory on tﬁe site, and in some lnstances by
aractenstm or behaviour.. ' :

'SIZE ‘ND'SEX"‘ . | |
| he size of blennles was estlmated by measunng the dlstance

;between natural markmgs on the substrate agamst which the* tlsh o
| rested The sex of blennies was determined using behavuoural '

. observattons Whtch was possible only for sexually mature fish during
the reproductlve benod Two criteria were used to identify .sex: 1)

males typically returned to the same locatlon on their tetritories

| following a dlstu nce, while females resettled at any location within
their territories, d 2) dunng morning observation, males stayed
- within thelrtemtones while females visited other territories. To check

the aocuracy of field observatnons 25 blenmes were: poisonned using

rotenone and brought into the Iaboratory to be measured and their

sex. determmed by the shape of the urogen’tal papilla (Marraro 1978). |
All ‘blennies had’ been appropnately sexed and. their size estlmated to

-

~ within 2.5 mmin the field.

»

A TERRITORY CHARACTERISTICS 3 B
- Territories were dellneated by observmg resndent blenmes
' patrollmg thelr terntory penodlcally and mteractmg with’ nenghbours at

1

Sl



FIGURE 1 - Position of Nonthellair_s Reef on the west coast
" - ‘ofBarbados. .
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territorial boundaries'(as in NUrsall‘ 1E77) Terrltoﬁai Iimits were

: marked with colored nuts and terntcne were rﬂe&sured to Obtaln~a '
“pl_anar area. Five rugosity measurements’ wareL ken for each .

territory- by laying a fine chain five times on the substrate across

o different parts of the territory so as to conform to surface rrregularmes
- The stralght line distance between the ends of the thain above the

coral surface as well as the Iength of the chain lytng on the substrate

-were meas?red The® average, for the 5 straight |ine/rugose distance ,

ratios was used as .a rugosity index of ‘a territory. Rugosuty mdlces

. vaned between sligh ore than 1.00 for neariy flat terntorles t0 1.90
~ for territories with hidffrelief.

The number of male and female blenmes resu;iing ina2m radius
of eath terntory was recorded. The position of each territory on the,
study site was recorded as the. dlstance in metres from the closest .

: seaward edge of the reef ‘ oL

NEST CHARAC'@BISTICS N - | L

. Nest entrances were -measured to the nearesft mm using :

.-calipers. . The size ‘of the largest . entrances and the number of

entrances for each male's nest were recorded Nest depth length
and width were estrmated by inserting a ruler, pencil ora piece of
pliable wire inside; the nest. The entrance drea and volume of edch
nest were then calculated. The numb ruf wall*s’im‘acas (includmg
ceiling and: floor) cleared by 1 the ‘male: t§ receive.‘aggEWreco%ed
This perm\rgd calculation of the mner sur’fac/e\ area ivaﬂabie for egg'
attachment ’ ' T e
AGGRESSION FEEDING AND PATERNAL CARE

. From January 26 to Aprli 26 1986, 18 males qn the study s:te

. and adjacent spurs were eath observed for 10 miputes between

1400 and 1600 hours. These were divided into 2 groups which were
observed on alternate days. For each male, total length, number of
neighbours, territory size and nest dimensions .were recorded:
Aggressive interactions against con- and -heterospecitics were .

‘recorded during each 10-minute period. The identities of participants
in each interaction were recorded. The number of bites taken on the

R



subsl{rate and the time spent in and out of the nest by the focal male .

were also recorded
REPRODUCTIVE SUCCESS

From January to July 1986, spawning activity by)

minutes before sunrise and lasted 2’ to 3 hours: A session was
terminated when no spawnmg had been observed for at least 30
"minutes. All observations were made uslng a mask and snorkel and

were recorded underwater on a plastic slatg. A total of 200 hours was

spent 3bservrng reproductive behaviour in the morning.

The size of the’ study site and the distribution of blennies on the -

- site precluded srmultaneous observation of the entire study
population. “As a result, observations were focussed on males and
their nests, and 4 to 5 groups of neighbouring males and females
were observed sequentially. The time spent observmg each group
* was recorded and later mcorporated in the behavioural data to avoid
bias resultmg from unequal observatron time for each.group.
Approaches were recorded when a female travelled to and
waited at a males termonal boundary Males could then chase or
court approaching females. Visits were recorded when an

redlrp blenn\es;
was monitored from 10 days before full moon (FM-10), untrl 4 days .
after full moon (FM+4). Observation periods typlcally began’ 10

approachrng female entered' a nest. Vrsrts sometrmes resulted into .

| spawnlng Spawning o®curred when a female deposrted a batch of.

eggs irl a male's nest. Spawning could be confirmed upon checking

a nest after a female's visits. However, this caused considerable’

distirbance to normal spawning activity. The pccurrence of spawning

was therefore determined by female movement inside the nest. In

open nests, spawning females could be seen rubbing their abdomen

against the nest wall. In more closed nests, a back and forth motion of
the female's. head through one of the nest entrances indicated-

spawning. Observation of females and:subsequent verification of the
- nests validated this method. In addition, spawning never occurred
during visits of- less than 4 minytes.

The rdentmes of blennies mvolved in approaches, vrsrts and_
spawnmg were recorded. Most approachmg females were rdentlf ed -
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- by 'following them back to ‘their territories.  The identities “of

_participants in any aggressnve intetaction toward con- or

K hetero\Specmcs wére also recorded : >

In August 1986, amphasns was put on finding females spawning
in .the,nests of known males. After femalgs had spawned, they were

. followed back to their territories for identiﬁcation and size
: -measurement THe length and width of egg batches deposited by the

identified females were measured to the nearest mm with cahpers
Nests on the study site were checked every afternoon for the

* presence of eggs. Eggs were easily seen by shining an underwater

Ilgﬁ't into the nest. In more closed nests, a dental mirror and a

flashlnght were used to see eggs on ceilings and otherwise .

inaccessible walls. The number. position and age_of_ eqg batches
were recorded. The. age of egg batches was accurately determined

_usmg Labelles (1982) description of colour change during: egg

development - from light orange when laid to sﬂver; when ready to

“hatch after 106-112 hours. To increase sample size, K 8%addjtional
males were found on spurs adjacent to the main site. Their nests -

were also checked every day for the presence of eggs during.and
betwean reproductwe periods.

