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Behavioural aspects of reproduction were studied on tive species of matc- 

puarding (hnmrurtn found on the Avalon Peninsuia of Newfoundland. Thesr: species are 

( ic~nlm~rrrr.~ . v ~ ) t i ~ v l r s ,  ( ;~rnrur~~rtr.s ocvc t r t i cxs .  (;~tmnicrrrr.~ ~ / z r c ~ b c ~ ~ l i .  ( ; w t m ~ r r t r ~  ~ ~ I M - ~ L ~ I I L . J L I I I Z ~ . Y ,  

and (;minrurzi.s ohtiisurus. Males chose to form precopulas with  females that were close 

to their next batch of wgs to be fenilized. Frrnales sometimes txhibircd rcprcductiw 

choice bv trying to escape the male's grasp. No interspecitic precopulas wrre fomed 

between ( ;. stosiis and (;. orwini~*lrs .  Size assortative matin- occurrcd in ( ;. srioslrs. 

The scquences of precopuia Iomlation behawours differed in the successful and 

unsucçc.ssful precopulas for al1 tive species. Three takeovers by males were observed in 

(;. ocetrnicirs. al1 with ttyg stage 4 females which are females which are closest to thrir 

next batch of eggs to be fenilized. The sequcnces of precopula formation brhaviour 

contacts di ffered for successtùi and unsuccessful takeoi ers. and wre dsu  di ffetent from 

the normal behaviour scquences for (;. O L ~ C U ~ I I C I I S .  T;~krovers were considered io br 

malemalt: cornpetition. Howewr. kmaie choice nas obsened as the fernales remaineci 

passire. which is considered a fom of fernale choice. during both successful and 

unsuccessful takeovers. Two simultaneous assessments of fernales occurred with tèmales 

that were both in the same eyg stage (stage.4) in G. ocranicus. The sequences of 

precopula formation behaviour contacts differed for successful and unsuccessful 

sirnultaneous assessments and also differed From the nomial behaviour sequences for 

(;. ocëunrcus. In the unsuccesshl simultaneous assessrnents, the extra fernales 



sometimes rrsisted the male's grasp and escaped (fernale choice) but the original Fernales 

remained passive. In the successful simultaneous assessments. the onginal and exrra 

females remained passive. There wrre successful precopulas formed with both stage 1 

females with stage 4 eggs transplanred and ir-ith stage 4 females with egys remowd in 

G. O L W I I I L ~ I L Y  The sequences of precopula formation behaviour contacts were different 

for succcssful and unsuccessful precopulas with rgg manipulation fernales. and were 

different (rom the nomal behaviour sequrncrs For G. I ) L ~ ~ L I ~ I ~ L Y L Y .  Female choicr was 

obsmrd with cg- manipulation fernales as ihry sometimrs kicked and escûpea from the 

males. 

... 
I I I  
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1.0 INTRODUCTION 

Male choice of a mate puts the male under pressure to make sound behavioural 

decisions. When males activelv choosr their mates. an assessment proccdure of the 

potential females must br carried out. A male may use srveral Factors in his assessrnent 

of a kmale as a potrntial mate. A drcision must be made on the açceptancr or rcjection 

of the female as ri mate. A male can henefit from choosing certain females over othrrs as 

a mate (DICL B El\vood. 1 Wh: Hallida-. 1983 ). 

Sexual selection results in the wolution of secondary srxual characteristics that 

confer "an advantagc which ccnain indiwduals have owr other individuüls of the samc 

sex and specirs solely in  respect of reproduction" ( Danvin, 1 87 1.  3% ). Sexual selection 

resulrs in a widc banet? of both male and female rcproduciive strategios. Danvin 

disthguished two Forrns of sexual selection: male-male competition and female choice 

( Andersson. 1994; Adams & Greenwod, 1987: O'Donald. 1 983: Birkhead & Clarkson. 

1980: Ridley & Thornpson. 1979). Cornpetition baween males for ücc~.ss to fernales c m  

be intensc and 1s usually more evident with conspicuous ritualized displays of behaviour 

than the second forrn uf  sexual selection - fernale choice (Birkhead & Molter. 1993). 

Female reproductive behaviours usually involve only the adoption or non-adoption of 

receptive behaviours in the forrn of postures or movements. Fernale choice is usually 

considered to be less important because it is much less obvious than male-male 

competition (Birkhead & Moller. 1993: Halliday, 1983). However, femaie choice is 



cunently the most active research area in sexual selection iheory and females can benefit 

tiorn mate choice also. 

Crustacean males use one of two strategies for mating: 1 males guard frmalrs 

unttl the! are r ad -  to moult and be knilized. or 2. the males search for suitahlc fernales. 

Mate-guarding evolves when there is strong competition amon3 males for mates i ie. 

male-biased ses ratio). fernale breeding cycles are rtsynchrous. and the pmod of fernale 

recrptivitv is short (Conlan. 199 \ : Adams gi Greenwood. IV87: Ward. 1986: Ridlry. 

1983). !Mate-guarding 1s common in crustaceans that only produce wps just after a 

moult. wherc the moult lasts onlv for 3 bnef pcriod of tirne in a fernale's reproductive 

cycle (Jomalainen & Merilaita. 1995: Yamamura. 1987: Grafen & Ridley. 1%;: Parker. 

1974). When males guard females thev may eithrr remain near the femalcs (mate- 

attendiny) which 1s common in animals that live in tubes or permanent burrous. or the- 

ma? c a q  the kmales ( mate-carrying) ( Steels. 1995: Conlan. 199 1 ). Mate-canying 

ensures a male 1s present durin? the fernale's shon period of receptiviiy t Conlan. 199 1 1. 

Precopulatory mate-caming is common iirnong spec ies of Gminrurirs. ri yenus of 

peracarid amphipod crustacean ( Conlan, 199 1 : Dunhüm. Hurshman Gai in. 1 989: 

Adams & Greenwood, 1987: Ridlev, 1983: Birkhcad & Clarkson. 1980). 

Male choice and sexual selection in the genus (;urnmurlrs has been widely studied 

because the species are widespread. abundant. have ovrrlapping distributions, are sirnilar 



io one another. and are readily cultured. Srveral species are common and readil?. 

available for study on Newfoundland shores. 

in species of Ginzmonrs copulation is possible only within a fcw hours i about 12 

hours) atier a t'ernalc.~ moult (Dick 'P: Elwood. 1989a: Ward, 1983; Birkhead S: 

Clarkson. 1980). Since ièmales do not store spm. a male must bc prescnt shortly alirr 

the frmalr has moultrd and has rrleasrd her e-gs. Fernales ovulate nithin minutes atier 

the moult and the cggs pass into ventral brood pouch in prracarid Crustacca 

i Borowsky. 199 1 1. The hrood pouch is tomcd from srtosr oosteijtes which hm on the 

bases of the fcmale's peraeopods (Wildish. 1982). The new cuticlc of the fcmale is still 

soft after moulting and the oviducts on somlte t h e  are open (Dick L Elwood. 198% 1. In 

Gcintrnurtrs. the male tums the fernale ai right angles to his body with her ventral surface 

facing his xntral surface. Spem transfcr into the brood pouch occurs from a pair of 

copulating papillae on the last thoracic somite of the male. Bundles of s p e n  are thnist 

near the Ièmalr's oviduct openings b>* ri q o r o u s  pumping action that lasts Iess than one 

minute (Birbhead & Clarkson. 1980). There may bt: szveral bouts of copulation 

( Sutcliflé. 1997). After copulation. the pair separates (Grafen & Ridley. 1083 ). 

In less than II hours. the oviducts become hardenrd and provide a physical 

bamer for the transfer of spem ( Grafen & Ridley. 1983). The eggs develop and haich in 

the brood pouch and the juveniles mav remain in the pouch until the fernale's ncxt moult. 

The duration varies with species and environmental temperature (Borowsky, 199 1 : 



Grafen L Ridley, 1983: Dick & Elwood, 1989a). The fernale becornes attractive to 

males again before the wps hatch. The mature female produces a new batch of rggs at 

cach successive moult, exept  when in ovarian diapause (Birkhead & Clarkson. 1980 ). 

While the rrnbryos are developing in the brood pouch. oogonia are 

simultancously cnlarpng and developing in the ovary (Steele & Steele. 196%. Man- 

changes in the Ièmale. such as changes in moult physiolo~g and oogonia development in 

the ovay. are correlated with the embryonic development in the brood pouch i Dunham. 

1986). Therefore the stage of egg development in the brood pouch is an indicator of how 

soon a femalr will be producing her next batch of eggs for fenilizcition and how close she 

is to her nest moult. 

Female suitability for matins in species of (;~~mnrurtrs is determined by how soon 

she will be releasing a batch of eggs (Grafen & Ridlq. 1983). Pairing is ini~iated when 

the antennae of the male touch somr pan of the Ièmale. But not al1 contacts wll result in 

pairs being formed. If the male yrabs the kmalr. he holds her to his ventral surface with 

his antennae at a right angle and touches her dorsal surface wirh his abdomen. Rapid 

flexing of the abdomen. tenned "beating", then occurs (HannoIl & Smith, 1978). When 

there is slow beating of the abdomen, the pieopods also make contact with the kmale. 

These are the behaviours the male employs to ossess the fernale's qualit?. The female is 

usually passive and tightlv curled while the male is performinç these actions on her (Dick 



& Elwood, 1989a: Dunham, 1986; Birkhead & Clarkson. 1980: Hartnoll Sr Smith. 

1978). However. kmales sometimes do try to escape the males grasp. 

If the femalr is suitablr to the male. he turns the female so that she is now parallel 

to his ventral surface. The male insens one dacelus of the smaller anterior gnathopods 

between the hmd and the first thoncic segment. and the dactylus of the other anterior 

~mathopod is insened betwren the fitih and sixth segments. Once ihis position is - 
rstablished. the pair is said to have formed a precopula or pre-amplexus. The male then 

swims W h  the tbmale and mav strokr the sides of her head with his larger postenor 

g~athopods. The temalt: sornetimes aids the male in swirnming whilr in precopula hy 

straightening hr r  body and bearing her pieopods. but usually the fernale will rernain 

curled underneath the male and otTer no assistance (Sutcliffe. 1992: Dick & Elwood. 

198%: Dick & Elwood. 1989b: Borowskv bL Borowsky. 1987). If the precopula is 

maintained until copulation, the fernale is again tumed to right angles to the male while 

the male deposits sperm and the precopula is tenninatcd a shon time later i Miller. 1 Q W :  

Dick & Elwood. 1989a: Dunham. 1986; Hartnoll& Smith. 1978). 

The two forms of sexual seiection, male-male cornpetition and female choice. 

occur arnong species of Gumrnclrzn. There i s  sexual dimorphisrn between the sexes of 

(krmmrirtrs. Males of most species of (Hlnzmurics are larger in body length than the 

fernales of the same species. and the males posscss larger postenor bvathopods (Ward. 

1988). These enlargements, cornmon to mate-guarders, may reflect an increased amount 



of ag~ess ion between males at maturity. The large postenor gathopods are not used in 

carrying the fernale in precopula but are used in male-male cornpetitions when larger 

males attempt takeovers of a paired Femalr from its precopula malr and also as a defense 

against takeovers bv other males. The gnathopods ma! take pan in the assrssment of the 

fernale's reproductive statr. possibly through contact pheromones (Conlan. 199 1 1. It is 

also possible that thsse gnathopods c m  hold a second female that can then be 

simultaneously assessed by a malr that already has one frmalr in precopula ( Dick. 1992 1. 

Fernales also exhibit reproductive choice. When a malr tirst touches a femalr. 

she can eiiher swim away quickly or lav still in order to allow the male to manipulate her. 

The femalr can also try and escape from the male ûfter he has brrn manipulating and 

assessing her for a period of timr by tlexing and straightening her body rapidly several 

tirnrs in succession (escape reaction) This may result in the male releasing his hold 

before precopula is tormed and the female udl  escape. If the fernale remains passive 

during rhese manipulations a precopula can be tormed (tlûtcher Sr Dunn. 1997: 

Jormalainen & Merilaita, 1995: Sutcliffe, 1993a: Dick & Elwood. 1989a: Borowsliy Br 

Borowsky 1987; Robinson Sr Doyle, 1985). 

The male's choice of which fernale to hold in precopula can depend on the 

femalr's body sizr and her proximity to ovulation (Dick. 1997). Since the enlargement 

of oogonia in the ovary and the development of the embryos in the brood pouch are 

correlated. males \vil1 attempt precopula formation behaviours with fernales that bear 



broods in the later stages of development. This usually occurs when the e g g  have 

already hatchrd and the juveniles are rad! to rmergs i Miller. 1 995: Borowsliy. 1987 j.  

Larger females of (iunin~orlcs produce larger batc hes of eygs than smallrr females and 

males can be exprcted to choose females that are largcr in ordrr to maximize the number 

of oHsprine - thev produce (Adams. Watt. Naylor & Grrenwood. 1989: Birkhead & 

Clarkson. 1980 1. Female quali~e is determinrd bv both her size and how c lose she is to 

moulting and producing her next batch of eggs for fertilization. Jormalainrn ( 1998) 

concluded that the duration of guarding 1s a compromise betwrrn the male and fernale 

reproducttve strategies. 

Rcmoval o h  fernale's ernbryos and transplanting embryos that art: in a different 

stage mav influence the precopula Somation behaviours. Embpos from an earlier stage 

of development may inhibit precopula formation behaviours while embryos from iater 

stages ma! increase precopula formation behaviours ( Boroir sky. 1987). 

Precopula formations between ditlkrent sprcies of ~~urnrnurus have been studied. 

