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Summary. Brine shrimp ( A r t e m i a  salina) males and fe- 
males entered precopula assortatively by size in the labo- 
ratory; large males also had a pairing advantage over 
smaller males. We investigated the causes of such non- 
random pairing to test hypotheses on size-assortative 
mating. 

We found precopulatory biases with respect to male 
size in the absence of direct competition among males 
(which produces pairing biases in other species). Large 
males encountered females significantly more often than 
did small males. Similarly, large females encountered 
males more often than did small females, but showed 
less 'willingness' than small females to enter precopula 
when housed with small males. Consequently, large fe- 
males took longer than small females to enter precopula 
with small males. Although large males entered precopu- 
la readily with small females, such size-mismatched pairs 
appeared short-lived. 

We conclude that non-random pairing by size in A. 
salina is determined by several factors including: en- 
counter rates between males and females of different 
sizes, female behavior, and time following initial pair 
formation. Our results are likely applicable to other spe- 
cies and can help explain variation for selection on size 
or other traits. 

Key words: A r t e m i a  salina - Size advantage - Size-assor- 
tative pairing - Encounter rates - Reproductive success 

Evolutionary biologists are interested in patterns of non- 
random mating within animal and plant populations be- 
cause such patterns can result in evolutionary change 
(Fisher 1958). One of the most common patterns of non- 
random mating in animal populations is a large male 
mating advantage (Partridge and Halliday 1984). Large 
male mating advantages often occur because male com- 
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petitiveness for access to mates increases with male size 
and age (Cox and LeBoeuf 1977; Thornhill and Alcock 
1983) or because females show mating preferences for 
large males (Howard 1981; Downhower and Brown 
1981). 

Large males from populations that show size-assorta- 
rive mating often have a mating advantage over their 
smaller rivals (Crespi 1989). In natural populations, 
large male mating advantages should act to remove ge- 
netic variation for male size (Simmons 1987), male 
growth rates, timing of onset of male reproduction, or 
all of the above. In contrast, size-assortative mating may 
act to maintain such genetic variation (Fisher 1958). 
Thus, the occurrence and relative strength of a large 
male mating advantage versus size-assortative mating 
can determine the extent to which there is strong selec- 
tion on male size (or other traits) in natural populations. 

Hypotheses on size-assortative mating often invoke 
behavioral determinants such as active male choice of 
large mates coupled with a large male competitive ad- 
vantage (Ridley 1983), a large male mating advantage 
coupled with greater availability of large females (Crespi 
1989), or spatial and temporal overlap between males 
and females of similar sizes mediated by size-constrained 
choice of habitat (Christy 1983). Other hypotheses sug- 
gest that size-mismatched pairs are unlikely to form be- 
cause small males cannot (effectively) court or mate large 
females, or because small males cannot (afford the ener- 
gy required to) guard or carry large mates (Alcock and 
Gwynne 1987; Adams and Greenwood 1983, 1987; but 
see Ward 1988). 

By knowing the causes of non-random mating pat- 
terns, researchers can predict the impact of environmen- 
tal change on the direction and strength of selection 
for size (or other traits) in natural populations. An ex- 
ample will help to illustrate this point. If small males 
choose small females because of energetic or mating con- 
straints imposed on them, then increased availability of 
large females should have little effect on the occurrence 
or strength of size-assortative mating (Crespi 1989). In 
contrast, if small males can guard or carry large females 
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a n d  benef i t  by  do ing  so (by  ga in ing  grea ter  pa te rn i ty ) ,  
then  increased  ava i lab i l i ty  o f  large females  shou ld  d a m p -  
en pa t t e rn s  o f  s ize-assor ta t ive  pa i r ing  (assuming  female  
ma te  choice  is weak) .  