~ ANALYSIS

To determlne whether spawnlng in O. atlanticus followed a lunar
cycle, egg batches were grouped according to the portion of the'lunar

- cycle during which they were spawned A X 2 test of equal
. frequencies was then carried out to determine differences between
spawning frequencies in the. four phases of the lunar month. In

addition, the mean number of egg batches spawnedinside the peak
reproductive period (PRP) was dompared to the mean number of egqg

rbatche's spawned outside the PRP by means of a two-tailed Unpaired-

t-test with a level of S|gmf|cance of 0. 05. Consistency of monthly.

_reproductlve success (RS) for males staying on the site more than

one month was analysed using a Spearman rank correlation.

Relationships between male size and nest and territory -

ciaracteristics were analysed by means of linear regression. Prior-to

analysis, all&ata were checked for normality and equahty of variance. \

P
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A square root transformatlon was performed on the slze oﬁhe@gest .

nest entrance to normalise the data.
The influence of male, terrltory, and nest characteristics on
reproductive success, mating success and hatching failure were also
.analysed using _.I‘inear'r“egression, unless the relationships were
signiﬁcantly better fitted by non- -linear - regression When two
cérrélated varlables showed a signiﬂcant effect on reproductive
‘of the sugmﬂcant regression between reproductive
one of the variables were .obtained and used as
corrected values in the regression with, the second variable. This
removed the effect of the first variable and allowed examination of the
independent influence of the second variable on reproductive
_ success (Atchley et .al. 1976; Gibson and Bradbury 1985).




CHAPTER Il - SPAWNING PERIODICITY AND REPRODUCTIVE -
) ... CHARACTERISTICS OF THE STUDY POPULATION,

e Lo @ Although spawning in the" redhp blenny has been
described as*occurring year round and being centered around full

~ moon, additional information on the reproductive periodicity of O.

atlanticus is provided. |

RESULTS ,
Monthly population density varied greatly'on the site, from 0.79 -
4o 5.38 blennies/m2, as a result of a massive juvenile recruitment in
May 1986. The adult populatlon densnty vaned from 0.36 to 1.31
adults/m2, when juveniles were recrunted into the breedmg
population in August 1986. The average size (TL) of males on the
study site was 84.66 £ 0.99 mm (n=44). The average size of females
was 82.75 £ 1.10 mm (n=48)..  There was no significant difference in
the sizes of adult males and females (t=1.283, p>d.25). The adult sex
ratio (1 male:1.09 females) did not differ significantly from unity (X 2=
0.17, p>0 25). . R
A'fotal of 968 egg batches were laid in the nests of the 44 males
observed between January and July 1986. Spawmng activity
increased sharply 10 days before full moon (FM-10), peaked at FM-3,"
. rapidly decreased by FM+6, and remained low thereafter (Figure 2).
The numbers of egg batches observed in each quarter of the lunar
‘cycle were significantly different from an equal distribution (X 2 =
- 330.3, p<0.001). Significantly more batches were laid during the FM-
10 /FM+6 interval than at other times of the month (t=9.779,
p<0.0005). The period between FM-10 and FM+6 was therefore

11‘ . ) "-



FIGURE 2 - Distribution of spawning activity of redlip blennies as
: a function of lunar day, obtained from 6 reproductive
periods (February - July 1986). Closed circles
represent new moon and open circles, full moon.
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defined as the peak reproductive period (PRP). In all months, tides
" were ebbing at dusl< when hatching is believed to occur, during the
PRP's (Figure 3). :

Individual spawmng patterns showed that - all males spawned_‘
during all months of their presence on the study site. Data on the
spawning pattern of individual females are less complete but also
suggest monthly spawning by all females. " :

Apbroaches, visits anpd spawning were most frequent during the

first hour of daylight. Fourty four percent (526/1194) of all approaches
led to visits, and 26 % (137/526) of visits observed resulted in

14

spawning. While paternity of egg batches was readily determmed .

the sequential rather than concurrent observation of groups of
blennies on the site made it impossible to witness all spawning
events and delermihe maternity of all batches. Maternity was

ascertained on average for 59% of batches deposited on the study',

site each month.

Thirty one of 44 (70%) individual males obtaining more than one
'egg batch spawned with 2 or more diff§rent fémales during each peak
reproductive period. Quantitative estimates of polyandry are.
conservative since observations focussed on males rather than on
females, and maternity of all egg batches was not-ascertained.
However, at least 24 of 47 (51%) individual females observed
spawned with more than one male in at least one reproductive period.

Of these, 83% (20/24) spawned with the same male more than once~

in at least one reproductive period.

« Spawning lasted between 4 and 52 minutes. Males were
aggressive to all -intruders, including other approachlng females
when females were spawning in their nests. Interactions between
males were rarely seen. Small males were seen intruding on Iarge
males' terntones twice in oVer 200 hours of observatlon in the
morning. Lafgh.males were never seen mtrudmg on the terntones of
males of smaller or similar sizes. Similarly, interactions between
femalee approaching the same male were absent.

-
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FIGURE 3 - Tidal direction (open squares) prevailing daily at
dusk (2000 hrs) from January to July 1986. Positive
values (0 to 1) indicate flowing tide, and negative
values (0 to -1) indicate ebbing tides. Raw tidal .
data was obtained from Barbados Port Authorities.

- Daily spawning activity is also shown (closed
diamonds) as a function of time. Open circles
represent full moon. '
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Spawmng activity was also . observed outsude the peak

TR

, reproductlve penods (Flgure 2) Elght individual males extended thelr' |
: reproductive activity between two consecutlvq PRPs. There was a

_ tendency for the. average srze of thes
{ -g@ater than the average srze of males iy the study populatlon (84.99

’. sugmfrcantly higher reproductlvec,suc SS (O 69 t 0.07 batches

R 0.99 mm) (t=1.431, 0. 05<p<0 1) Mpreover, these males had a-

' 'hatched / guarding day) in the PRP precedmg the extended spawning )

o penod than the -average RS for all other males i in the populatlon (0.39

+0.03 batches / guardlng day) (t=-3.73, p<O0. 0005).

The ranks of rep‘roductlve success of the elght mdnvrdual males
~ in the PRP followmg the extended bout of spawning d|d not correlate :

3 wuth ranks ¢! RS inthe PRP precedlng it (Spearman rank correlation;

s=0. 09, £>0.5, ri=7). ThlS may be attributed to low sample size (see -

- Chapter v, oo of 7 males had higher RS, 3 had lower RS, and ‘

~-one male had' the same RS before and after extended' reproductlon '

These proportions are.not sngnrfrcantly dlfferent from those found for

‘males;that did not reproduce between PRPs (X 2= 1.48, p>0.1).