It was found that these interspecific precopulas can oniy be forrnrd betwesn certain 

species combinations but is relatively rare. especiallv in nature (Dick & Elwood. 1992; 

Dick. lrvinr & Elwood, 1990: Kolding. 1986: Hannoll Br Smith. 1980). Size assonative 

mating is one of the most common mating patterns in naturai populations. Size 

assonative mating has been found to occur whçn precopulas are formrd. This means 

there is a positive relationship between male and female lengths (Crespi, 1989: Burley, 



1983). In general. it has been found that the ratio of male~femalr length is around 1.3, 

rneaning the males are approsimately 30°b larger than the fernales in the precopula pair 

i Miller, 1995: Ward. 1988: Birkhead gi Clarkson. 1980). 

The two species studied most intensndy wrre (;~~n~ntcir~i.s o ~ w m x s  Sryerstrale 

and ~;umrnurir.s .s~ro.sir.s Dementieva. The rcolo~y and distribution of these two species 

are similar in many respects and they occur in various combinations on the same shores 

underneath the sarne rocks and algae. 

Guntrnmrs oceunrcirs Segerstrale is a manne and brackish water species that is 

found under rocks and algae on sheltered to modcrateiy exposrd beachcs. This specirs is 

confined to the Nonh Atlantic and adjacent sras. its northem limit is from southern 

Baffin Island and southeastcm Greenland to its southem limit of Long lsland Sound. New 

York. It is the rnost numerous specirs found in the intenidal rrgion from Newfoundland 

to the Gulf oi' Maine and is the most abundant species of G~rnznrurirs. The breeding 

period of this species is long, liom November until August. and it producrs man! 

successive broods. The adult may live iwo yeûrs and the s i x  range of this species is 15- 

23 mm (Steele & Steele, 1975; Steele & Steele, 1974: Boustïeld. 1973; Steele & Steele, 

1972). 

( ;ommurzrs setosus Dr mentieva is a marine spccir s found under rocks and al gae 

on sheltered to moderatel? cxposed beaches. This species has a circumpolar distribution 



in arctic regions and is adapted to [ive in thrse arctic conditions. It is found as Var nonh 

as land cvtends while irs southem limit is the Bay of Fundy. New Brunswick. It is the 

most abundanr specirs of (i~imrnorzrs north of Newfoundiand. but it is less common than 

(;. ocbronrcrr.s on Ne~vfoundland beaches. When (;. setosrrs occurs on the same shore as 

(;. oc~uriror.~. the former is found slightlv higher in the intertidal zone. The breeding 

penod of this species is from August to November with only one brood producrd rach 

y a r .  This brood is released in spnng or rarly surnrner and is rrlared to environmental 

tempenture. The size range of this species is 15-25 mm < Steele B Steele. 1975: Steele & 

Steete, 1974; Bousfield, 1973; Steek, V.J.  Sr Steele, D.H., 1970). 

My prswous study drscnbed the t'ormation of precopula pairs in four species of 

(;umrnurz~.s : (;unimurzrs ocwnr~~irs. ( ;m~nturl i .~ direhcnr Lilljebors (~untmurirs 

Irri<~rcriciunzrs Bous field. and < ;~n~rntinr.s ~~hr~rsurirs Dahl ( Miller. 1995 ). The sequence of 

precopula tonnation behaviours was observed and recorded for rach species. Two 

specirs. ( ;. oce~1nic~ir.v and ( ;. dirch~rri. were col lected from di fferent sites and t here werr 

differences in the average times to form precopulas and the percentage of animals that 

formrd precopulas between the difkrent sites. lnterspecific precopulas were fomied 

between G. oceunrciis and G. dueheni but not between any of the other combinations of 

the four species. Removals of either the tirst set . second set, or both sets of antennae 

from the male showed that the second set of antennae are the most important for 

assessing fernales. The male must have rit least one set of antennae intact in ordrr to form 

precopulas. Size assortative rnatinç did occur in al1 four species. 



My present work was undertaken to determine significant factors that influence 

the formation of precopula pairs of species of (;urnnz<irzrs. The normal srquence of 

precopula formation behaviours was observed and recorded for (i .  sefosirs which was not 

studisd previously. The normal sequence of precopula formarion brhaviours t u s  

compared for 5 species of [;~immurlr.v that CO-occur on Newfoundland shores - 

(;. O C ~ ~ L I ~ I I L W . ~ ,  ( ;. S L W . V ~ L Y ,  ( ;. IL IM*~LJ~IL' ICJJI~~.Y,  G. L / I I C J ~ C J ) I I ,  and ( ;. ohtz~s~rlm It ~ I S O  

investigated ( ;. srtosirs to detenninc if interspecific precopulas were formed with 

G. ocrmicza and if size assortarive matin- occurred in (;. srmsirs. 

In addition. further studv of the species (;. oceunrcirs was çonductcd. 

Investigations of which factors influence takeovers of paired fernales by unpaired males 

were conducted. including whether a larger unpaired male will displace a smaller paired 

male. and whether the fernale's proximity to hrr n e a  moult affectrd takeovers bu 

unpaired males. Investigations were undertaken to determine if males would 

sirnultaneousl~ m e s s  two females. including cornpansons of largrr and smaller fernales 

in the same stage, and cornparison of fernales closcr to or further from moult that are the 

same s i x .  The rtfect of rgg manipulation on precopula formarion behaviours of the 

male, including removal of eggs from femaies. and transplanting later stage eçgs to 

females in an earlier stage was also investigated. The role of sexual selection in each of 

the aspects being i nvestiçated wi I l  be discussed. 



2.0 MATERIALS AND METHODS 

Two species of (;~imrnurzrs were collectrd [rom Witless Bay on the Avalon 

Peninsula of Newtoundland. r;. occiunlc-rrs and G. s t r ~ s z r s  were collected on the beach 

from undemeath large rocks in the intenidal zone. (;. sProslr.s was located a linle higher 

in the intertidal zone. but its distnbution overlapped with G. ocrunrcus. Only animals 

already in precopula were collectrd. The- w r e  transponed to the holding tanks in 

plastic containers with lids. half-fillcd with sea watcr from Witless Bay. 

G. ocruwcrrs \vas sampled during its brerding sçason. Fcbruary through 

Srptembrr and (;. serosirs wüs sampled during its brerding season. August through 

Decrmber. The animals wrre kept in  arratrd holdins tanks tïlled with sealvater in a 

lighted cold roorn having a temperature of 10°C The animals were fed tropical and 

goldtish (WARDLEY r \ l )  food. The holding tanks ( 35  s 22 s 18 cm) were used to keep 

the species srparated and to prevent overcrowding. 

The txpenmrntal charnber for the , serosiis cxpenments was a plexiglass 

chamber ( 13 s 2 K 13 cm)  containing JOml of seawater. Tnal penods were 10 minutes in 

duration. but if the animals were rngaged in precopula formation behaviours at the end of 

the trial they were allowed to continue until they separated or formed a precopula. 

lndividual animais were leti in separate smail containers for tive minutes before being 

placrd in the esperimentation chamber. Al1 physical contacts between the animals were 

recordrd. as well as their sexes. sizes from the base of the first antennae to the telson 



( Ward. 1984b). colours. egg stages of the females. initial time of contact betwren the two 

animals. and the time of the end of the precopula. i f  fomed. The rgg stages that \w- r  

used are as tollows: 

1 .  no eggs visible in the brood pouch 

2 eggs cirar and just barel'; bisible in the brood pouch 

3.  eggs darker in colour and well developed in the brood pouch 

4. females with hatched eggs 

These are moditied fiom Steele & Steirle ( 1969 1. 

2.1 NORMAL BEHAVIOURS OF ( ;clrnm~mrs SPECIES 

2. 1 . 1 ( ; c l n t m ~ r t ~ ~  . s ~ ~ i r  ISZIS 

A total of 69 pairs were tested. The normal precopula formation behaviours for 

this sprcics werc obsenred and recorded. Before rach tnal. a precopula pair \\,ris 

scparated. taking care not to harm the animais. Hoth the male and female were then 

placed into the expenrnrntal c ham ber Average times to form precopulas were calculated 

using only data from successful precopulas. Minimum and maximum values were 

calculated dong with standard deviations and standard mors. Perccntagrs of precopulas 

Formed were also calculated. The Mann-Whitney test (Daniel, 1990) was uscd to 

determine if there was a difference in average times to form precopulas between morning 

and afiemoon trials. The Proportions test (Weikowitz. Ewen & Cohen. 1982) was used 



to drterrnine if the percentagcs of precopulas formed were equal between mominc and 

afternoon trials. 

Chi-square anaiysis (Daniel, 1990) was usrd to determine if the number of 

successful and unsuccessful precopulas was cqual for cach egg stage. Precopula 

formation behaviours are displayd in figures that show the sequence of contacts in  

successful and unsuccrssful precopulas. Sincr the behaviours were recorded in sequrncr. 

the order of the most common tvprs of contacts codd be determined. Thesc cornparisons 

were used to determine i f  the pattern diffrrcd betwern species and to determine i f  thert: 

was a difference betiveen the srquencr of precopula formation behaviour contacts for 

succrssful and unsuccessful precopulas. 

3.1.2 SPECIES COMPARISONS 

The Mann-Whitnev test \vas used to determine if thert: was a ciiffercncè in 

average times to form precopulas between spccies. The Proportions lesi was used to 

determine if the percentages uf precopulas formeci were rqual between species. 

t;. serosrrs was compared with four other spcies  studied in my previous rcsearch - 

(~urnrnuni.~ o~~eunicirs. ihrnrnur~rs luwrc.nci~i~ilr.s, (;umnrurirs rlirehe~~r and Gummcirir.~ 

obt t r . ~  u s .  



The sequences of precopula formation behaviours for successful and unsuccessful 

precopula formations werc used to determine if thrre were differencrs in the panems of 

contacts betwem the five species. 

2.1.3 INTERSPECIFIC PRECOPULAS 

A total of 52 combinations were tested. For the interspecific combinations. one 

male G. srroszrs and one fernale ( ; . O L - C U ~ I I C I L S  n u e  placed in the esperimcntal chambrr 

together. Then the other combination was tested. The animals werç sepanted as 

desc n bed ear l i er. 

2.1.4 SIZE ASSOR'TATIVE MATING 

Sizr assonative mating was also tnvestigated. The lenghs of males and fernales 

of (i. serosirs that were sepanted for experimentation (N=69)  were used to detemine if 

size assonative rnating occurred in this specirs. The ratios of male Iength to female 

lengh wrre calculated and indicate how much larger a male is compared to a fernale in 

precopula. The corrclations (Moore & McCabe. 1993) of male and female lrnyhs were 

calculated to detemine if malt: leneth - increasrd with increasing témale lengh. Male and 

female lengths were plotted ayainst one another and a regession line. with regession 

coefficient. shows if  male length increases as female lrngh increases. 

All of the following rxperiments were camed out using ci. oceun1cu.s. 



2.2 TAKEOVERS 

For the takeover experiments, the extra males that were required were separatrd 

from anothttr precopula. One male and fernale pair sri11 in precopula and an extra male 

were placrd in the cxpenrnrntal chamber. No takeovers or takeover attempts occurred in 

initial observations (N-39) in the plexiglas expenrnental chamber, so a new srtup was 

devised to determine if takeovers were possibl y occumng in  ( ;. o~~cumw.s. Twenb -four 

separate cliambrrs i 10 x 10 s 7.5 cm ), cach with JOml of seawater. containrd a pair In 

precopula and a separate male of different sizr or colour i for ensy distinction). Chambers 

were obscrved at intervals of 30 minutes for 6 hours. During these trials. switching of the 

original male i defiender) with the separatc male t intmder) did occur in  thirtern of the 

chambers. This indicated that a takeover had occurred but none wcre actually observed 

in progress. Nonr of thcsr rcsults were used in the final analpis. Results for final 

observations ( N- 143) were obtained from four chambers srtup together. rach containing 

a precopula pair and an intmder. that werc simultanrously obsened for 10 minute inals. 

All contac~takeover behaviours were recordcd for al1 four srtups. 

The average times for takeover to occur were calculated using only successful 

takeover data. The minimum and maximum values, standard deviations. standard errors. 

and percentages of intniders to successfully takeover a fernale and attempts to takeover a 

fernale already in  precopula were calculated. Mann-Whitney test was used to determine 

if average times spent atternpting unsuccessful takeovers differed dependin- on whether 

intniders were iarger or srnalier than defenders. Mann-Whitney test was used to 



determine if there was a difference between the amount of time to forrn precopuias in 

normal G. ocru~zrclrs trials and unsuccesstul takeoc-er trials. Mann-Whitney test \vas also 

used to determine if  female size differed when attempting unsuccessful takeovers 

whrther intruders are larser or smaller than defenders. 

Chi-square anaiysis was used to determine if  the number of unsuccessful 

takeovers and the numbrr of no takeovcr attempts wrre q u a 1  for rach rgg stage. The 

ratios of intruder size to defender size were calculated for successtùl takeovers. 

unsuccessful takeovers. and no takeover atternpts. Correlarions were uscd to drtrminc if 

there wüs a relationship behveen intruder and defender size for unsuccessful takeovers 

and no takrover attempts. Male and female lenyhs were plotted against one another and 

a regression line. with regression coefficient. shows if male length increasrs as female 

l r n g h  incrrases h r  unsuccessful takeovers (with successful takeovers included) and no 

takrover attempts. Correlations were also used to determine if tirne sprnt attcmpting 

unsuccessful takeovers would increase as fernale qualit? i fernale w y  stage and fernale 

size) increases. Unsuccessful takrovrr times and female egg stage werr plotted against 

one another and a regression line. with regression coefficient, shows if times attempting 

unsuccessful takeovers increase as fernale rgg stage changes and the female becornes 

closer to her next ovulation. Also. unsuccessful takeovet times and female size were 

plotted against one another and a regession line, with reb~ession coefticient. shows if 

times attempting unsuccesstiil takeovers increase as female size increases. 