In  this s tudy,  we de t e rmined  whe the r  a large male  
pa i r ing  a d v a n t a g e  and  s ize-assor ta t ive  pa i r i ng  occur  in 
l a b o r a t o r y - r e a r e d  br ine  shr imp,  Artemia salina (Crus ta -  
cea:  Anos t r aca ) .  We then  de t e rmined  whe the r  t ime to 
enter  p r e c o p u l a  d e p e n d e d  on  the sizes o f  males  and  fe- 
males  h o u s e d  together ,  encoun te r  rates  o f  smal l  versus 
large ind iv idua ls ,  a n d  female  responses  to encoun te r s  
wi th  males .  We also examined  whe the r  egg n u m b e r  co- 
va r i ed  wi th  female  size to de te rmine  whe the r  males  
migh t  benef i t  f r om ente r ing  p r e c o p u l a  wi th  large fe- 
males.  F ina l ly ,  we examined  whe the r  s i ze -mismatched  
ind iv idua l s  f o r m e d  s table  pairs .  We discuss our  results  
in r e l a t ion  to hypo theses  on  assor ta t ive  m a t i n g  and  wi th  
respect  to va r i a t i on  for  select ion on  size or  o the r  t rai ts .  

Study species 

Brine sh r imp (A. salina) are  b r a n c h i o p o d  c rus taceans  
which  c o m m o n l y  live in h igh ly  saline, t e m p o r a r y  envi-  
r o n m e n t s  unsu i t ab le  for  fish p reda to r s .  A. salina is dis- 
t r i bu ted  wor ldwide ;  b o t h  pa r thenogene t i c  and  sexual  
races  have  been  descr ibed  (Browne  1982). F o r  sexual  
races, sexes are  d imorph ic .  Females  are  longer  than  
males  (see below) whereas  males  have en la rged  second-  
a ry  an tennae .  These  a n t e n n a e  are  used  to clasp oviger-  
ous females  at  the j u n c t i o n  o f  the las t  t ho rac i c  segment  
and  the a b d o m i n a l  t r u n k  where  the  base  o f  the  ovisac  
is l oca t ed  ( L o c h h e a d  1950). Ma le s  will  r ema in  in preco-  
pu l a  wi th  females  for  I to several  days  before  the female  
mol t s ;  c o p u l a t i o n  wi th  the a t t e n d a n t  male  occurs  af ter  
mo l t  o f  the female  ( L o c h h e a d  1950). Bo th  sexes can  live 
up  to three  m o n t h s  in l a b o r a t o r y  cul tures  under  condi -  
t ions  o f  h igh  food  (Browne  1982); over  this t ime per iod ,  
females have,  on  average,  a p p r o x i m a t e l y  nine b r o o d s  
(Browne  1982). 

Methods 

Culture o f  A. saIina 

A. salina can be reared easily in the laboratory from the San Fran- 
cisco strain of desiccation-resistant eggs (available from most 
aquaria suppliers). In early January 1990, 50 nauplii (free-swim- 
ming larvae) of A. salina hatched from eggs were added to two 
19-L tanks filled with artificial sea water (Aquarium Systems Inc. 
Canada). Water temperature was maintained at 26__ 2 ~ C and pho- 
toperiod (florescent lighting) was 10:14 h; L:D. The tanks were 
inoculated once with a mixed culture of green algae (Ankistrodes- 
mus spp., principally A. convolutus) to provide food. In addition, 
we added a small amount of dried Brewers' yeast to tanks every 
other day to provide other food. Water was aerated and circulated 
throughout tanks by air supplied through polyethylene tubing and 
air stones. A second and third culture of A. salina was founded 
(as described above) in single tanks in October 1990 and July 1991. 

Animals from the first culture were used to examine whether 
a large mate pairing advantage existed for A. salina and whether 
time to enter precopula was contingent on sizes of males and fe- 

males housed together as pairs. Animals from the second culture 
were sampled to determine whether assortative pairing by size oc- 
curred for A. salina. Males and females from the last culture were 
used in experiments to determine the causes of non-random pairing 
by size in this species. 