; Therefore extended. spawmng does not seem to influence short-term
reproductrve\suocess ’

The onset of egg guardmg was marked by a change in the’,

vbehaylour of males with eggs in their nests. The time males spent
-1|n5|de the nest increased significantly when males obtained egg

batches (t- 30 31, p<0. 0005 n= 188) A concurrent decrease -in
feeding rate was observed  The number of bites taken on the

: -substrate was significantly negatively correlated to the time .spent in
the nest (Frgure 4, r=0.65, p<0.01, p=90), mdrcatmg a potentral
feedmg cost to egg guardlng, Males guardlng eggs were not more

aggreSSWe than males wuthout eggs in their nest (1=0.213, p.0.4,

‘ vn..70) Aggressmn was measured as the number of aggressrve acts
‘. grven to mtruders per 10 min in the afternoon '

JRE T
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FIGURE 4- Number of bites taken on the substrate as a function
of the time spent in the nest by male redlip blennies
per 10 minutes. (y = -0. 257x+78 908) .
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. DISCUSSION ‘

Jres

The populatlon of redlip blennies observed durlng thls study did

‘not show reproductive characterlstrcs different from populatlons

studied previously (Matraro 1978 Labelle 1982).. The absence of -

sexual drmorphlsm and' unlty of sex ratio observed during the present
- . study had already been reported for this specres (Marraro and Nursall_

~1983). Aithough polygy?ly had been observed and polyandry was
. suspected in the redlip blenny (Marraro 1978; Labelle 1982),
- quantitative evidence of polygyny and polyandry have been obtained

for the first time. Over 70% of males obtaining ‘more than one' egg
batch spawned with more than one female’ As well, at least 51% of
females spawning more than once spawned with at least two dlfferent

males. The apparently high proportion of females returning to spawn -

~ with.the same male ;twice d_t)‘ring a reproductive period (83%) is

probably - biased s'ince females may also have spawned with -

unobserved males outsrde the study site or with males that were
observed witrequently. - .

lndlwdual spawning penoducnty in O. atlanticus was. also’

| ted for the first time. All males and females appeared to be
‘repr ducti'Vely active at each peak reproductive period. -

“ 3 .
Reproductlon ln the redlip blenny is closely tied with the lunar

cycle (Marraro and Nursall 1983; present study). In thls study, a

distinct peak in reproduction oocurred three days before full moon.
Peak hatchlng was inferred to dccur one day after full moon, based on
a 4-day incubation-period of O. atlanticus eggs (Labelle and Nursall

- '-1985) However, the reproductive penod was not as drscrete was
previously described (Marraro and Nursall 1983). . A few males (8).

were reproductlvely active for over 60 days or two full lunar cycles
- 'Monthly lunar spawning cycles have been reported in many

‘marine organisms (e.g: Luckhurst and Luckhurst 1977; Johannes
1978). Various hypotheses have been proposed to account for the .
presence of lumar spawning activity in reef fishes (Allen .1972;

Johannes 1978; Lobel 1978 Pressley 1980) _The hypothesis

20,
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larval and egg predatron by facrlrtatmg their transport offshore away
from reef- assocnated planktlvores (Johannes 1978). It is also
believed ‘that moonllght might help phototactic- Iarvae avoid benthlc
predators (Allen 1972; Moyer 1975). S

These hypotheses are not mutually exclusive and both may
contribute to an explanatron of spawning penodrcrty in the redlip
blenny Hatching is believed to’ occur at dusk:in O. atlanticus
(Labelle' and Nursall 1985). Tides were ebbing at dusk in the period

of peak hatching every month of this studyl thus sweeplng larvae off

‘the reef. A second peruod of ebbing tldes at dusk consistently

21

occurred around new moon. On the basrs of the flrst hypothesis ‘

alone, one could not explain the absence of a second peak of

reproduction around new moon. However, larvae of O. atlantrcus are' -
' positively phototactlc upon hatching (Labelle and Nursall 1985) ‘and

will be attracted to high surface illumination. Peak hatching in redhp :

blennies thus should occur only at.ebbrng tidessand at maximum

‘moonlight intensity if larval survival is1d be maximised.

. Reproductive synchrony cued on tides or intensity of moonlight is
usually seen as a mechanism used to increase elther Iarval survival

~or the hkehhood that gametes will be fertllnsed However,

reproductnve synchrony, at least in demersal egg- guarding species,
*.-may also be used as a reproductrye strategy by males constrained.by
- egg-guarding costs. Continuous availability of r|pe females is

suggested by the long reproductive period of some males. This,

associated with a marked spawmng peak suggests that' males control

- the timing of reproductlon ~oe .
The feeding cost associated with paternal care may limit the
 number of days a male can spend guardmg i this is so, all male
blennies should therefore concentrate their spawning, activity in the
most optlmal penod for larval survival, i.e. around full moon. Although
nothing prevents males from ‘'Gheating' and spawning outside the

peak reprod ductive penod because of the feeding cost assocrated with
egg guardmg, it seams that only, large males can ‘cheat' and sustaina -
low feedmg rate for extended periods of time. . Although there is no
evidence that extended reproduction affects deletenously short-term .

Oreproduc'uve success, long-term effects cannot ‘be ruled out. - In

L
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addition', since spawning outside the reproductive period could have -

a major effect on larval survival, the apparent increase in reproductive
~ success, measurad.in number. of batches hatched, resulting from
extended _spawning may not be matched by an equal increase in the
) number of larvae surviving and recruutmg onto the reef, which is the
ultlmate measure of reproductnve success.
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CHAPT‘ER V- MALE REPRQDUCTIVE SUCCESS AND FEMALE —
A MATE CHOICE - -
f ) . : B . 1 .

‘ Variarnce ‘in male reproductive success usually ,reflecte the
intensity of sexual selection on males (Wade and Arnold 1980). This
variance may be the result of m'ale male competition, female choice,
or both. The objectives of this chapter were: 1) to measure the
‘variance in reproductlve success of male redlip blennies; 2) to identify
_some co(relates of male reproductlve success; 3) to determine the
,relatuve importance of male competmon and female choics; and 4) to
‘examine the potentlal advantages to-females of choosmg maleé
according to the ‘carrelates identified.