Takrover behaviours are displayed in figures that show the sequence of contacts 

in successful and unsuccessful takeovers. These can br compared to the normal 

precopula formation behaviours for G. oceunlcus. 

2.3 SIMULTANEOUS ASSESSMENTS 

For the simultaneous assessmrnt euperiments. the extra females that were 

required wsre separated from another precopula. One male and fernale still in precopula 

and one extra fernale wrre placed in each chambrr. The four chamber setup used in the 

takrover rxpenmrnts was also used for the 10 minute trials. The setups consisted of 

eithrr same stage fernales of different sizes. or sarne size fcmalrs of different stages. Al! 

simultaneous assessrnent behaviours were recorded. A total of 117 setups were obsenrd; 

85 were same stage females and 62 were same s i x  females. 

The average times for simultaneous assessments to end were caiculated. 

Minimum and maximum values. standard deviations. standard mors. and percentages of 

males engaging in ~imultanrous assessments were calculateci. 

Mann-Whitney tests were used to detennine if average times to fom precopulas 

in normal (;. oceunrcus tnals were rqual to average times in unsuccessful simultaneous 

assessments for both same stage fernales and same size females. Mann-Whiney test was 

also used to determine if average ttimes attempting unsuccessful simultaneous 

assessments were equal for same stage females and sarne size females. Chi-square 



analysis was used to determine if  the number of unsuccessful simultaneous assessments 

and no sirnultancous assessment anempts are squal for larger and smaller extra females 

and also if  equ l  for closer to moult and funher from moult for the extra females. 

Simultaneous assessment precopula brhaviours are displayrd in figures showing 

the sequence of contacts in successful simultaneous assessments and unsuccessful 

simultaneous assessmrnts. These can br compared to the normal prscopula formation 

behaviours for ( ;. oceunrczrs. 

3.4 EGG MANIPULATIONS 

In order to remove eggs or transplant eggs, the fernale must be anesthetized. This 

was accomplished by placing the females in a separate holding tank ( 10 s 5 u 5 cm that 

was placed in ice until the temperature dropped to approxirnateiy 1"C and the females 

became immobilized. Embryos or juveniles w r e  removed from and transplanted to a 

brood pouch with a rmall sofi-bristlrd anist's bmsh. Frmalrs w r e  allowed to recover in 

the srparate holding tank in the coid room for one da- before rxpenrnents werr camrd 

out. The plexiglass expenrnental chamber was used for thesr experirnents. A total of 

194 pairs were observed: 90 were stage 1 sgg manipulation females and 104 were stage 4 

egg manipulation females. 

For the rgg remova 

replaced. Frmales of stage 

ls, fernales of stage 4 had al1 juveniles removed. but none 

I had juveniles h m  stage 4 females placed into their brood 



pouch. Fernalés were used for a maximum of 5 days to ensure they stayed in the same 

stage physiologically dunng the expenments. 

Average times for successful precopulas or unsuccessful precopulas were 

calculated. Minimum and maximum values were calculated along with standard 

drviation and standard error. Percentagrs of precopulas formed and unsuccessful 

precopulas were also calculaied. The Mann-Whitney test was ussd to determine if  therc: 

was a si@ïcant di t'ferencr between average times to form successful precopulas in stage 

1 egg manipulation and stage 4 çgg manipulation femalrs. Mann-Whitney was also ussd 

to dctennine if thrre was a s i~mi  ficant differencr betwern average times spent attcmpting 

unsuccessful precopulas in stage 1 egg manipulation and stage J rgg manipulation 

females. The Proportions test was used to determine if the percentage of successful 

precopulas was equal betwern stage I egg manipulation and stagr 4 egg manipulation 

fernales and also il' the percentage of unsuccessful precopuias was qua i  between stagr I 

egg manipulation and stagr 1 egg manipulation femalrs. 

Mann-Whitney test was used to determine i f  there was a significant differencr in 

average tirnes to form successfui precopulas between (;. ocrunicici nomal precopuhs 

with stage 1 and 4 females and stage 1 egg manipulation and stage 4 egg manipulation 

fernales. The Proportions test was used to detemine if the percentages of successful 

precopulas were qua1 benveen (;. oceuniczis normal precopulas with stage 1 and 4 

females and stage 1 egg manipulation and stage 4 eçg manipulation females. 



Chi-square analysis was used to detemini: i f  the number of successful and 

unsuccessful precopulas were equal for stage 1 mg  manipulation and stage 4 egg 

manipulation fernales. The ratios of male to fernale size were calculated for successful 

and unsuccessful precopulas for srage 1 rgg manipulation and stage 4 egg man~pulation 

kmales. Correlations were used to determine i f  there was a relationship between fernaic 

and male size for successful and unsuccrssful precopulas for stage 1 egg manipulation 

and stage 4 cgg manipulation fernales. Male and fernale lengths were plotted a~ainst  one 

another and a regression line. with regression coefficient. shows if male l t n g h  increases 

and fernale Irngth increases for successful and unsuccessful precopulas of stage 1 rgg 

manipulation and stage 4 cgg manipulation fernales. 

Precopula formation behaviours are displayxi in figures showing the scquencr of 

contacts in successful and unsucccssful precopulas for stage 1 rgg manipulation and stage 

4 egg manipulation fémales. These can be cornparcd to the nomal precopula furmation 

behaviours t'or ( ;. ocnemrctc.c 



5. l NORMAL BEHAVIOURS OF knznlurus SPECIES 

3. l . l ( ;~:ntnrurzr.s .ueto.vzi.s 

The yeneral mating behaviours typical of other species of Gunrtrtoriis previously 

studied (Miller. 1995) and recorded in the literniure (Dick JC El\i,ood. 1 9 8 % ~  Dunharn. 

1986: Birkhead & Clarkson. 1980; Hartnoll & Smith, 1978) occuned in G. st.fosrr.s. 

Fernale choict: was also evident as females somerirnes swarn away a h  tirst contact by a 

male ( 7 . Y % )  or the fernale rapidly tlexed and escaped after the male had been assessing 

her for a period ( I . - 1 5 O , o ) .  Males sometimes aiso assessed a female for a penod of timr 

and then rclrased hrr. therebv not forming a precopula (1.90°h). 

There \vas no significant difference betwern the rimes to fonn precopulas for the 

morning and afternoon observations of (;. .wrows ( 'rable 3 1 . 1  ) ( W = 183.0. p = O.  17. u = 

0.05 ). There was also no significant differrncr betwern the prrcentayes of pairs that 

formed precopulas in the moming and afiemoon ( z  = 0.3507. ai ~ 2 5  = 1.96. p = 0.7264. 

a = 0.05), 

For ( ;. .sc.tmus (Table 3.1.7), there was a significant difference in the nurnber of 

precopulas formed with femaleç in different egg stages ( f  = 19.717. d.f. = 3. p = 0.000. 

a = 0.05). More precopulas were formed with fernales in later stages ( 3  and 4) than with 



Table 3.1.1. Surnmary of moming, afiernoon, and cornbined moming and aftemoon data 
gwing the percentage of animals that formed precopulas. average amount of tirne to form 
precopulas, and descriptive statistical calculations for G. setosus from the normal 
behaviour data. 

Time of Day 

Number Formed 
Precopula 

-- 

Standard Error 
l i min) 

Number Tested 43 26 1 69 
Moming 

Percent Formed 
Precopula 

Average Time (min) 
Minimum (min) 
Mz~imum (-min) 

Standard Deviation 
(min) 

Afternoon 1 Combined 

28 

65.12 

6:5  1 
233 
953 

1 :56 

18 46 

69.23 

5 5 2  
1 :46 
10:15 

3 2 7  

66.67 

6 2 8  
1 :46 
10:15 

2 1  1 



Table 3 .12 .  Summary of number of successful and unsuccessful precopulas for each 
female egg stage for ti. setosus. 

~ g g  Stage l 1 l 2 3 4 
1 

* see p. 12 for description o f  eçg stages 

Successful 
Precopula 

Unsuccessful 
Precopula 
Attempt 

4 

10 

6 

3 

23 

3 

13 

7 
. 



fernales in rariier stages ( 1  and 2).  The most precopuias formed were with stage 4 

fernales. Ho~vever, there was no significant differencè benveen the number of 

unsuccessful precopulas in each rgg stage : t : x 2  = 6.043. d.f. = 3. p = 0.1 10. a = 0.05). 

The gnçral pattern of precopulato~ formation behaviours for a successful 

precopula for ( ;. srrosus (Figure 3.1 . l ) sonsisted firstly of the male's gnathopods 

touching the fernale's sides or back: the next contact was the malr's gnathopods touching 

the fernale's sides or the male's antennae touching the female's sides: and next the malr's 

antennae touched the female's sides. 

However, the general pattern of precopula formation behaviours for an 

unsuccessful precopula ( Figure 3 .12  ) consisted of the male's gnathopods touching either 

the femalc's back or sides. Then the male either touched the fernale's sides wth his 

antennae or his tail touched the female's rail. Ncxt the malr's tgathopods touched the 

Fernale's sides. Failuri: occuned whcn the male stopped perfominy precopulato- 

formation behaviours on the fernale and released her. or in some cases the fernale tlesed 

and straightened rapidly in succrssion and rscaped the male's pasp. 

3.1.2 SPECIES COMPARISONS 

The average times to fom succrssful precopulas and the percentages of animals 

that fomed successful precopulas for al1 five species studied are presented in Table 3.1.3. 



Fime 3.1.1. The frequency and sequence of precopula formation behaviours initiated by 
males dunng successful normal precopula formations with females in G. setosus. The 
sequence of precopula formation behaviours from tirst to last is in ascendmg order. 

Legend: 
g-b = male's gnathopods touching female's back 
a-s = male's antennae touchng female's side 
g-s = male's gnathopods touching female's sides 
tb = male beat tail against female side rapidly 
t-t = male's tail touches femaie's tail 
a-b = males' antennae touches femaie's back 
a-h = male's antennae touches female's head 
O = any other touches made by male contachng the female 



contact i 
1 

contact 
. .  . 15 

10 - - 

5 
. . - .. . - , 

n 



Fime 3.1.2. The Frequency and sequence of precopula formation behaviours initiated by 
males during unsuccessful normal precopula attempts with fernales in G. setosus. The 
sequence of precopula formation behaviours fiom first to last is in ascending order. 
Legend found with Figure 3.1.1. 

contact 

6 - 

second 
contact 

5 

fou t  h 
contact , 



Table 3.1.3. Average tirnes to f om precopulas and percentases of animais that formed 
precopulas for the four previously studied species - G. oçeunrcir.s. G. rluehc.>1i. 
G. krwrrnc~unus, (;. obru.wu.~ (Miller, 1995), and G. serosus. 

Species 
G. ocrurzmrs 
G. ~irrtibenr 

(i hwrcncrunus 
(i. obtu.sutu.s 
G. .ver osm 

Average Time (.min) 
130 
3:3 1 

Percent Fonned Precopula 
83.45 
69.5 1 

1 

2 :  17 
408 
6 2 8  

72.9 4 
17.14 
66.67 





Table 3.1.4. Sumrnary of statistica! cornparisons OS average times to fom successful 
precopulas (Mann-Whitney) and percentages of animais that formed successful 
precopulas ( Proportions Test ) between the tive species of (i<imniurtc.s - (;. .seto.szi.s. 
( ;. ocneunlcn~is, ( ;. I L I M ~ ~ ~ ~ C I L C ~ ~ I S ,  (;. dzieh~nl, and ( i. oht zrsclctts. 

Mann- Whitney Proportions Test 
Combination 

W 1 p-value ( Significant Z 1 p-value 1 Significant 

( ;. oL*eu~lrc~i.s - 
2178 O 1 Y ~ S  ' 2.429 1 0.01 5 1 YÇS 

(;. duebenr 



Al1 other combinations compared were sigificantly differerent in the percentagrs 

of animals t hat formrd successful precopulas. When cornparin- (;. setovirs and 

! ;. oceuntcris. ( ;. oceunrcrrs and ( ;. ~ltrebc~~zr, and ( ;. O C W ~ L - Z I . V  and ( ;. ohtzi.s~lr rr.s. 

G. O L ~ ~ ~ I R I L + I I S  had the hi~hest percentage of animais that formed precopulas. For the 

cornpari son of (;. srrostrs and (;. oht i l . ~ t ~ r  us. ri. scrostrs had the highrr percentage. for 

(;. Icrwrc~rrcrunti.~ and (;. ohrtr.~urirs. ( ;. /m~r~~mwrzir.v had the hi ghcr percrntagr. and for 

( ;. ~ l z i ~ h ~ n r  and ( ;. ohriisurirs. ( ;. dzrrhctrr had the higher percentage. 

The only combination that had no signiticant difirences bctwern the two sprcies 

for both thc average times to Iorm successful precopulas and the percentrigtis of animals 

that fomed successful precopulas \vas G. oceu>rrcbus and G. I<~wrrticrcr>rlrs. 

The cornpansons o f  (;. .\cDtosits and G. o~ctltzr~xv. (;. SL'IOSILY and G. ohtrrwtrrs. 