Experiments and observations on precopula in A. salina 

Precopulatory pairs of A. salina collected from the first culture 
were separated into single males and females by gently forcing 
each pair through a large eyedropper into a petri dish (height= 
15 mm, diameter = 100 ram) filled with artificial sea water. Individ- 
uals collected in this way were known to be sexually active because 
they were paired upon collection. Upon separation, animals were 
transferred to another dish within which ca. 0.4-0.8 g of Alka- 
Seltzer (Miles Canada Inc.) had been dissolved in seawater to pro- 
vide anaesthetic. When individuals stopped moving, they were 
measured from the tip of their head to the tip of their abdominal 
furca using a binocular microscope (power 25 x ) provided with 
an ocular micrometer. Animals were measured to within one ocular 
unit (i.e. 0.04 mm). 

We first determined whether the size of a male influenced his 
probability of entering precopula with either a small or large female 
(i.e., whether there was a large male pairing advantage regardless 
of female size). We used 10 500-mL jars (height= 13.5 cm, diame- 
ter=8 cm) for each ' run '  of this experiment. Each jar was filled 
with 100 mL of artificial sea water and aerated. One small (7- 
9 ram) and one large (10-11 mm) male was placed in each jar; 
30 minutes later, a small (7-9 mm) or large (11-14mm) female 
was added to the jar. We made observations twice daily (at ~ 12: 00 
and 18:00 h) and recorded which male, if either, had successfully 
entered precopula. 

After pairs formed in all jars, another experimental run was 
made. We made 5 runs giving a maximum of 25 replicates for 
each size class of female. However, only 22 and 23 replicates were 
run for jars housing 'small '  and 'large' females, respectively. A 
total of 5 replicates was excluded from the analysis because at 
least one shrimp died during those trials. Each live animal was 
used only once in the above experiment. 

Next, we examined whether time to enter precopula depended 
on the sizes of males and females housed together as pairs. We 
wanted to determine whether pairing biases existed in the absence 
of intrasexual competition (behavioral interactions) between males. 
For this experiment, only one female and one male was added 
to each jar. Both size classes of males and females were used result- 
ing in four possible treatment categories (Table 1). Ten replicates 
per treatment were made, and we checked jars 4 times daily (at 
~08:00, 12:00, 16:00, and 20:00h) to determine when pairs 
formed. [If pairs were found at 08:00 h on the first day, then 
time to pair formation was 0.25 days; if pairs were found at 12:00 
h on the second day, then time to pair formation was 1.5 days, 
etc.]. A trial ended after a pair formed; trials were also concluded 
if no pairs formed after 5 days. As before, animals were only used 
o n c e .  

Finally, we examined whether assortative pairing by size oc- 
curred in laboratory-reared A. salina. If > 10 pairs(which we re- 
garded as a minimum sample size) were present in the second cul- 
ture tank on a given day, then they were removed and separated 
as described above. On 21 Nov. and 5 Dec. 1990, 12 and 16 pairs 
of A. salina were collected, respectively; individuals were then 
measured and transferred to a holding tank. 

Experiments on causes of  non-random pairing in A. salina 

Having found large male pairing advantages and assortative pair- 
ing by size in A. salina (see Results), we investigated the causes 
of such non-random pairing through a series of experiments. First, 
we examined whether male encounter rates with females depended 
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on male size. Both males and females swim upside down nearly 
constantly using paired appendages (known as phyllopodia) locat- 
ed on the venter of  the animal's thorax (Russell-Hunter 1979). 
However, we suspected that large individuals would swim faster 
than small individuals. For each trial of this experiment, we re- 
moved 4-6 pairs of  A. salina from the July culture. Males and 
females were separated by gently prying the male off  the female 
with an 0 insect pin. [We decided against anaesthetizing animals 
(as described above) because some animals died in preliminary 
experiments]. The largest male (7.6-8.8 ram) and the smallest male 
(5.5-7.5 mm) were taken from the 4-6 pairs and housed together 
in a petri dish filled with artificial seawater. 2-4 females were added 
to the dish 5-10 min later. We then recorded the number of  female 
encounters made by males over 10 min. 