. e
RE_SULTS |

Variance in male reproductlve success
To account for egg batches Iost before hatchmg. male
reproductlve success (Ré) was expressed as the total number of egg
* batches guarded and successfull hatched per réproductive penod
Male RS varied between 0 and 21 egg batches per reproductrve
period (Figure 5) with a mean of 6. 9 batches per reproductlve period.
Males stayed on the study site for 3 months, on average, before * -
' drsappeanng as a result of predatron The variable length of residency
of mdnadual males made companson of reproductive sugcess betwe
morey/ than two consecutive-months ditficult. When few males (<1
were present in two or more consecutive months there was no

significant - correlation between the ranks of individual males’
reproductive suocese 'Spearman rank correlation; rg<0.50 for 3 pairs of

‘consecutive mon‘m sowaver, for June-July, _the trend in
reproductlve sucnesc amenq males was consistent with males with

high- and low-suczerss manma,.nmg their relative rank between months
(rg =0.63, p<0 00", n=2

23
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FIGURE 5 - Distribution of repi'oductiye success of 44 male
redlip blennies. :
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Correlates of reproductive success ®

. Reproductive success, expreSsed as the number of batches
‘-hatehe'd per guarding day, "'was separated into two_components: m_eiti'ng
success (MS), or the number of batches“btained per guarding day,
and hatching failure (HF), i.e. the number of batches lost.before
hatching. The relationship between eleven characteristics of male& nest
and territory quality (Table I) and male reproductn{e success and its two
components were examined (Table ll)

Male size and three of four nest characterlstlcs were significantly
related to- male mating success (Table |l). However, nest volume and
surface area were also significantly correlated to male size (Table lI).

- The.effect of male size on mating success was removed by using the
residuals of the mating success vs. male 9ze regression. These
residuals were then regressed onto volume and surface area. Once
the effect of male size was removed the influence of nest volume and
surface area on male mating success became non-significant (volume:
r=0.22, p>0.10, n=31; surface area: r=0.31, p>0.10, n=34). The size of
the Iargest nest entrance was not correlated to male size (Table 1lI);
thus its effect on MS was mdependent of male size.

There was a trend for owners of nests with many entrances to
obtain more egg batches than other males but this trend was not
significant (Table I, 0. 1>p>0.05). None of the terntory characteristics
had a significant effect on mating success. -

The second component of reproductive success, hatching failure,
was signiﬁcantly influe'noeq by male size (Table Il). Large” males lost
fewer batches than small males (Figure 6, r= -0.42, p<0.01, n=41).

- Hatching failure was also significantly correlated with aggression ip the -
~afternoon (Table H).  Males showing high levels of aggression lost
significantly'more batches. In addition,.there was a tendency for the |
size of the largest nest entrance to correlate positively wth the number
of batches lost (Table Il). Territory characteristics did e affect hatching
failure.



TABLE 1 -Characteristics of male, nest and territory quality measured
in the field and included in analysis of mating success,
hatching failure and reproductive success. |

MALE QUALITY NEST QUALITY TERRITOhY QUALITY
Male size Volume Area .
Male aggression Surface area Rugosity
Number of entrances  Number of female
neighbours
Largest entrance area .Number of male
, neighbours
Position

27



TABLE Il -Effects of characteristics of male, nest and territory quality on
‘ - male mating success, hatching failure and reproductive:
success. ‘Pearson correlation coefficients and levels of
significance are given. Square-root of largest nest entrance
-area was used in the analysis to normalise the data.
Sample sizes are given in (). ** =p<0.005, * = p<0.05,
¢

$=0.1>p>0.05
<

*

o~

© 0.19,(40)

VARIABLE MATING HATCHING REPRODUCTIVE
, SUCCESS FAILURE SUQC~ESS ‘
. ‘\

MALE QUALITY — — ,
Male size 0.38 (41)*  -0.42(41)*  0.65 (41)**
Aggression (AM) 0.35 (22) -0.28 (22) 0.35 (22) -
Aggression (PM)  ---- 0.57 (14)* 0.56 (14)*
NEST QUALITY ¢ |
Largestentrance 07 (34)**  0.29 (34) 047 (34)*
# entrances 0.28 (37)* -0.10(37) 0.28 (37)®
Volume 0.49(34) 0.12(34)  0.49 (34)**
Surface area 0.52 (31)* -0.18(31) 0.52 (31)**
TERRITORY QUALITY
Area 012'(26)  0.04(26)- -0.06 (26)

* Rugosity 0.10(26)  0.17(26)  -0.05(26)

- Female neighbors  0.23(37)  0.08 (37)  0.13 (37)
Male neighbors  0.{9(39)  -0.07 (39)  0.23 (39)
Position 10.10(40)  0.004 (40)
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TABLE Il - Pearson correlation coefficients betwen male size and nest
characteristics. Square-root of largest nest entrance area
was used in analysis to normalise the data. Sample sizes
are given in ( ). Probability levels: ** = $<0.005, *=p<0.05,
¢ =0.1>p>0.05 ‘ )

VARIABLE LARGEST NUMBEROF VOLUME SURFACE

ENTRANCE ENTRANCES AREA . 7

» . @ - . ‘ . -
Male size -0.07(37)  0.10(37)  0.34(37)* 0.53 (32)**
. Largest entrance "-0.31 (37  0.40 (37)* 0.19 (32)

/

# of entrances 1 0.34 (37)" .0.18 (32) -

Volume .- . 0.60 (32)*

[+
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o FIGURE 6 - Number of egg batches lost per guardmg day as a

. function of male size, for 41 mdeual males.
(y_-0011x+ 1. 091)
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- Through its effects on both matmg success and hatchmg fatlure
‘male size was the variable that explained the largest amount  of
varrance in male reproductlve success. (Table ). Once the effect of
male size on reproductlve success was removed nest volume and
surface area did not explam a srgnmcant amount of variance in male. .
RS (volume: r=0.08, p>0.25, n=34; surface area; r=0.23, p>0.25, n=31). -
' The size of the largest nest entrante was also sugmfrcantly correlated
~ with male RS (Table ). Reproductuve success increased as the size of
the largest nest entrance mcreased - None of the terntory
chardcteristics measured affected rep‘roductrve success srgntfrcantly
(Table Il) R '

Female mate chouce or male’ competrtlon” .

‘Interactions between males were rarely observed dunng morning. .
observatrons (Chawpter_lll), and only occ_urred in vthe context of. .
interactions with neig'hbours in the afternoon It is therefore unlikely -
that dlrect male’ competrtton in the form of overt aggressuon or
tnterference isa major source of vanance in male mating success.