( ;. oc.c.~mrcxv and ( ;. clzieh~~~zr. ( ;. ocmeu~?rcsli.s and ( ;. oht trscir us. and r ;. I~rrt,rc~r~crcrrlzi.~, and 

( ;. ohrirsurlis were the only combinattons that were s i  gnificantlv di fferent bctween the 

two species in both the average times to fom succçssful precopulas and the percrntages 

of animais that fomed successful precopulas. 

Overall. the sequences of precopula formation behaviours were different among 

al1 tïve species in both the sequences for successful precopula formations and 

unsuccrssful precopulas (Table 3.1.5). However, there were several similarities. For 

successful precopula formations the tint contact behaviour alwavs included the male's 



Table 3.1.5. The sequencc of normal successful and unsuccessful precopula formation 
behaviours for five species of Gurnmurus studied - G. oceunictrs. (i. duehrni, 
G. kuwrencranus. (;. ohru.suru.s and Ci. seiosz~s. Legend found with Figure 3.1 . 1 . 

Species 
- 

l ' a-S 1 1 Succevtùl 1 e-h 
1 g-s - I a-< I 1 a-s 

First ' 

Contact 

( ;. oceurlrcus 1 

G. duehem 

Second 1 Third 1 Fourth Fifth 1 
Contact 1 Contact Contact , Contact 

- 

d 

1 

l Successful . g-b 
I 

1 Successful 
l 

Unsuccesstül 

I 

i tb t-t 

- 

1 I 1 

1 Unsuccesrfui 

~nsuccesstid g-b i e - , tb 
I i tb 

1 NIA 

a-s 
tb 

L U  

C 3 -  1 g-b 1 1 tb ri-s 
a-s I 

q-S i 

1 

a-s 
I a-s 

tb l 
N IA 

1 

I 

j .  o b t z m i ~ z ~ ~  

g-b 1 a-s ; 1 ! g-s g-b t-t g-t~ N.;A 
tb , a-b 1 1 1 

! 9-s C P-s l \ y-b ~ u c c e s s t ~ l  1 1 a-s i 
g-b 1 a-s ; j NiA 

t-t i 

I 1 

l 1 a-S 

g-s 

Successful 

UnsuccessM g-b 

(;. sesosus 

i 

a-s l N,A 

g-b I g-b 1 a-s I ri-s I tb 1 g-s 
I l 1 O 

1 a-s 
+ c- s i NIA ! N:A 

I o !  1 

O 
g-b 
g-s 

Unsuccessful 

a-S 

g-b 
9-s 

a"s 
g-s 

t-t k 

g-b ' 
a-s 

N/A 



mathopods touching the female's back. The second contact behaviour was also similar 
CI 

arnong the species. \chich always included the male's antennar touching the female's side 

in succcssful precopula formations. 

There were srveral differencrs as well among the specirs in the tirst contact in 

successtùl precopulas. Along with the common tirst contact of the male's yathopods 

touc hing - the fernate's bacli. ( ;. .r.cJrosus included the male': gnathopods touc hing the 

female's sidrs and <;. ohrra~rrris included rail brating. The second contact also was 

different among the species in succcssful precopulas. Although ail the second contacts 

for ail five species inciuded the male's antennar touching the t'rrnalr's sidr. the second 

contact included another type of contact for ail species except ( ;. ~~ceurz l~z i .~ .  The third 

contact beha\,iour for successful precopula formations was where the t Ïv r  species vancd 

greatly and no common precopula formation behaviours were found. 

A s  in successful precopulas. unsuccessful precopula attempts had the tïrst contact 

behaviour as the male's gnathopods touching the fernale's back but also included the 

male's gnathopods touching the fe~nale's sides in both G. o~w.~~zrcirs and G. .scrosirs. 

However, this tirst contact behaviour was where the similarities ended and no more 

cornmon precopula formation behaviours were found. 



The only simiiarity found hetween the precopula formation behaviours for 

successful and unsuccessful precopulas was that the first contact behaviour \vas the 

male's gnathopods touching the fernale's back. 

3. l .3  NTERSPECIFIC PRECOPULAS 

No intrrspecific precopulas were îbrrned betwetrn ( ;. srîosrrs and ( ;. owcinrcirs. 

Either the animals did not have an). physical contact at al1 (30.77%). the male w a m  a w ) .  

a%er the tirst contact ( 4 6 1 5 O a ) ,  the fernale swam away afrer first contact t 17.31°f~).  or 

both swam away ( 5.77*,0). 

3.1.4 SIZE ASSORTATIVE MATING 

(;. rctostrs had a ratio of 1.63 1 1 for male:fcmaie length for successful precopula 

formations. Tlierr was a positive correlation ( r  = 0,492. p = 0.00 1 .  a = 0.05 1 wherehy as 

malt: size increased. so did fernale s i x  and therc wns a significant differcncc btttwern thc 

sizrs of males and femairs of (;. s ~ ~ r o s l i s  in precopulas (Figure 3 . 1 3 ) .  The male \tas 

always larger than the female. 

3.3 TAKEOVERS 

There were three successful takeovers (3.1096) and 53 unsuccesstùl takeovers 

( 3 7 . 0 6 O r 0 )  (Table 3.1.1)  in G. ocrunicics. An unsucccssful takeover occurred whrn the 

tntruder grabbed the fernale with his g~athopods and tried to take the female. but did not 

succeed. 



F i w e  3.1.3. Relationship between maie and female iength of G. setosus that 
successfully fomed precopulas ( r  = 0.492). the diagonal broken line indicates equal 
lengths for males and femaies. 

a . . .  

Female length (mm) 



Table 3.2.1. Surnmary of successful takeovers and unsuccessful takeovers data giving 
the percentage of animals that had successful takeovers or unsuccesstùl takeovers. 
average amount of time engaged in takeover formation behaviours. and descriptive 
statistical câlculations for G. oceantcus frorn a total of 143. 

Condition 
Number Successful or 

Unsuccessful 

1 Maximum Time (min 1 
1 L 

1:16 1 7.34 - .- 1 
Average Tirne (min) 

Miniiiiuin Tirne (min) 

Successfd Takeovers 

3 

Unsuccessful Takeovers 

53 

0:37 

Standard Error (.min) 
Standard Deviation (min ) 

0 2 3  
0:02 0:03 

O:? 1 
0:37 

0:04 
026  



All three successful takeovcrs occurrrd with fernales rhat were in stage 4 whereas 

the unsuccessful trikeovers occuncd with femalrs of al1 stages i Table 33 .3  ). There \\as a 

signitïcant difference brtween the number of unsuccessful takeovers in each egg stage ( f  

= 50.47, di' = 3. p = 0.000. a = 0.05) where more unsuccessful takeovers were attempted 

with Semnlw in <tagr 4 H o w w r .  thrre \vas no sipificant differencc b e t w r n  the 

number of fernales in each egg stage that had no attempts made to be taken ovcr by an 

intruderiXL=6.10. d.f - 3, p T  0.107. u=0.05). 

Thrre was no si~miflcant ciifference in average t imrs  spent aaempting 

unsuccessful takeovers bctween intruders that were larger than the defenders and 

inmidrrs that were smaller than rhc dcfendrrs ( W  = 178.0. p = 0,650. tr. = 0.051 (Table 

3.2.3). There was also no significant diflerence in fernale s i x  between intruders that 

were larger than the de fenders and intruders that \vere smallrr than the defenders i W = 

159.5. p = 0.368. u = 0.05). 

The ratio of intruder to defender length o f  G. ocwimcia (Table 3 1.1) for 

successful takeovers was 1.17. meaning that the intruders were \?O6 larger than the 

defenders. The ratio \vas 1.09 for unsuccrssful takeovers (intruders 9O.o larger than 

defenders) and a ratio of 1.05 for no takeovers attcmpted (intniders j06 barger than 

defenders 1. 



Table 3 .2 .2 .  Summay of number of successful takeovers, unsuccessful takeovers, and no 
atternpts at takeovers for each female egg stage for (' J .  ocean1crr.s. 

Stages 
Successtùl 
Takeovers 

Unsuccessful 
Takeovers 

No Attempt at 
Takeovers 

1 

O 

1 

17 
, I 

- 

- 3 

O 

8 

16 

I I Total 1 38 1 34 25 
-7- - 

66 1 143 

Total 

3 

53 

57 

3 

O 

9 

16 

4 

3 

35  

25 



Table 32.3. Surnmary of mean average tirnes and fernale sizes For intruders ihat were 
Iarger rhen defenders and intruders that were smaller than defenders in unsuccessful 
takcovers in ( ;. oc.c.unrclu.v. 

Intruder Laryer than Déknder 
Intruasr Srnalier the Defender 

0 0 : X  
00: 15 

00: 18 
00: 17 



Table 3 2 . 4  Ratios and correlation values of intmder lengths to defender lengths of 
(;.oçeanicu.s for successtiil takeovers. unsuccessfui takeovers. and no attempts at 
takeovers. 

No Attempts at 1 Takeavern 



Intruder vrrsus dekndrr Irngths of G. OCL'U~IIL.II .S in U ~ S U C C ~ S S ~ U ~  takeovrrs 

( Figure E . l  1~1th successful takeowrs also included) and no attempts at takeovers 

(Figure 3 . 7 2 )  were piotted and regession calculated. There \vas a non-si~ificant 

positive çorrelation (Table 3.2.1) of intnider to defender size ( r  - 0.168. p = 

0.230. a = 0 05)  for (;. ocr~rrrrc.rr.s unsuccesstÙ1 takeovers. There was also a non- 

signiticanr positive correlation of intruders to defenders size < r  = 0.11 1 .  p - 
0.050. U. = 0.05)  for (;. weunrcus making no atrernpts at takeovers. 

Corrclation coefficients wrrc also calculated to detrminr if timr spent attrmpting 

unsucccssful takcovers incrcased as fernale qualit); increased (Table 3.2.5 1. There was a 

positive çorrelation for time attempting unsuccessful takeovers and fernale stase i r  = 

0.124. p - 0.376. u = 0.05) for (;. owunrczis but there was no siyiilicmt differencc 

betwçen the timcs spcnt attempting unsuccesstùl takeovrrs and Fernale stage. The iirnrs 

and fernale stages were plotted with a rcgression linr i Figure 32.3). 

There was aiso a non-significant positive correlation for timr attempting 

unsucccsstùl iakeovers and fernale s i x  ( r  = 0.060, p -= 0.67 1, a = 0.05) for (;..o~*cu~~rctis. 

The times and fernale sizes w r e  ploned with a regression line (Figure 32 .4 ) .  

The çeneral pattern of behavioun for successful takeovers (N=3)  of femalr 

(;. o~~cunrclis hy intniding males (Figure 3.2.5)  consisted firstly of the inmider's 

gnathopods touching the fernale's back and sides: the next contact \vas the inmider 



3.2.1. Relationship between intmder and defender length of G. oceanicus for 
unsuccessful takeovers (r = 0.168) and successfûl takeoven. The diagonal broken line 
indicates equal lengths for inûuders and defenden. 

ie Attempted Takeovers 

A Successful Takeovers 

20 - 

22 24 26 28 30 32 34 

lntruder length (mm) 



Fime 3.2.2. Reiationship between intnider and defender length of G. oceanicus that 
made no atîempts at takeovers (r = 0.21 1). The diagonal broken line indicates equal 
lengths for intruden and defenden. 

. I I , . .  

lntruder length (mm) 



Table 3.2-5. Correlation values of time spent attempting takeovers in relation to both 
female egg stages and female size of G. oceanrcirs. 

I 
-- - - - - - 

Condition Correlation Value ( r) 
Time and Female Stase 
Time and Female Size 

p-val ue I 
O. 124 
O. 060 

0.376 
0.67 1 



Figure 3.2.3. Relationship between time spent attempting unsuccessful takeoven and 
fernale egg stage of G. oceanicus (-r = 0.124). 

Egg Stage 



Fi= 3.2.4. Relationship beiween time spent attemphng unsuccessful takeovea and 
femaie size of G. oceanicur (r = 0.060). 

Female length (mm) 



Fi- 3.2.5. The fiequency and sequence of behaviours ininated by intmding males 
dunng successfid takeovers in G. oceanicuî. The sequence of takeover behavioun from 
fim to last is in ascending order. Legend found with Figure 3.1.1. 

5 - 

4 

third 
-- Co* ; 

- -1 



engaging in tail beating on the fernale: and next the intruder's aritennae or ~nathopods 

toushed the kmale's sides. There was no contact by the intruder with the dcfender in 

succcsst'ul takeovers. 

However. the gencral sequrnce of behaviours for unsuccessfùl takrovers of 

(;. ocwlnrctcv females by intruding males were much more complicated than for 

successful takeovers. The intruding malcs made contacts with both the fcmales and 

defending males (Figure 3 .2 .6 ) .  The firsi contact \vas rither the intrudcr rouching the 

defenderfs back or the fernale's back with his gnathopods. Next the intruder contacted the 

fernale's side with his antennar and thcn the intruder engaged in rail beating of the 

fernale. 

Fernale choie  occurrcd as females did not resist takcovers in anv trial. and 

remai ned passive i n bot h the succcssful takem ers and unsuccessful takeovers. 

3.3 SIMULTANEOUS ASSESSMENTS 

There were two simultaneous assessments ( I .36O.o)  and 16 unsuccessful 

sirnultaneous assessrnents, where the extra fernale was grababbed and either escaped by the 

normal escape response or the male released her immediately after grabbing ( 10.88°.~) in 

total (Tables 3 . 3 1  & 3.3.2). The two simultaneous assessmrnts occurred with stage 4 

females with both of the extra females being larger than the paired fernale. The first male 

that simultaneously assessed both femalrs kept the original fernale, which was srnallrr 



Fiwre 3.7.6. The Frzquency and seqmnce of beha~iours initiated by inmding maies 
dunng unsuccessful takeovers in G. oceanicus. The sequence af rakcover behav~ours 
kom first to last is in ascending order. Legend found with Figure 2.1.1. 