However, there was evrdence o suggest that females were

actrvely choosing their mates. The pattern of approaches of males by -
females was significantly different from random (X 2 = 17.16, p<0 001)
and showed that females approached preferentially - males that were
. -larger-than themselves (Fugure 7) The largest females were tie largest }
“blennies in the population, thus ‘could not approach males larger than

- -themselves. . They were therefore excluded from the analy5|s '

; A Large males were also approached by females more often than ,
small males (thure 8, r= 0.62, p<0.005, n=23). To contrql for the
longer’ reproductlve ‘period of larger: males (see below), the analv.,rs
was repeated using only data obtatned on days when ali males on the .
‘site were reproductlvely active. The rate of approaches by females .

;- was stili correlated with male snze (r=0. 45, p<O 05, n=20), mdlcatmg=
that when all: males were avarlable females Breferentrally approached
large males. However the number of visits by females to males' nests/
.30 mlnutes was not correlated with male size (r=0.24, p>0 10 n=25).

Rates of female visits may have been mfluenced by courtshlp mtensuty,

-
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FIGURE 7 - $ize of males approached as a function of female
size. The line (slope = 1) represents theoretical
~ choice by females for males of equal size.
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FIGURE 8 -- Number of approaches by females °pe|: 30
., minutes as a function of male size, for 23 -
- individuat maes. (y="0.168x - 10.946)
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which was not quantified in this study. The*outcome of visits (i.e.
spawning or no spawning).was influenced by male size! Large males
obtained significantly more egg batches per guarding day than small
males (Flgure 9, r=0.38, p<0.025, n=41). This suggests that females
prefer to spawn with large males. '

.. Female size and egg batch size were sngnmcamly correlated
(anure 10, r=0. 22, 'p<0.001, n= 41). The refsuduals of each point on
Flgure 10 -were sngmflcantly correlated with male size (r-o 33, p<0. 05,
n=41), indicating thatonce the effect of female size was removed male
size explained a small but S|gn|f|cant proportion of the variance in egg
‘batch size. Thus, females may be able to vary the number of eggs they-
release according to the size of the males with which they spawn, and
will release more eggs when spawning with a Iar_ge ‘male than with a
'small male. The sizé of egg -bathes released was not correlated with_
nest surface area (r=6,24, p>0.1, n=34), nor with the number of batches
already present in the nest (r=0.16, p>0.25, n=37). _

Rates of approaches: and visits by females were not correlated

‘with the size of the largest nest entrance (approaches r=0.09, p>0.25, |

n=20; visits: r=0.25, P>0.25, l\ 21); However, males with largest nest
entrances obtained more batches than other males (Table I).

Why choose partlcular males? | A 4

Large males lost fewer egg batches than small males (Flgure 7.
Table 1l). Males having nests with large entrances tended to Iose more
eggs than males having smaller nest entﬁnces :

The last egg batch deposnted in any nest at the end of a
reproductive period had a greater probability of disappearing belore
hatching than batches laid earlier during 1h_é'reproductl\fe period
" (hatching success of last batches: 44/99 or 44%; hatching success of all
other batches: 782/869 or 90%; X 2=227.98, p<0.001). There was no
relationship between the hatching probability of last batches and male_
size (r=0.15, p>0.25, n=41). ‘

" Male aggression against intruders;in the morning was mgmfncantly
correlated with maleé size (r=0.49, p<0.05, n=25). Aggressive acts were -
“directed almost exclusively. against approachlng females .Morning
aggression rate was also correlated with rate of female approaches to



" FIGURE 9 - Number of egg batches obtained by males per
. guarding day as a function of male size, for 44
\ indvidual males. (y= 0.795x - 54.219),
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FIGURE 10 - Size of egg batches as a function of female
size. (y =0.795x - 54.219)
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males’ territory (Figure 11, r=070, p<0.005, n=23). Once the effect of
approach rate was removed, there, was no significant relationship
between aggression and male size (r=0.06, p>0.25, n=23). High
‘ aggressuon rates by large males in the morning may thus simply result
from high intrusion rates, and- hence not be related to more intense eqg
defense by large males.

- There was no relanonsh:p between aggression rate and male size °
in the afternoon (r=0.20, p>0.25, n=14). High aggression rate appears
to .be deleterious to efficient egg guarding. - Aggression rate was
s‘ignificantly correlated with the number of egg batches lost (Table I1). In
addition, the total number of aggressive acts per observation penod
was signifi cantly correlated with the size of the largest nest entrance
(Flgure 12, r=0.68, p<0.01, n=17), and owners of nests with large nest , .
entrances tended to lose more batches than males having nests with
smaller entrances (Table I1). Since aggression rate reflects the rate of
mtrusnon on males’ territories, nests with large entrancespmay have
been more attractive to predators. ‘ '

The time spent in tha_pest b guardlng males was correlated with

- male size (Figure 13, r=0.54, p<0. ). The time spent m the nest
by males was not related to the numb of egg batches present in the
nest (One-way ANOVA, F=1.193, p>0.25, DF=178).

) The length of the guarding period, expressed as number of
guarding days per reproductive period, was significantly related to male
size (Figure 14, r=0.59, p<0.0001, n=44). Large males obtamed their
first egg batch earlier (r=0.49, p<0.01, n=37), and stopped guardirig

ﬁ}{ later than small males (r=0.49, p<0.01, n=37).
Bt
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FIGURE 11 - Number of aggressive acts given by males in the . q
morning as a function of number Qpproaches by
females to males' territories. (y=0. ésx - 0.021)
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FIGURE 12 - Average number of aggressive acts given per 10
minutes in the afternoon as a functien of the
square-root of the size-of the Igrgest nest
entrancs, for. 17 individual male ,

. (y=0.198x-0.193) -
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FIGURE 13 - Time s in the nest by males per.10 L
R ' minmmafunction of male size, for 22
individual males. (y = 7.278x - 188.407)
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FIGURE 14 - Number of guard ng days per reproductive period:
as a function of male size, for 44 individual males.
(y=0. 667x 44.055) -
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DISCUSSION -

Male reproductive success: Variance and Correlates

Repry/ ctive success of individual ntiile redllp blennies was
variable. Although the differences in reproductive success could be
consistent between two consecutive months, it was impossible to
determine whether these short term differences reflect variance in
lifetime reproductive success. ‘ :

- Reproductive success was separated into two components: matung
success and hatching failure, to. determine if different factors governed
the ability to obtain and to hatch egg batches. Matmg success of
individual males was related ‘to male size .ard .to' one nest
characteristic. Slze~dependent mating success has been reported in |
- other egg-guardmg teleosts. In damselfish (Schmale 1 981), mottled
tnpleﬂn (Thompson 1986), stickleback (Sargent and Gebler 1980),
mottled sculpin (Downhower and Brown 1980), and in various cichlids
(Perrone 1978; Noonan 1983; Keenleyside et al. 1985), Iarge males
. obtained more egg batches than did small males. Since size Is often
correlated with age in teleosts (e.g. Grant and Colgan 1983), age may
have also been a factor influencing male reproductive success.
However, age could not be determined during this study.

Territoriality is often associated with male parental care and the
effects of territory quality have been considered in numerous studies.
Howaever, results conflict as to the importance of territory quality to male
reproductive success (Jones 1981; Kodric Brown 1 983; Thompson
1986), The charactenstlcs of territories measured in this study: territory
. area, rugosity, number of male and female neighbours, and the position
of territories on the reef, did not have a significant effect on male RS. -

effect of temtory posmon could still be. |mportant to reproductlve ‘
&ess when measured in terms of larval survival smce the distance of
the territory to the closest seaward edge may affect the probability ot
larvae being successfully swept off the reef, away from planktivorous.
- predators (Johannes 1978). However, the .lack of importance of
territory characteristics on reproductive success is supported by the fact
that territory shifts by male blenmes were not observed (Nursall 1977

TN
A
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‘pers obs.); thus males did not seek to lmprove the quallty or posmon of
their territory. '

. Despite the obvious importance of nests ‘to' demersal egg-
* guarding species, few -researchers. have attempted to quantify nest
su'itability. Nest depth in the water column in the cichlid, Cichlasoma
maculicauda (Perrone 1978) and concealment of artificial nests in
stucklebacks Gasterosteus aculeatus (Sargent 1982) have been found
to influence male RS. However, nest dimensions have never been
quantified before nor has their effect on reproductive success been
~evaluated.  This study provides evidence that at least one nest
characteristic, the size of the largest nest entrance, was correlated with
male mating success. " Males having nests with a large Feet entrance
" area obtained more egg batches than other males. The  size of the nest
entrance may influence water circulation inside theﬁlest may and could
be crmcal in msunng proper oxygenatlon of the eggs ) '
the protogynous wrasse, Pseudolabrus celidotus (Jones 1981) dnsplay
rate by males significantly affected reproductive success. Display rate
was not quantified during this study, but qualitative observat:ons |
suggested that intensity of courtship varied among males, and could
have influenced male mating success. :
~ The second component of reproductive success, hatchmg fallure_
was also affected by male size and by the size of the largest nest
~entrance.. Since mcreAsmg male size resulted in both increased
number of batches obtained and reduced number of batches lost, male
size was the variable thCh accounted for the largest amount of
variance in male reproductlve success. Alternately, the size of the
|argest nest entrance had opposite effects on each component of male
reproductive success. Large enfrances resulted in higher mating
success but also increased number of batches lost. Males may
‘therefore face a tradeoff when selecting a nest. However, since the
overall effect of mcreasnng size of the largest nest entrance is an
increase in reproductive success, the effect of nest entrance on mating
success may overnde its effect on hatching failure.

D
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Male competition or female choice? . 2

Although small males are physnologlcally able to spawn, they
usually obtamed fewer batches than larger males. In other species,
“that is often because aggressive dominance of larger males results in
large males controlling better terntones/ovuposutnon sites (Kodric Brown
1983; Thompson 1986). " In such situations, apparent female chouce for
larger males may be confounded by the ability of large males to obtain
high quality territories. That may not be the case for redlip blennies,
which grow on'the territories where they settled as juveniles (Nursall
1977).. There is no 'floating' population of adults waiting for space to-
__ become available on the reef and competition for territoriés is absent
among adult fishes. In addition, this study has shown that territory
characteristics did not influence reproductive success. Reproductive
interference by large males is also unlikely since male-male
interactions were rare during reproductive hours, and only occurred in
‘the context of interactions between neighbours at other times. of the
day. Intrasexual selection is thus apparently absent in the form of male
competition for high quality territories or as intermale competition for
access to females. The variation observed in reproductlve success is
therefore probably determined largely by female choics. .

The initial choice of mates is done by females which leave their
territories 18 visit those of males. Females approached males larger
than themselves more often than smaller males, indicating a preference
by females for large males. In addition, large males obtained more egg
batches than small males. Further evidence for female choice was the
tendency for females to deposit larger egg batches with Iarge males.

Why chodse particular males?

Female mate choice for large males in terntonal egg- guardmg
teleosts has been well documented (Perrone 1978; Downhower and
- Brown 1980; Schmale 1981; Grant and Colgan 1983,‘huonan 1983,
Keenleyside et al. 1985; Thompson 1986). However, the reasons for
choosing large mates have been investigated only in two freshwater
species. Dowﬂnh'ower and Brown (1980) suggested that female mottied
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sculpins prefer large males bacause their egg batches have a higher
probability of hatching. They identified three mechanisms by which.
large males oould'improve_ the survival of egg batches: large males
abandon their nest less frequently'than small males; egg losses to
cannibalism or predation occur less often when a large male guards a
nest; or large males remain with the fry for longer periods after
hatchmg Similarly, Grant and Colgan (1983) found that older male
johnny darters were more agaessave than small males, had a higher
hatching success, and were chosen by females more often.

Female blennies may prefer large males because they lose fewer
egg batches than small majes. Large males can achieve lower
hatching failure either by possessing good nests or by being good egg
guardians. A good nest may be defined as one in whuch egg survival is
high. The size of the largest nest entrance ‘was the only variable
measured which affected the number of batches lost to predation. For a
given male size, owners of nests with large entrances tended to lose
more eggs than those with smaller entrances. Therefore, a good nest, .
in terms of egg survnval is one with a small entrance. All large males, "
however, did not possess such nests. Therefors, large males did not
lose fewer eggs because they possess 'better' nests, consudenng the
variables measured in this study. |

- Large males may be better egg guardiahs either through
. aggression towards potential predators, or passively, by remaining
close to the eggs/nest. Large male blennies were more aggressive
than small males during morning observations. Aggressuve acts were
directed mainly towards approaching females. However, large males
"also had more females approaching and mtrudmg on their territories
than small malef\ane the effect of approaches was removed, there
was no relationship between male size and aggression. High rates of
aggressuon by large males in the morning may therefore reflect higher
m_trusuon rates on large males' territories rather than more active nest
defense. In the afternoon, larger males were not more aggressuve than
small males. Note that the intensity of aggression was not quantified
and may have differed between males. 'However, males whose nests
had large entrance areas were more aggressive than other males. The
pattern .of batch;l%ss suggested that nests with large entrance area
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tended to be more vuinerable: to predanen ngh rates of aggression by
owners of these nests may therefore reﬂect the higher attractiveness of
these negts to egg o atom hles were more aggressive to intruders
when guarding thart“small.ppale's in mottled sculpins (Brown 1981), in
johnny darters (Grant and olgan 1983), and in damselfish (Schmale
1981). Howaever, in those studies, no attempts were made to measure
rates of intrusion on males' territories or nest vulnerability. o

If aggression rates reflect ability for egg guarding, Iarge male
blennies were not better guarders than small males. - In fact, high levels
of aggressuon by males resulted in higher hatching failure, indicating
that egg defense is prob&bly not achieved by this means in O.
atlanticus . However, large males did spend more time in their nests

~ ithan small males. This form of passive egg guarding may be an

efficient method to prevent predators from entering the nest.