Lntmder contasting kmale 

Inmider contacting h fendu 

9-b g-s 3-5 !b a-b g-b 3-9 a-h g-t 

behaviours 



Table 3.3 .1 .  Sumrnary of nurnber of successful simultaneous assessrnents, unsuccessful 
simultaneous assessments, and no sirnultaneous assessrnent atternpts for same stage 
females and same size Fernales in (1;. oceunrcu.s. 

1 Assessments 
1 

l 

Condition 
Successful Simultaneous 

Assessrnents 
Unsuccessfui 
Simutt;ineous 8 I I 8 10 

1 

Same Stage Females 1 Same Size Females 

2 
I 
l O 

No Simultaneous 
Assessment Attempts 

Total 

Total 
1 

- 7 

129 
l 

85 1 62 1 147 

75 54 



Table 3.3.2. Surnrnary of successful simultaneous assessment data giving the percentage 
of animals that had successful simultaneous assessments or unsuccessful simultaneous 
assessments, average amount of t h e  engaged in simultaneous assessment behaviows. 
and descriptive statistical calculations for both setups of same stage females and same 
size females for ( J .  ' oceun~cz~s. 

1 Percentage 1.36 5.44 5.44 1 

Condition 
Successful Simultaneous 

Assessments (Same 
Staee \ 

Average Time (min) 
Minimum Time (min) 
Maximum Tirne (min) 
Standard Enor ( min) 
Standard Deviation 

(min) 

Unsuccessful Simultaneous 
Assessments 

Same Staee 1 Same Size 

0 5 3  
O : 3 3  
\ : I O  
O: 19 

0 2 6  

O: 17 
0:03 
0:5 1 
0:06 

O :  16 

O: 17 
O : 0 2  
0:44 i 

0:05 

O: 14 



than the extra female. and released the extra Fernale. Conversely. the second male that 

sirnultaneousl!~ assrssed both females released the original fernale. which \vas smailer 

than the extra Vernale. and kepi the extn female. 

Eight unsuccesçful simultaneous assessments oçcurred with females in the same 

stage whilr the other eight occurred with Females of the same size. An unsuccessful 

simultaneous assessment occurred when the male grabbed the extra fernale wirh his 

gnathopods and tried to hold the extra fernale. dong with the original femalc. 
C 

perpendicular to his body? but \vas unsuccessful in grabbing and holdiny the extra fernale 

for manipulation. The male mav have just simply released the extra Iémalc: before he 

aaempted any assessment of the extra fernale or the r s t n  female ma. have resisred and 

escaped. 

There was no sibmiticant difikrence between the number of unsuccessful 

sirnultancous assessmrnts when ihe estra fernale !vas larger or sinaller than the onginal 

7 - 3 female in the same stage fcmale tnals (Table 2 . 3 . ~ )  = 0.500. d.f. = i .  p = 

0.480, u = 0.05). There was also no si~mificant difference between the number of 

unsuccessful simultançous assessments when the extra fernale was tùnher from or closer 

to moulting than the original fernales in the same size female tnals (x' = 0.000. d.C = 1. p 

= 1.000. a = 0.05). 



Table 3.3.3. Summary of nurnber of unsuccessful simultaneous assessments for same 
stage females and same size femaies in G. oceunicus. 

Same Stage Sarne Size 
Condition 

Larger 1 Smaller Further tiom Moult 1 Closer to Moult 
! 

Unsuccessful 
Simultaneous 



There was a significant differencr betwern the times to f o m  precopulas in normal 

G. O C ~ ~ I C I I . ~  trials and unsuccessful simultaneous assrssmrnts for same stage fernales 

(.W = 1 1 J.O. p = 0.000, u = 0.05). There was also a significant difference between the 

tirnes to form precopulas in normal (;. o~wu~rcirs tnals and unsuccrssfui simultaneous 

assessments for same s i x  fernales iW = 177.5. p = 0.001. U =  0.05). The tirne spent 

attempting unsuccessful simultaneous assessments for both samr stage and same size 

femalrs were shoner thao for normal (;. O L ~ L ' ~ I ~ I ~ C I I . S  prtxopulas. However. thrre w s  no 

signi ticant difference betwcen the average times attrmptinz unsuccrssful sirnultaneous 

( W  = 67.5. p = assessments for sûme stage fema 

0.958. a = 0.05). 

.les and same size fernales 

In both the succcssful and unsucct.sstù1 simuitaneous assessmcnts. once an extra 

femalc was initially contactcd. the male placcd the onginal Vernale perpendicular to his 

body wh ik  still holding her with his smaller anterior ynathopods. The male then grabbed 

the rvrra fernale with his Iürgrr posterior gnarhopods and proceeded w t h  his sequrnce of 

behaviours on thc extra Fernale. 

The general pattern of bchaviours For successful simultaneous assessments of iwo 

females for G. oceo,iicus by a male (Figure 3 .31  ) consisted firstly of either the male's 

gathopods or antennar contacting the extra fernale's back: the next contact wac the 

male's antennar or pathopods touching the extra kmale's side: nrxt the male's 



Fime 3.3.1. The fiequency and sequence of behaviours initiated by males during 
successful shultaneous assessments of same stage females in G. oceanicus. The 
sequence of simultaneous assessrnent behaviours from fint to last is in ascending order. 
Legend found with Figure 3.1.1. 



enathopods touched the extra fernale's side; and then the male's antennar contacted the 
Y 

extra female's back. 

The general srquences of behaviours for unsuccessful simultaneous assessments 

have been brokcn doun into pattern of contacts for same stage fernalrs i Figure 3 3.2 1 and 

same size fernales (Figure 3.3.3). For the samr stage fernales. the inale tïrst contacted the 

extra fernale's back wi th his antennaè. Nest the male's antennae toucheci either thé extra 

fcrnale's side or back. then the male's antennae touched the extra kmale's side. 

For the samc size fernales. the male tlrst contacted the extra fernale's back w t h  

his gnathopods. Then the male's antennae touched the extra female's side, and neat e~ther 

the male's antrnnac touchcd the exrra fernale's side or the male performed tail beating un 

the extra fernale. 

Neither ihe onginal fernales nor e s t n  fcmairs rcsisted during the successtùl 

simultaneous assessments. However. one extra temale resisted an unsucccssîÙl 

simultaneous assrssment in the same stage trials and two extra femalzs resisted 

unsuccessful simultaneous assessments in the same s i x  trials. 

3.4 EGG MANIPULATIONS 

The general behaviours that occur when the fernale is held at a right angle to the 

male occurred in (;. OCL>(IIIICILS for both stage 1 egg manipulation and stage 4 sgg 



Fime 3 - 3 2  The fiequency and sequence of behavioun initiated by males during 
unsuccessfid simultaneous assessments of same stage females in G. oceanicus. The 
sequence of simuitaneous assessrnent behaviours from first to last is in ascending order. 
Legend found with Figure 3.1.1. 
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F i m e  3.3.3. The frequency and sequence of behaviours initiated by males during 
unsuccessful simultaneous assessments of same size femaies in G. oceanicus. The 
sequence of simdtaneous assessrnent behaviom fiom first to las1 is in ascendmg order. 
Legend found with Figure 3.1.1. 
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manipulation females. Fernale choice was evident as Femalrs sornetimes swarn away 

afier the first contact by a malt: i 1 1 .XO 0 1  or the fernale npidly tlexrd and stra~ghtened in 

succession and cscaped after the male had bern assessing her for a period 17 73Oh). 

There was no difference betwrrn the times foming successfu! preçopulas for the 

stage i egg manipulation and stagr 4 egg manipulation fernales of G. ocrunrcirs (Table 

X I )  ( W  = 545.0. p = 0.069. u = 005 ) .  There \vas no differrnce hetween the times 

atternpting unsuccessfu! preçopulas (or the stage 1 sgg manipulation and stage 4 egg 

manipulation temales < W = 781 5.  p = 0.4 12. a = 0.05). There \vas no difference 

brtween the percentagr of pairs that formed successful precopulas for the stage 1 egg 

manipulation and stage 4 sgg  manipulation females < z  = 0.2194. LW? = 1.96. p = 

0.8158. a = 0.05). Howcver, there was a higher percentage of unsucccssful prccopulas in 

stage 1 erg manipulation than stage 4 t'gg manipulation femalrs < r = 2.237. t , , , : i  = 196. 

p = 0.0178. tx = 0 . 0 5 ) .  

There was no difference between the times Forming succrssful precopulas for the 

stage I eçg manipulation fernales and ( ;. o ~ w i n r ~ x ~  normal prrcopulas with stagr 1 

femalrs ( W  = 1688.5, p = 0.083. a = 0.05). However. there was a significant differencr 

between the timrs forming succrssful precopulas for the stagr J egg manipulation 



Table 3 - 4 1 .  Summary of data for stage 1 females with stage 4 eggs transplanted and 
stage 4 females with eggs removed giving the percentage of animals that formed 
precopulas and unsuccessful precopulas. average amount of time to form or attempt 
precopulas, and descriptive statistical calculations for G. oceanicus from a total of 90 
stage 1 and 104 stage 4 females. 

Condition I Stage 1 I Successful I Unsuccessful 

I Maximum (min) I 6: 16 1 1 :34 655 1 :09 I 

Stage 4 
Successful I Unsuccessful 

I Standard Deviation (min) I 1:14 0 2  1 1 I:19 I 0 : lS 1 

L 

Number Successful/ 
Unsuccessful Precopulas 

Percentage 
Avenge Time (rnin) 

Minimum ( min) 

I Standard Error ( min ) 1 0: 12 0:04 0: 12 0:04 I 

36 

40.00 
1 : 10 
0:05 

1 

3 1 

34.44 
025  
0:02 

3 -1 

20.19 
0 2  1 
0:O 1 

40 

3 8.46 
0 3 2  
0:08 . 



females and (;. oceumctrs nomal precopulas with stage 4 fernales ( W = 1443. 5 ,  p = 

0.000. a = 0.05) where it took lonser to form successful precopulas in normal 

G. oceunrcus than in stage 4 eggg manipulation fernale precopulas. 

precopulas 

precopulas 

diî'ference 

There ivas a higher percentage of precopulas fomed in normal successful 

in  G. weonr~~us  than in stage I egg manipulation kmak successful 

( z  = 6.800. si , ,25 = 1.96. p = 0.000. cr = 0.05 ). There was also a signiticant 

in the nomal succesçful precopuias in (;. r ) c ~ u ~ z ~ ~ ~ i . ~  which had a higher 

percrntagr than the stage 4 egg manipulation fernale successful precopulas ( z  = 7.245. 

41 i,:j = 1.96, p - 0.000. a = 0.05). 

There was no significant difference between the nurnber of successful precopulas 

formed ~vith stage 1 cgg manipulation or stage 4 egg manipulation fernales (Table 3 . 4 2 )  

( X 2  = 0.211. d.f - 1, p = 0.646.a=0.05).  There \vas also no significant difference 

brtwren thc number of unsuccessful prccopulas with siagc I egg manipulation or stage J 

egg manipulation females ( X' = 1.973, d. f. = 1, p - 0.166. a = 0.05). 

G. oceunicz(.v stage 1 1% manipulation females had a ratio of 1.51 for 

ma1e:female lengh (Table 3.4.3) for successful precopula formations. The sizes of males 

and stage I rgg manipulation fernales of <i oceumxis in successful precopula formations 

(Figure 3.4. l ) were ploned with a regession line. There was a positive correlation ( r  = 



Table 3 . 4 7 .  Surnmary of nurnber of successful and unsuccessful precopulas for stage 1 
females with stage 4 eggs transplanted and stage 4 females with eggs removed for 

Stage 
Successhl 

Unsuccess ful 
No Attempts 

Totai 

1 
36 
3 1 
23 
90 

4 
40 

Total 
76 

2 1 
43 
1 04 

52 
66 
194 



I .  ocemIcu.v T b  4 . 3  Ratios and correlation values of male length to fernale lcngth of ( ' 
for successful and unsuccessful precopulas with femalss in stage 1 w h  stage 4 eggs 
transplanted and fernales in stage 4 with eggs removed. 

- 
Stage 1 Stage J 

Successtùl Unsuccesstùl Successful Unsuccessful -- 

Ratio 1-51 1.47 1.47 1.49 
Correlation Value ( r )  O. 144 0.306 0.386 0.203 - 

p-valuc 0.403 O. 156 0.0 14 - -. 0.433 - - - . . 



Figure 3.4.1. Relationship between male and female length of G. oceanicus females in 
nage 1 wtb stage 4 eggs nansplanted that successfuilv formed precopulas (r = 0.144). 
The diagonal broken line indicates equal lengths for males and fernales. 

Female length (mm) 



0.144. p - 0.403, u = 0.05) whereby as male size increased. so did frmale size: however. 

there was no signi5cant difference between the sizrs of the males and females. 

(;. ocrmrcirs stage I rgg manipulation fernales had a ratio of 1.47 for 

male:femalt: lrngth for unsuccrssful precopulas. The sizes of males and stage I w g  

manipulation kmales of G. O S ~ U ~ I I S I I . K  in unsuccessful precopulas i Figure 3 .42)  wrrc 

plotted with a regession line. There was a positive correlation ( r  = 0.306. p = 

O.  156. a = 0.05) whrrrby as male size increased. so did fernale s ix :  howevcr. therr: \vas 

no signiticant difference bctwcen the sizes of the males and fernales. 