Fmally, female blennl ' y also-prefer to spawn with large males
because those males are- ikely to abandon their nests. Males may
abandon their nests because P cost associated with egg guérding-
(Chapter [ll). In redlip blennies, the last batch deposited in a male's -
nest had a high probability of disappearing. Females should therefore
avoid being the last to deposit an egg batch in a male' s nest. Si'nce
large males end their reproductive season significantly later than small
males, females may decrease the probability of depositing a last batch
by choosing to spawn with large males. - f‘ .




CHAPT%F! V - MALE MATE cHOICE

oo Although most of the variance in male reproductive success was
-ascribed to female mate- choice (Chapter IV), this may not be the only
force shaping the mating system of O. atlanticus . Rejection of some ,
females by males has been observed in an earlier study of the, redlip
blenny (Marraro 1978), suggesting that male mate choice may also be
present. IR .

RESULTS

The sizes of males and females in spawning pairs were
sugnmcantly correlated (Figure 15, r=0.75, p<0.001, n=37). This could
'- resul_t_‘ from mate choice by either or both sexes. However, there was
evidence that males actively choose their mates. Sufficient datagon
rates:of rejectuon by males of approachmg females were available for
only 9 males smee not all approachmg emales were identified, and
; _ﬂg{ing‘\whigrt -ma*leé‘m not already have a
cot l?ﬁ%dﬂ hesav bragq sg.e“of females
ippioach wa: "’ateéfthan tl;1§~ave - esuze‘

i of temale abproaches to males temtones per 30 minutes
was sngnllicantly correlated wnth male size (Figure 8).

batch size’ was sigmf' cantly correlated with female size
aWnIng tlme or the tlme requured by a female to' deposrt'
an e'tﬁgtch in-a’ malee nest was not correlated with female size:

)



s

FIGURE 15 - Average size of females as a fu’r’l*f,j'nale size
in spawning pairs. Standard e out the
means are given. (y = 0.80x + 14.87)
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FIGURE 16 - Average size of females approachmg males as
a function of male size, for 9 individual males.
Open squares represent females accepted into
the nest. Closed squares represent femalgs
' rejected Standard errors about the means are
given. -
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* DISCUSSION , , Q - Ty

_ In redlip blenmes the s:zes of males and females in Spawn%
parrs were’ srgnmcantiy corralated. In the absence of . lntrasexu al
competmon that can only result from mate: choice by both se;ces

Recent laboratory experiments suggest that mate choice by males may 5o '

~occur in fishes. Male sticklebacks (Gasterosteus aculeatus )
preferentlally courted the larger female and the larger female dummy 4
when presented with pairs of females or dummles of unequal -sizes '
‘(Rowland 1982; Sargent et al. 1986) Simfarly, male pupflshes

(Cyprinodon-macularius ) courted and spawned more oftén with larger . '

females‘in a free-choice sutuatlon (Loisslle 1982). In the coho saimon
(Oncorhynchus kisutch ), a species with female parental care, males
“distributed themselves among females in direct proportion to female .
quallty. devalued by male competltlon (Sargent et al. 1986) In the
s Iatter two cases male parental care IS not extensrve but in_all cases, h
female quality varies' sugmf icantly. : S
The results of this study indlcate that male redlip blennles aiso'
preferred to spawn. wnth Iarge females and actively rejected smaller -
- females. Fecundlty increases wnth body size in female blenmes_
(Labelle 1982) tollowmg the pattem descnbed for female teleosts
(Bagenal 1967) This affects the suze of slngle egg batches deposited; .
by females, whlch inCreases with increasing female body sizeg,
_providing high variancé |n female quahty which males may use to
duscnmmate amorig, matlng partners B

- Dewsbury (1 952) suggested that males may gain by trying to mate o

: wrth high qualltY femaies it they are limited in the _number of females . “
~with which théy. can suwessfully mate. One type of: llmitation ta-the -

‘ number of matings a male\can achieve is sperm depletion which has o
been documented in the’ lemon tetra Hyphessobrycon pulchnpmms- |
(Nakatsuru and Kra/er 1982) In that species, males produce multlple';

, ejaculates avery’ day, a rare. occurrence in-. l'edlip blennies. “Malg.

4 .~ blennies observed: in this study seldom obtained more than one egg .
i,@ batch per day. However. ine Blenn:us bas:liscus a Mediterraneanl; L
- relative of .O. atlantlcus males must mamtain a sperm suspension
msude thelr nests to lnsure fertliisatlon oi eggs _beiore they attach to the

-
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nest walls (Heymer 1985). That process could also occur in redlip
~ blennies, possrbly limiting the time a ‘malg can remain reproduchvely o
actlve orthe number of females with which'a male can. mate.

' Spawnlng and guarding costs may also explain why males should |
spawn wnth large. females. If reproductwe return obtained by males -
after a matmg investment is defined as the number of eggs obtained
per mating devalued by the number of matmg opportunities lost while
-spawning, the time spent. spawnmg could be a significant factor

| _ influencing male choice. Tume invested per female was an .important

criterion of male mate choice in the amphipod, Gammarus
lawrencianus (Hunte et al 1985) Slnce spawning time and fe!male_
. size were’ “not correlated in blenmes large female will- deposat more

©~_eggs per unit time than small females ‘Within size classes, eles will

lose a similar number of mating: opportumtres when accepttng & female
‘into their nests to spawn. However large males are approached by
potenttal mates more often.than small males S0 may have mare matmg
opportunmes to Iose than small ‘males. This cost to larger males
relative to small males may be offset by the fact that females tend to lay‘
larger egg batches in large fnales nests. o
Male blennies lncur:rat least one s:gnlﬂcant cost when guardrng

There is a feedlng co‘t asSocrated with egg guardmg (Chapter 1,
~ which could be translated into costs to growth and future reproductive
~'success. Male blennies should therefore'httempt to -maximise: their
“'reproductlve success while mlmmrsmg the time spent guardlng and,
~hence, the- cost of guarding. Thls goal could be achieved by mating
with large females to obtain as many eggs as possible on the same day
'so as to decrease the tlme spent guardmg (Figure 17). Since male
‘ redlrp blennles rarely obtain - ‘more than one egg: batch per day, the
number of eggs obtarned per day may be increased by increasing the
size of egg batches.obtained through preferential mating with largev
females. The variation in egg batch size. (Chapter V) appears to be
sufficient for the model to be reallstrc o A -



FIGURE 17- Model of the effect of egg batch size (or female snze) ;
on the number of batches necessary to filla
hypothetical nest and on the number of guarding
days necessary to hatch all atches in the nest.
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| CHAPTER IV - GENER-AL DISCUSSIO_N

In most systems the. process of sexual selectlon is a mixed one in
which both intra- and mtersexual selection operate and the effects of - -
each are difficult to separate (Maynard Smith 1978). The presence of
variance in reproductive success in one sex usually suggests that
sexual selection is acting on that sex. In this study. all male blennies
did not do ‘equally well, large males obtamlng and hatchmg more egg
batches than smaller males. Although reproductive success of females

~ was not measured during this study, variance in reproducllve success

may also be expected on the basis of the size-related fecundity
observed in female redlip blennies (Marraro 1978; Labelle 1§82)
Althougn size appears to be a major determinant of reproductive
‘'success for both males and females, it is unlikely that individuals of a
same sex will achieve a similar lifetime reproductive success, given the
variable lengths of residency, hence of lifetimes, of blennies observed
on the study site, and possuble vanatlon in growth rates wnthm size
- classes. _

Differences in reprdductive sucoess among males may arise as a
result of contests between males (Trivers 1976; Howard 1978; Sargent -
and Gebler 1982). In redlip blennies, male- male interactions during
~ periods of reproductive. actlwty were rare. This does not exclude the
possibility that oompetmon between males may assume a more subtle
form, such as. increased ‘courtship dlsplays by males when a lemale
~ approaches a neighbouring male. However the influence of male
interactions probably accounts for little of the variance in male‘
reproductive success.

The relfatlon of male lnteractlons to a minor mfluence on matlng
success is' eften taken as evidence that femaie’ choice has a major
effect on the mating dlstnbutlon (Gibson and Bradbury 1986). Because
female blennies initiate the reproductive process, they appear to have

oonsuderable control over the allocation of matings. Empirical evudence
of female choice was obtained. Females approached, spawned and
deposited larger egg batches with. large males more often than with
small males, thus exercssmg mate choice. ‘

65 -
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‘Direct competition between females for access to males was not

'observed and is not believed to have influenced female reproductuve
success stgnmcantly However, males were observed exercusmg mate
choice by rejecting females smaller than the females they accepted into
their nests. Intersexual selection may therefore be the ma]or source of
variance in both male and female reproductive success. '

To act as a selective force, mate choice must influence the
reproductive guccess of the individual choosing. Reproductlve success
of male redlip blennies may be divided into two components: 1) the .
number and size of batches obtained:; and 2) the hatching probability of -
each batch of eggs. The second component is a direct function of male

. size. Female reproductive success may, in turn, be separated into two
similar Components: 1) the number of eggs produced (which includes
number and size of batches produced); and 2) the hatching prodablhty
of each egg produced. The first component of female fitness is a’ direct
function of female size. =

Male choice may mfluence the number of batches obtained, and

- will definitely influence the size of batches obtained, since males prefer

to spawn with rarger females, and Iarge females produce larger eqg "
batches. Stmtlarly. female choice will enhance female reproductive” -

success since females prefer to spawn with large males which lose - '

fewer egg batches than small males. Choosing mating partners will L
therefore affect directly a@gndlwdyals reproductive suceess, but full
benefits will be realised only if both males and females mate wuth the
largest possuble members of the opposne sex.

However, there are factors which may restrict the range of choice
in'mating partners available to males or females. Time and distance
have been j identified as constraints on female choice in the mottled °
sculpin C ‘3_ bairdi . (Brown and Downhower 1983). To delay
spawning “#hén searchlng for'the ‘ideal’ male may be costly it egg
batches Ia%later have a lower probabthty of hatching (Downhower and
" Brown® "1980). Stmtlarly, in redlip blennies, the last batch laid in a
'male‘% nest had a higher probabtllty of disappearing before hatching
than batches laid earlier in that'nest. Distance and the risks involved in
travelling to males' terntornes *n%’a%also limit the number of males a’
temale can sample Errors in dlscnmmatlon resultmg from these - . i
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constraints may be less costly for female blennies than ‘for mottled .
sculpins since. blennies, unlike sculpins, produce multnple batches
(Labelle 1982), and can thus divide their monthly reproductnve output
among various males.
Another constraint that reduces the number of potential matlng
partners for females is ‘male choice. Mate choice by males will be

. similarly constrained by female chaice, since males are attached to

their nest site and must wait for famales to approach their terntory

“Mate choice by both sexes will.in effect restrict the range of’sizes from

which an individual may choose mating partners. 4

- The effects of 'mutual' mate choice on reproductive success will
not be constant over all size classes but will result in a dnsproportronate
increase of the reproductive success of large blennies relative to -
smallerflshes Indeed, the effect of female choice.on male reproductive
success will be size-dependent, since large males obtain more and

larger egg batches. The effect of male choice on female reproductive

success will also be size- -biased in favor of large females since large
males lose fewer batches than small males. '

Mate choice by both sexes is. expected when parental investment
into offspring is high for both parents (Trivers 1972). Female blennies " -
produce expensive' eggs and travel to male's territories at risk while

* males guard the ‘eggs at some feeding cost. Although modern ‘sexual

selection” theory predicted that when care by both parents was

~ comparable, both males and female would be expected to exhibit some

degree of choice, empmcal evidence was lacklng to show that mate -
choice by both sexes is present within one sex. < ‘

Intersexual selection may be the major force shapreg a matmg
system only if variance'among members of one sex exists in some trait

~ that will affect the reproductive success of the other sex. That trait can

then form the basis of mate choice. In redlip blennies, size is a variable

- trait whlch ultnmately translates_into_choice for high tecundrty by males

and for high hatching probability by females. A common preference by
both sexes for a trait such as large size will.result in the size assortative -
mating pattern observed in this study. It will also favor large sizes for
both males and femals, perhaps explarnmg the absence of srze‘ .

-dimorphism in redllp blennies.
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