G. ocwrrrcirs  stage 4 egg manipulation fernales had (i ratio of 1.47 for 

ma1e:fcmale l rng th  {Table 21.3) for successful precopula formations. The sizrs of males 

and stage 4 rgg manipulation females of G. ocelimcirs in successful precopula formations 

( Figure 3 - 4 3 )  werc plotted with a regression line. There \vas a positiw correlation i r - 

0.386. p - 0.014. cx = 0.05) whereby as male sizr incrcascd and therc \ras a signiticant 

difference between the sizes of the males and females. 

(i. oceuniczrs s tag  J egg manipulation females had a ratio of 1.19 for 

ma1e:femair length for unsuccessful precopulas. The sizrs of males and stage 4 egg 

manipulation females of (;. ~~~vunrczis  in unsuccessful precopulas ( Figure 3 A.4)  were 

ploned with a regession line. There was a positive conclation i r  = 0.704 p = 



Fimire 3.42. Relationship between male and femaie length of G. oceanicus fernales in 
nage 1 with stage 4 eggs mplanted  for unsuccessful precopulas (r = 0.306). The 
diagonal broken iine indicates equal lengths for males and fernales. 

Female length (mm) 



F i w e  3 - 4 3 ,  Relationship between male and female length of G. oceanicus females in 
stage 4 with eggs removed that successfully formed precopulas (r = 0.386). The diagonal 
broken line indicates equal lengths for males and females. 

Female length (mrn) 



Figure 3.4.4. Relationsàip between male and fernale len@ of G. oceanim females in 
stage 4 with eggs removed thar successfully fonned precopulas (r = 0.204). The diagonal 
broken line indicates equal lengths for males and females. 

Female length (mm) 



0.433. a = 0 0 5 )  but thtre was no si~vificant difference betwcen the sizes of the males 

and fernales. 

The general pattern of precopula formation behaviours for a successful precopula 

in (;. o~-~.unicu.s stage I egg manipulation fernales ( Figure 3 . 4 5 )  consisted tïrstly of the 

male's gnnthopods contacting the femalr's back: then the male's antcnnar touc hrd the 

female's sidr: next either the rnale's gnathopods or antennar contactrd the kmale's sides: 

and then the male's gnathopods touchçd the female's back. 

The grnenl pattem of precopula formation behaviours for an unsuççessful 

precopula in < ;. occunlczrs stage 1 egg manipulation fernales ( Figure 3.1.6) consistcd of 

the male's gnathopods either contacting the kmalc's sidr or back: the nrst contact is the 

male's ûntennae touching the fernale's side; then the male perfomed tail beating on the 

fernale: nes? the male's gnathopods I O U C ~  the femalc's sidr: and then the male's antennae 

contacted the kmale's back. 

The general pattern of precopula formation behaviours for a successful precopula 

in (i. oCeunicu.s stage 4 rgg manipulation femalrs (Figure 3.4.7) consisted of first the 

male's pathopods contac ti ng the female's back: next the male's antennar touc hed the 

female's side: the male's antennae touching the femalr's side is again perfomed as the 

third contact: and then either the male's gnûthopods or antennar contacted the female's 

sides. 



F i w e  3.4.5. The frequency and sequence of precopda formation behaviours initiated by 
males during successfid precopuias with G. oceanicus females in stage 1 with stage 4 
eggs transpianted. The sequence of precopuia formation behaviours from first to last is in 
ascending order. Legend found with Figure 3.1.1 . 
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Fime 3.4.6. The frequency and sequence of precopula formation behaviours initiateci by 
males during unsuccessfd precopulas with G. oceanicus females in stage 1 with stage 4 
eggs tmnsplanted. The sequence of precopula formation behaviours from fint to last is in 
ascenduig order. Legend found with Figure 3.1.1. 
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Fimire 3.4-7. The frequency and sequence of precopula formation behaviours initiateci by 
males during successfid precopulas with G. oceanicus fernales in stage 4 with eggs 
removed The sequence of precopula formation behavioun from f i t  to last is in 
ascending order. Legend found with Figure 3.1.1. 



The general pattern of precopula fornation behaviours for an unsuccessful 

precopula in (;. oceontciis stage 4 cgg manipulation females (Figure 3.4.8) consistrd of 

fîrst the male's gnathopods contacting rithçr the fernale's sides or back: then the male's 

antennae touched the femaie's side; and next the male's antennae touched the fernale's 

back. 



Fime 3.4.8. The frequency and sequence of precopula formation behavioun initiated by 
males during unsuccessful precopulas with G. oceonic~s females in stage 4 with eggs 
removed. The sequence of precopula formation behaviours from fint to last is in 
ascending order. Legend found with Figure 3.1.1. 



4.0 DISCUSSION 

4.1 NORMAL BEHAVIOURS OF Ginrr~lurzrs SPECIES 

G. .sero.vtr.s was not previously studied but there arc similanties and ditkrenccs 

betwen this specirs and the !Our species ( ( ;. o ~ ~ c ~ r i n i ~ w s ,  ( ;. i / i r c ~ h b > t i .  (;. I~ i r i~rer i~x in~c .~  

and G. ~ h l z ~ s o ~ t c s >  alrrady studird. Times to fonn succcssful precopulas and the 

percrniages of animals that formed successful precopulas in (;. s m s i r s  did not differ 

signiiicantly in the morning and aftemoon trials. This was also the finding for the other 

î'our species pre\.iously investigated. 

Egg stages 3 and 4. which rire close to the production of the nrst batch of sggs. 

have ihc highest numbers of fernales that formcd successful prccopulas indicating that the 

fernale is close to moulting and oviposition. In al1 5 species there was a positiw 

correlation between the drvelopment of the rmbryos in the brood pouch and the ooonia  

enlargement and developrnrnt in the ovary, as was found by Dunham ( 1986) and Steelr: 

& Sterle ( 1969 ). Males of thrse five species can determine how close a fernale is to her 

next moult which indicates how soon she will produce her n e a  batch of eggs that can he 

Ièrtilized. 



Female choice \vas evident in G. . v~tos~r .~ .  Sometimes the Fernales resisted 

precopula formation by flrsing and kicking rapidly and escaping from the male's grasp. 

This was also the case for ( ;. occunrcws. ! ;. clrrehtlni, ( ;. 1u~~rc~~icr~i11zr.s. and (;. ohrus~irrt.~ 

(Miller, 1995). I-iatcher & Dunn ( 1997) obsrn.rd fernale resistance in (;. h e k n r .  Dick 

& Elwood ( 1989) and VJard ( 1984) obsrrved fernale resistance in c ;urrtnrurirs pi i l~~x.  

Robinson Sr Doyle ( 1985 ) and Huntr. M y r s  & Doyle ( 1985) observeci fernale resistançe 

in (;. Iu~o*rno~i~ti~.s .  and Borowsky 8 Borowskv ( 1987) obsened lemale rcsistancc in 

( ;~r»mvirirs pdirstrrs. 

4.1 .Z SPECIES COMPARISONS 

Only gneral descriptions of behaviours that occur duriny male assessrnent of 

femaies are reponcd in the literature of precopula formations in  (;irn~nrrrrirs specicts. The 

male is described as holding the fernale, he touches the fernale's dorsal surface with his 

abdomen and also cnakes contact with his pleopods. The male ma!.. after forming a 

precopula. siroke the krnale's sides with his gnathopods. which has bcen suggestrd as 

behaviour to paci- the fernale and is not considrred a reproductive brhaviour. This 1s 

described for several species of (;un~nrtrrir.s - (i. pi il^'^^ (Dick 8; Elwood. 198% Br 198%: 

Birkhead & Clarkson. 19801, (;. Iuwrenclunrrs ( Dunham & Hurshman. 199 1; Dunham & 

Hurshman, 1990: Dunham, Hurshman & Gavin, 1989: Dunham, 1986; Dunham. 

Alexander & Hurshman, 1986 ). G. ililehcnr ( Hanno 

(Borowsliy 8: Borowsky, 1987). The present study 

behaviours involved in successful and unsuccesstùl 

I I  & Smith. 1978) and G. p<iizrsiris 

describes in demil the sequencr of 

precopula formations to provide a 



more completr picrure of the precopula formation behaviours for the h e  spccies studied 

- (;. .scltosus, (;. O ~ ~ ~ L I I I I C I ~ S ,  ( ;. ~izteh~'111. (; . /uti-ri~~~~+~u~ltc.fi*,  and ( ;. ohtrisur irs. Prcwws 

studies have not described the precopula fornation brhaviours in the detail provided in 

this srudy. Previous studies have also not compared average timrs to (orni precopulas. 

the ptrrcentage of animals that fonn precopulas. or compared the detailed scqurnçe of 

J ~ I N I ~ ~ ~ L I T ~ I S .  precopula formation behriviours betwitrn species of ( ' 

The Vive spccies studicd aie rnorphologically diverse. but do have some 

resernblance to each other in certain respects. (;. ucio.~ir.s and G. ocrmicLiis are the most 

closely rrlatrd rnorphologically of thesr t h e  species. The main ditTerence occurs with 

the setae on the tirst peduncular se~ment of the tïrst set o f  antrnnae and the lrngth of the 

peraeopod 7 sstae. (;. ~luehe~ir and G. bwrcncimirs are morphologically different from 

one another and from both G. srrosiis and G. ocrur7icits. The setae on the tirst peduncular 

segment of the îïrst set of antennae and the peraeopod 7 serae of ci. ~lri~hc~nr are 

somcwhat similar to that of (;. ~ C ~ P C I I I I L X S  and (;. . W ~ ~ S I I S .  whereas the setat. of thcst. 

particular appendayes in (;. luwrencr~niî.s are Iess sirn ilar to G. o~winrcirs and 

G. 1uwrc~~lcrunrr.s. Also, (;. .s~~tosic,s, (;. ocvtrrzrcirs, and (;. dztrhrnr have a similar sire 

range. However, (;. hwrcncrunirs i s considerably srnaller than t hese three species 

(Bous field. 1 973). 

(;. oht~csirrm is very different morphologically from the other four species. I t  has 

been classi fied. at di fferent times. as .\ turinogunimurzrs ohtmur irs, Eiilimnog~~rnn~o~~zr.~ 



ohr i ~ r t i . ~ .  and ( ;~o~imtu.in ohrii.surin. The main rnorphologicai di fference that classifies 

(i o h r z w r i i s  as either .\ I. rhriisoii~s or f:'. ohrtis~rrtrs 1s its inner ramus of uropod > nhich is 

very small being less than one third or one half the length of its outer rarnus. This 

compares with the inner rarnus of uropod 3 brinç at least one third or one half the lengh 

of the outcr ramus in other species of Gmznr~infi. The relative sizes of the two sels of 

~maihopods are also rcversed: the antenor set is larçer than the posterior set (Lincoln. 

1979; Bousfield, 1973 ). 

The scquences of succrssful precopula formation behaviours for al1 tive specics 

include as the first contact the male's gnathopods contacting the fernale's back and as the 

second contact the male's antennae contacting the fcrnale's sides. The t hi rd contact 

includes the male's antennae contacring the fernale's side in al1 species w e p t  

. t b s u t .  ( ;. rweunrctts and G. ~ lurhen ,  have the most similar sçqurncc of precopuia 

formation behaviours whereas (;. ohrztsrrtr.~ is the most different frorn the other four 

species. One possible esplanation for the di fferences brtween rhr sequenctts of 

successful precopuia formation behaviours in (;. ohrirsuirs  is 11s morphological 

distinctness from the ot her four species. 

The srquence of unsuccessful precopula formation behaviours inc ludes the male's 

gathopods contacting the fernale's back as the fint contact for al1 tive species. The 

scquences of contacts are quite different for the îke species staning with the second 

contact behaviour. 



(;. oh/i isma is significantly different in al1 combinations from the otber four 

species for both average times and prrcrntages of precopulas fomed. rvcept for the 

average times between ( i .  ohrtrsurzis and G. ~liwheni. Again. a possible explanation for 

the differences beiwren the four species and G. r)htic.s~tir.~* codd be the extremr 

di tkrences in t heir morphologies. 

Either one or both of average times or percentage of precopulas forrned diffcred 

for most of the rest of the species comparisons. Houcwr. the cornpanson betwren 

(;. rrc*cmicbzi.y and ( ;. Imvrcncrmrc.v indicated there werc no di fferences in cither the 

average times or prrcrntagcs. Overall. rhe differences in sequrnces of prsopula 

formation behaviours, average times to form precopulas. and percrntages of anirnals t hat 

form precopulas show there are signifiant differences iimong thesr h t :  species. This 

concurs with the differences in the morphologies of thesr specics. 

4.1 .j.lNTEKSPECIFIC PRECOPULAS 

There wrre no interspecific precopulas formed or attempted betwen (;. scrosus 

and G. ocruniclis. Kolding (1986) suggcstrd that G. o~*emiciis should not form an! 

interspecific precopulas with smaller species of (iurnrncirrrs because of premating 

isolatin- mcchanisms of size since this species is usually larger than other species. 

However, this does not hold true for this combination of Ci. ocrunicrrs and (;. stosirs 

since they are of the same relative size. Thesr specirs c m  occur together on the same 

beaches wvith overlapping distributions but (;. sriosiis is found slightly higher on the 



shore (Steelt: & Steele, 1974). No interspecific pairs were observed in the natunl 

population (Millrr. unpublishrd observations) Thesr species ma' b r  able to rem-nize 

each other even without contact. 

There wrre no interspeci tic precopulas formrd betwen the four p r e ~  iousl y 

studied species. with the txccption of (;. o ~ * ~ . u n ~ ~ ~ i r v  and ( ;. hehcnr .  Four interspeci tic 

precopulas w r e  formed iv i th  thesr two species < Miller. 1995 ): howe~er. Kolding ( 1986 > 

found that these two species did not f o m  any interspecitic precopulas with one anothcr. 

4. 1 .-+ SIZE ASSOR'TATIVE MATING 

Size assortative mating occurred in (;. srrosrrs. The male: fernale ratio was 1.63 

showing that the males were approsimatrl~. 60"0 largcr than the fernales the'. havc 

fomed precopulûs with. This is higher than the ratios rccorded for (;. ptrlc~x of 1.30 to 

I ..(O ( Ward. 1988. Birkhrad & Clarkson. 1980). This ratio is also higher ihan an\. fourid 

for the othrr 4 species - ( ;. 1~iwrcncronlr.s ( l.38), ( ; tlcrchcrri ( 1 45 ), i ;. o c ~ ~ i r l i c t n  ( 1 4 7 )  

and G. oh/icsurrrs ( 1.30) ( Miller. 1995 1. This means that (;. scJ/o.ws males choosr srnaller 

femalcs than the other Four species. 

Larger females produce larçer numbers of eggs than smaller females (Naylor & 

Adams. 1987: Adams R: Greenwood. 1983; Birkhead & Clrirkson, 1980). Therefore it is 

çxprcted that males will choost: larger females. However, this is not the case with 

(;. sc . /o . s i~s  since the males are 60% larger than the fernales. Caming Females in 



precopula puts constraints on the male's swimming abilip, so theri: is a tnde-off between 

rnasimizing the nurnbers of rçgs fertilized and maximizing swimrning abiiih (Adams S; 

Greenwood, \983). G. .setosris may not be as strons a swimmer as the other four species 

studied. or just may choose to maximize swimrning abili ty more than ihe number of rggs 

fenilized. 

Ratios can va- up to a ratio of 1.50 for various species (Sutcliffe. 1993b: Adams 

& Greenwood. 1987). Size assortaiive matins has been found in numerous species of 

(imz~wrrrs - G. puler ( Ward & Porter, 1993: Elwood &k Dick. 1990: Ward. 1988: 

Elwood. Gibson 5; Neil, 1987: Adams & Greenwood, 1985: Greenwood aC Adams. 

1984: Thompson & Moule. 1983; Adams & Greenwood. 1983; Birkhead 8: Clarkson. 

1980). (;. hc.hsm (FIatcher & Dunn. 1997: Navlor & Adams. 1987. Ward. !985 ). 

( ;urnnwrzrs p.s~~ri~io/~ntnueirs ( Mathis & Hobac k. 1 997), (;. oceunrcus. ( ;. puiir .w.~ and 

G. vbtirs~irzrs ( Adams Bt Greenwood. 1987). 

4.2 TAKEOVERS 

Overall. k w  studies have been conductcd wvith respect to takeovers. The 

percentage of succcssful takeovers in (;. oceunrcus is low (1.1 O%), compared to results of 

takeover experiments for other species of (~urnmurzr.~. (1 puler is the most commonlv 

studied species with respect to takeovers. Ward ( 1983) found 9O.S successful takeovers 

for ci. pules while Birkhead & Clarkson ( 1980) found 10.7?/0 successful takeovers for 

(;. p u l a  and Elwood, Gibson & Neil (1987) found 9.6% successful takeovers. also for 



ci. pulrx. In all three of thesi: experiments, no takeovers were actuallg observed as the 

animals w r e  not continuousiy obsrrved but were checked afier a few hours or days. 

However, in the rxperiments of Elwood, Gibson & Neil ( 1987) the setups were obsewed 

for a continuous penod of 10 minutes before perforrning a final check after rwo hours to 

determini: if takeovers had occurred. Again no takeovers were directly observed. It ma? 

therefore be that some pairs may have srparated of their otvn accord before the fernale 

moults and the second male (intruder) may fom a precopula with the now separatrd 

fernale in the normal fashion ( Rirkhead & Clarkson. 1 B O ) .  The percenrages recorded as 

successful takeovers rnay not br takeovers at all: thus the percentages ma? be rathrr high 

estirnates of possible successful iakeowrs. The differrncrs ma! also be parti!. explainrd 

bv the îàct that al1 of these takeover experiments werc camed out on a different specirs 

((i pirle.~i than the (;. ocrumxs of this expenmrnt. 

Dick <Yr Elwood ( 1990) ülso camed out takeover experiments on (;. p i r l ~ ~  usmg 

the sarne I O  minute observations as in the takeovrr rvpenments w t h  G. ocrwiicrrs. No 

iakeovers were observed when a pair, with the fernale in various egg stages. was placed 

with an rx tn  male (intruder) of varying sizes for G. p u l a .  However the same setup wirh 

a newly moulted fernale had 11.80/ takeovers (Dick & Elwood. 1990). These results are 

comparable to the G. ocvunirus takeover expriments of this papa sincr the setup was 

the same and three takeovers were actually observed. The higher percentages are likely 

due to differences between the two species. All of the three successful takeovers for 

(;. ucranicus occurred with femalcs in stage 4 tthat corresponds closely to the newly 



rnoulted females in the (;. plrlex experiments of Dick & Elwood 1 1990). The majonty of 

unsuccessful takeovers for (;. oceunicifi were also of stage 4 females. Femaies in egg 

stage 4 are the closest to producing their nek? barch of eggs for krtilization (Dunham. 

1986; Steele & Steele. 1969) thereforr it was expected that successful and unsuccessful 

takeovers would occur the most with stage 4 fernales. 

No significant difference was found for (;. ocemic.xs in average tirnes spent 

attempting unsuccessful takrovrrs brtwxn intruders larger than defenders and intrudrrs 

smaller than defenders which was also found hy Dick & Elwood ( 1990) Ior ( ;. p h r  

unsucccssful takeovçr attempts. The size of rhr intrudcr. in relation to the defender s i x .  

does not make any difference io the amount of tirne iitternpting unsuccessful takeovers. 

The ratio of intrudçr Iength to dcfendcr Iength of ( i  (werinicirs was highest Ior 

succrssful takrovers ( 1 . 1 3 ,  cornpareci to an unsucccssful tcikrover ratio of 1.09 and a 

ratio of 1 .O5 when no attempts were made. These rcsults suggest that in ordcr tor 

takeovers to occur in  (i.  o~.~ .urr tc i~~ ,  there must be a ratio higher than 1.09. Iribame. 

Femandcz S: Armstrong ( 1996 ) found that E. oclulurrt must have a minimum ratio of 1 .10 

for takeovers to occur. while Ward (1983) found a ratio of 1 . 1  1 for successful takeovers 

in ci. pukr  which corresponds to the ratio of successful takeovers for (;. ocwnrcus. 

Intmding males of (;. rxeuniciis must be 1 2 O i  larger than dekndinç males in order for 

takeovers to occur. 



The correlations of intruder to defender size for both unsuccessful and no 

takeover anempts were low and there was no signiiïcant difference between the sizes of 

intruders and defenders of G. ocwnicu.s. However, no analysis could be carnrd out for 

the successful takeovrrs since only three occurred. There ma! actually be a high positive 

correlation with a siynitisant difference between intruder and dcfender sizes for 

successful takeoçers. but a greater number of takeovers would have t» be obsenttd to 

determine this. 

Thrrc was no sigificant ciifference between either the tirnes spent attcrmpting 

unsuccessful takeovers and fernale egg stage or îkmale sizr in G. o ~ . e t i m x ~  Males can 

assess fernale quality quickly and do not need increased tirne to determine if  the fernale is 

suitable. This is advantagrous for the intruding male since tirne attrmpting a takrover 

decreases the time the male has available io search for a fernale not alreûdy in precopula. 

A quick assessrnent of a paired Fernale masimizes the time Ieft to the intrudrr to tind 

another fernale. 

In general. the sequence of successful takeover behaviours for ( ;. o~~c.o>ir~-irs 

diffrred from the sequence of unsuccessful takeover behaviours and the normal precopula 

formation behaviours of G. oceuizzcu.~. The main difference in the successful takeover 

behaviour sequcncc of contacts was the male engaging in tail beating of the fernale as the 

second contact. In normal successful precopula formation behaviours of (i. ocraniciis the 

second contact is the male's antennae contacting the fernale's side (Miller. 1995). 



The sequence of unsuccessful iakeover brhaviours for G. ocQrmricrr.s is yuitr 

different from the successful takeover behaviours since the intruder dors rnga-r in sorne 

contacts with the defendcr as well as with the fernale. Ward &- Porter ( 1993). in a 

simulation study, suggest that if a female is already paired then the male iintruder) \ d l  

assess the paired male (defcnder). They suggcst this is behaviour by the defender to grt 

betwecn the intruder and the Irmak to prevent contact berween the two. A s  discusscd 

rarlier, in (;. occuiriczts the intruders were 12% larger than the defenders when successful 

takeovers occurred. The intruder may be assessing his sizr in relation io the defender. 

dong with assessing the qualitv of the fernale. to detenine if a successful takeover can 

occur If the intruder determines the dsfender is too large in relation to his oun sizr. or 

the female qualit? is not acccptable. then no takeovers wili occur. 

The most common tirst contact in unsuccessful takt'owrs is the intruder's 

gnathopods contacting the defendrr's back. The intruder also uses his gnathopods to 

contacr the kmale's hack as a tirst contact quitr ohen. Borowsky ( 1984) obserwd in 

( ;. pulics/rrs that an intrudrr will use his smaller antenor gnathopods at the usual 

anachment points on the fernale and uses the larger postenor gnathopods to pry off the 

smaller antenor gnathopods of the defender while pushing the defender away from the 

female with his uropods. These observations agee  with the first contact in successful 

takeovers in (;. ocoutiicrrs but only panly asgee with the first contact in unsuccessful 

takeovers since the most common tirst contact is the intruder's gnathopods contacting the 

defender's bacli. The intruder does anach to the female at the usual attachment poinrs 



with his anterior ynathopods in G. oceunrcirs. but there \vas no actual observation of the 

use of the largtr posrerior gnathopods to pry off the de fendu's anterior gnathopods from 

the fernale or the pushing awav of the defender bv the intruder's uropods as in 

( ;. p l i l~~s t r i .~ .  

Male-malt: cornpetition is present in (;. o~~eunlcirs in the form of takeovers. 

Numrrous atteinpts occur but rictual talirovcrs are rare. The rnajonty of the defenders 

retained their frmalr r v r n  i f they were smaller than the intmder. Dick S: Elwood ( 1990) 

suggest thrre 1s a positional advantage of thc defender since the deknder has a tiyhtcr 

gnp on the fcmale already in its possession than an intmder would on the same female 

Y. 0C'~'~ln~L'~r.s. which i s  supponed by rhe rcsults w h  ( ' 

Fernale choicc was also evident i n (;. o c w m c x S  in successful or unsucccsstÙl 

takeovers 3s the female remriincd passive and did not rrsist during an!. successful or 

unsucccsstùl takeovers. CIowevcr, Elwood. Gibson cYs Neil ( 1987) did obscme kmalc 

resistancr: (choicr ) in ( ;. pzric.~. ( ;. oce~inrcir.r frmales do sometimes resist during normal 

precopula formation (Miller, 1995). 

4.3 SIMULTANEOUS ASSESSMENTS 

The perceniagr of successful simultaneous assessrnents in (;. ~1ceun1cirs is low 

( I . X O o )  compared to rrsults of simultrineous assessrnent cxperiments for othrr sprcies. 

Dick & Elwood ( 1989a) found 5. j06  successful sirnultaneous assessments for (;. piilex 



and 25.3O6 unsuccessful simultaneous assessments. lvhich is higher than the percentases 

of 1 .XO O for successtùi simultaneous assessments and 10.88O O for unsuccessful 

simultaneous assessments in (;. ocrunrcrrs. Dick ( 1992) dso found 9 . 3 O b  successful 

simultanrous nssessments in a later cspenmrnt with G. pider. The diffcrences in 

percentagrs could be attributed to di fferences between specirs. 

These rspenmcnts wth b'. piil~~x tound that rhe majont?. of males chose tèmalcs 

that were closer to moult and larger - 8 5 7 O L  ( 6  out of 7) ( Dick. 1997) and 100% (Dick % 

Elwood. 198%). Neither of these rvpenrnents w r h  G. prrlcx med to ssparate the tua 

main determinants of female quality - time until next moult and female size. These rwo 

experiments. both w t h  G. plriex. have bern the only evpenments conducred on 

simultaneous assessments with species of ( ~ ~ t r ~ n t ~ r ~ ~ s  ' 

The t ~ o  succt.ssful simuitaneous assessments in  (;. occJurwir.v both occurred \u th 

same stage fernales. where one male krpt the onginal female. which \vas srnaller than thc 

extra fernale. and the other male swiltched and took the extra fernale. \\.hich \kas largcr 

than the original fernale. These fernales were both in stage 4 and close to moult. 

therefore men though one male kept a srnaller female. his choice was still sound since the 

female he was ~riginallv holding was close to moult. The male should also want to 

choose a larger female since larger females will produce a greater number of rggs 

i Adams, Watt. Naylor & Greenwood. 1989: Bi rkhead & Clarkson. 1 980). esprcially 

since the two kmales present were both in stage 4. However. Elwood, Gibson & Nril 



( 1987) found that although larger kmales offer a greater reproductive succrss due to the 

grearer number of eggs produced. it cornes at a cost to the male of caminp a larger 

femalr. When females close to moult are encountered. size ma- not play as important a 

role as when kma1c.s are iùrther from moult. 

in the same stage female tnals for (;. O C L ' M I I C I I S  there aas  no signiticant 

differencc between the number of larger extra feinales or smallsr extra fernales thai males 

rittempied simultaneous assessments with. In the same sizr femalr tnals for (;. O L . L ~ C I I ~ I L - I I . C  

thrre was no siyniticant diffcrence between the numbcr of extra fernales closer to mouli 

or îùrther tiom moult that males attempted simultaneous assrssmrnts with. This 

indicates that males will sornetimes arlempt to grab extra fernaies that thru encounier 

regardless of the quality of the extra fernale. i ;. o ~ w n i L s i r . v  males grab and manipulate 

females which iillo\vs proper assessrnent of fernale qualit'.. This suppons Dick 6 

Elwood ( 1989a) who suggest from their study of sirnultaneous assessments in (;. p k . ~  

that initial touching without grabbing and manipulations of the fernales does not alIo\+, 

males to properly assess female qwlity. 

There was no si@ ficant di fference between t hr average timrs of unsuccess fui 

simultaneous assessments in (L owcrnrcirs for same stage females and same size Fernales 

which means that males can assess both of thesr indicators of female quality in the same 

time period. 



The srqurnce of successful simultaneous assessment behûviours for ( ;. O L ~ L W ~ I L . ~ ~ . ~  

diff'ers Iiom the srquence of unsuccessful simultaneous asscssmcnt bzhaviours. both 

same stage and same size. and the normal precopula formation behaviours of 

G. o ~ w r ~ ~ l c w .  The main difference in the successful simultaneous assessment behaviour 

sequence of contacts is the male's ynathopods touching the extra fernale's side as the third 

contact. In nomal precopula formation bzhaviours of G. o~.e~ir~r~~ir . \  for successful 

precopulas. the ihird contact is the male's antennae contacting the female's side or the 

maiz's rail contacting the female's rail ( Miller. 1995 r .  

The main difference in the sequrnce of unsuccessful simultaneous assessment 

behaviours of same stage fernales by (;. oCeu~ticrrs from the normal precopula formation 

behaviours for unsuccessful precopulas was the f in t  contact. The male's üntennae 

contacts the extra female's back whereas in the normal precopula formation behaviours of 

(;. o~~eunrcrrs the tïrst contact is the male's gnathopods touching the fmalr's bac k ( Miller. 

1995). This t k t  contact is also difirent tiom the successhl sirnuitancous asscssments 

and unsucccsstùl simultaneous assessments of same s i x  fernales, which i s  rilso the male's 

gathopods touching the female's back. The main difyerence in the unsuccrssful 

simultaneous assessment behaviour sequence of same size fernales by (;. o c ~ ~ r ~ r c z ~ s  from 

the normal precopula formation behaviours for unsuccessful precopulas was the third 

contact. The male's antennar touched the extra female's side or the male performed tail 

beating on the extra female whereas in the normal precopula formation behaviours of 

(;. ocemrczrs the third contact also is the male's antennae touching the female's side but it 



also includes the male's tail touching the fernale's tail (Miller. 1995). The extra behaviour 

of tail bcating of the exrra fernale is another differencr between unsuccessful 

simultaneous assessments with same size femaies. 

Femalrs of (;. o~.~wnrclrs. both the origtnal and extra fernale's. did not resisr 

simul ianeous assessments and remained passive during the successful si mu1 taneous 

assessments. However, three extra femaies resistcd unsuccessI'u1 srmultaneous 

assessments but al1 of the original fcmales remaincd passive during the unsuccessîùl 

sirnultant.ous assessments. Fernale choict. is ecidrnt in 6. ~ L I ~ ~ ~ ~ ~ L ~ I I . ~  in simultaneous 

assessmrnts by the extra fernale. This corresponds to the normal precopula formation 

behaviours for (;. ocwrtrczrs where fernales somctimes resisted when grabbed by a male 

attempting precopula formation (Miller. 1995 ). Dicb & Elwood < 1989) ûlso obseneed the 

extra fernale resisiing with rapid kicking motions in G. pir l~~x in simultanrous assessrnent 

cxperiments. 

4.4 EGG MANIPULATIONS 

Precopulas were fonned in (;. weunrcirs with both stage 1 Fernales with stage 4 

eçgs transpianted (stage 1 egg manipulation females) and stage 4 females with rggs 

removed (stage 4 ergg manipulation females). There was no siçnificant difference in the 

times forming successful precopulas or unsuccessful precopulas betwern the stage 1 egg 

manipulation females and stage 4 egg manipulation femaies of G. oceurzrcus. This 

suggests that since the stase J eggs are transplanted into the stage 1 females. it rnakes 



them as attractive as stage J fernales without eggs. There was no sigiticant difference 

betwen the perceniagr of pairs that fornird successful precopulas in G. o ~ ~ ~ . c i i t i ~ . i r s  for 

stage I egg manipulation frmales and stage 4 rgg manipulation tèmales. But there was a 

significant difference betuwn the percentage of pairs that anempted unsuccrssful 

precopiilas for stage I egg manipulation fernales and stage 4 egg manipulation frmairs. 

This suggrsts that stage 1 cgg manipulation females. who had a highrr prrcentage of 

unsucccssful precopulas than stage 4 egg manipulation fernales. initially sserned mort: 

attractive to the male. but othrr factors than j ust brood pouch contents i w g s  J are dso 

involved in male's decisions on fcmalt: yuality. Dunham ( 1986 ), tiom his work with 

(;. I~rw~r~r lcx lrzrrs .  also suwests that other factors influence the male's decision about 

femalt: qua 

rxperi ment 

( hmrnurzrs. 

ity in addition to the fernale's brood pouch contents. 

1s the only one conducted w t h  respect to cgg manipulnt 

Dunham's ( 1986 ) 

ions in species of 

Theri: were signi licant differences hrtwern succrssful normal behaviour and 

succrssful rgg manipulation average times to tom precopulas and percentagrs of 

animals that fom precopulas for stage 1 and stage 4 fernales. However, there was no 

significant difference in stage i e g  manipipution femalcs and stage 1 normal behaviour 

females in the average times to form precopulas The average times and percentages 

were higher for the normal beha~iours than the cgg manipulations. which indicates that 

males t o m  fewer precopulas nith the ryg manipulation females. The brood pouch 

contents may indicate to the males that the fernale is in a different stage but it is possible 



that there may be other factors that influence the male's drcision about the fernale's 

qualit).. The male m q  be receiving contlicting information and this is possibly the 

reason why the percentages of precopula formation were lowcr with egg manipulation 

tèmales than with normal fernales. 

Therr was no slgni ficant di fference between nurnber of successful or unsuccessful 

precopulas belwtten siage I w g  manipulation fernales and stage J egg manipulation 

fernales which supports the theon. that both brood pouch contents and other factors plav a 

role in  male's assessrnent of fernale qualih . 

The ratios of male to fernale l r n g h  in successful and unsucccssful precopulas 

with stage 1 w g  manipulation females and s t a g  4 egg manipulation fernales were dl 

equal io or above the ratio Found in nonnal ( ;. oceunicus ( 1.47) i Miller. 1995). Size 

assortative mating occurs with the eyg manipulation kmalrs as with nomal fcmales. 

In gmeral. the srquence of successful and unsuccrss ful precopula formation 

behaviours h r  (;. ocrunicrrs stage I eyg manipulation fernales and stage 4 rgg 

manipulation females differ from the sequence of behavioun of the normal (;. orvunrciis. 

The first contact in normal precopula formations is the male's gnathopods contacting the 

fernalets back (Miller, 1995) which is also the case in both the successful precopulas with 

stage I egg manipulation females and stage J rgg manipulation fernales. It is also the 

case for both the stage 1 and stage 4 rgg manipulation unsuccessful precopulas: however. 



the males also used the? gnathopods to contact the female's sides as the k s t  contact. This 

is the samr h r  normal (;. O L ~ ~ L I I I I C I I S  U ~ S U C C ~ S S ~ U ~  precopulas. 

The ciifferences arise with the third contact. In normal G. ocwr lrc . l r s  successtùl 

precopulas. the third contact 1s eithrr the male's antennae contacring the female's sidc or 

the male's tail contacting the female's tail. For stage 1 egg manipulation fernales foming 

successful precopulas. the third contact is cithsr the male's gnathopods or antrnnar 

touching the tèmale's sides and for stage 4 egg manipulation females formin- succrssful 

precopulas. the third contact 1s the male's antrnnat: contactiny the fernale's side. 

In normal (;. oceunicio unsuccrssful precopulas. the third contact is other. For 

stage 1 cgg manipulation ticmales unsuccessful precopulas. the third contact consisrs of 

the male pcrforrning taii beating on the femalr. and for stage 4 cgg manipulation fiimalrs 

unsuccessful precopulas. the third coniact is the male's antennar touching the fernale's 

bac k.  

The differencrs in the sequences of precopuia formation behaviours fior cyg 

manipulation fcmales and normal females indicate the male must use a different sequencr 

to properly detemine the female's qwlity because of the conflicting information of the 

brood pouch contents and other factors. 



Femalcs of both stage I with stage 4 erggs transplanred and stage 4 with eçgs 

removed sometimrs resisted precopula formation. Fcmalr choiçe is rvideni in both the 

successful and unsuccessful precopuias. This corresponds to the results 01' normal 

G. O C L ' ~ I I I ~ L ~ I I S  precopulas where fernales sometimes resist precopula formation (Miller. 

1995). 



5.0 SUMkIARY 

1 .  (;. .vcJtosiis males chose to form precopulas more often with fernales that were closer 

to producing their nest barch of eggs to be fenilized. This indicates that males use 

brood pouch contents as a factor to determine a female's quality. 

2. Sevual sclrction. in the fom of fernale choice. \vas presrnt in (;. s J i o s i r s .  

3. There were similariries in the first contact in the srquence of precopula formation 

behaviours in successful and unsuccsssful precopulas for al1 fivè spccics studied. 

However, the overall sequence differs arnong the species for both successful and 

unsuccessful prrcopulas indicating that the males of cach species must use 3 di ffercni 

sequence to determine the female's qualitv. 

4. There were si@ïcant differencrs arnong average times and percçntages of 

precopulas formed for al1 fïve species. which çorresponded to the difirences in 

morpholoyy of the species. 

5 .  G. ohtti.suttr.s was the rnost difircnt in the srquences of precopula formation 

behaviours. average rimes and precopulas lormed from the other tour specics. This 

may be explained by the evtreme differences in rnorphology between G. ohtirsurrrs 

and the other four species. 

6. No interspeci fic precopulas were fomed or atternpted between (;. serosirs and 

(i. oceui7rczr.v. although bot h are found on the same beaches with overlapping 

distnbutions. This indicated that these species miçht be able to reco~mize rach other 

rven without contact. 



7. Size assortative mating occurred in G. .wro.w.v. The males of this species. bowever. 

chose slightly smaller females than the othrr four species studied. This ma- be 3 

tradeoff betwrrn size of the female and the male's swimming ability. 

8. Takeovrrs occurred in (;. OLWIIIL*II .S ,  d l  with stage 1 females which w r e  the closest 

to producing their next batch of tggs to bt: frnilized. 

i ) .  The slzr of the intrudrr. in relation to the defender. made no differencr to averagc 

times attempt in3 takeovers in ( ;. oceuwctrs. 

10. The sequencrs of precopula formation behawours of successful and unsuccr.ssful 

takeovers were different from each othcr and from the normal behaviour sequences 

t'or ( r .  ' oc'c'c~nlc'zls. 

I I .  Sexual selection. in the tom of male-male cornpetition as takeovers and krnalt. 

choicr as passiveness. occurred in (;. O L W ~ - I I . Y .  

12. Simultaneous assessments occurred in ( ;. ocwnicirs with fernales that were both in  

the samr rgg stage - stage 4 which are the çlosest to producing thcir nrst batch of 

eggs to be fertilized. 

13. There were no diffrrences between the average times in unsucccssful simultaneous 

assessments for same size and same stage trials in ci. ~ L ~ ~ ~ ~ U I C I I S  indicating males c m  

assess both of these indicators of female quality within the same amount of time. 

14. The sequences of precopula formation behaviourç were different for successful and 

unsuccesshl simuitaneous assessments and were aIso di fferent from the normal 

be haviour sequences for ( ;. oCeunicirs. 



15. Szxual selection, in the fonn of femalr choice, was evident in  extra females during 

unsuccessful simultaneous assessments in (;. ocCuurcvin. where extra fernales 

sornetimes kicked to escape from the male's grasp. The original females in 

unsuccessful simultaneous assessments and the extra and onginal kmales in 

succcsstÙl sirnultanrous assessments remained passive. which is ais0 ü. form of 

fernale choict.. 

16. There were no si~mitïcant diferences in the average times fominy suc~cssful or 

unsuccessful prrcopulas brrween stage I egg manipulation tkmales and stayr: 4 rgs 

manipulation females. This indicated that stayr 1 females wth stage J eggs 

transplantcd were as attractive as stage 4 fernales with eggs rernovcd in (;. ~ ~ L W ~ L ~ U S .  

17. G. ocbrumczrs males chose femaics based on othrr factors than just brood pouch 

contents whrn  dctermining fernale qualit),. 

18. The scquencc of successful and unsuccrssful precopula tonnation behaviours with 

egg manipulation fernales differed from rhr sequences of normal (;. O L ~ L ' ~ M L * I I . S .  This 

indicatcd that the male must use a different sequence to properly determm the 

fernale's qualit- becausr of the contlicting informaiion of the brood pouch contents 

and other factors. 

19. Srxual selection, in the fom of fernale choice, was present in the (;. owunrcirs egg 

manipulation tèmalrs. 
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