Encounters were defined as the focal male touching a female, 
and either swimming away or trying to clasp the female with his 
antennae. Encounters with other males were excluded from totals. 
Only one male was observed at a time. Thus, each trial lasted 
20 min. The order of observation for large and small males was 
reversed from trial to trial, so that large males were observed first 
in half of  the trials. Following a trial, the males and females were 
placed in a holding tank and another 4-6 pairs were selected. 

We next investigated whether female encounter rates with males 
depended on the female's relative size. Relatively small males were 
used exclusively in this and the preceding experiment because large 
males were not available at the time these experiments were con- 
ducted. During previous experiments, we noted that females often 
curled their abdomen rapidly towards their head during encounters 
with males. This rapid abdomen-to-head movement made capture 
of  females by males difficult (pers. obs.). We also investigated 
whether large or small females were more likely to make rapid 
abdomen-to-head movements in response to encounter with males. 

As before, 4-6 pairs of  A. salina were removed from the July 
culture for each trial. The largest female (7.9-10.5 ram) and small- 
est female (7-8.5 ram) from the 4-6 pairs were placed together 
in a petri dish filled with artificial seawater for 5-10 min before 
introducing 2-4 males. The number of male encounters made by 
large and small females was recorded in the same way as the 
number of  female encounters made by males in the previous experi- 
ment. After the trial ended, males were returned to a holding tank. 
Females were killed in 90% ethanol; their ovisacs were dissected 
and their eggs counted. 

Finally, we investigated whether the strength of size-assortative 
pairing depended on time of sampling which would occur if size- 
mismatched pairs formed, but were not long-lived. To address this 
question, we ran two similar experiments. Pairs were removed from 
the July culture, separated and placed as single animals into either 
of two experimental tanks (open plastic tubs: 30 x 18 x 12 cm). For 
one experiment (the daily removal experiment), males and females 
from 48 pairs were used, whereas males and females from 34 pairs 
were used for the second experiment (weekly-removal experiment). 

For the daily-removal experiment, pairs were removed from 
one experimental tub at 16:00-17:00 h each day; males and fe- 
males were separated and measured. This experiment was terminat- 
ed at the end of  7 days by which time 36 new pairs had formed. 
For the weekly-removal experiment, pairs were not removed (from 
the second experimental tub) until after 7 days had elapsed; only 
14 pairs were available at that time. We decided not to measure 
animals before the onset of  each experiment in order to minimize 
handling. 

Statistical analyses 

For categorical data, binomial tests were used (Zar 1984). Where 
possible, parametric tests (paired and unpaired t-tests, analysis of  
variance followed by pairwise Tukey tests, and Pearson correla- 
tions) were used based on restrictions and assumptions outlined 
in Zar (1984) and Wilkinson (1989). Tests are two-tailed and stan- 
dard errors (or S.E.) are reported. 

Results 

Non-random pairing in A. salina 

Overall, female A. salina found in precopula were longer 
than males (Fig. 1). Although small males were found 
in precopula with females, these same males were unlike- 
ly to enter precopula with either small (4 of 22 trials: 
p<0.02,  Binomial test) or large females (3 of 23 trials: 
p < 0.005) when housed with a large male rival. Thus, 
there was a large male pairing advantage in A. salina 
irrespective of female size. 

Males and females housed together as pairs showed 
considerable variation in time to enter precopula. Time 
to formation of precopula was shortest for large males 
and large females, and almost a day longer (/)<0.05) 
for large males and small females. Formation of preco- 
pula between a small male and large female also took 
significantly longer than that between a small male and 
small female (Table J). 
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Fig. 1. Size distributions of females (upper panel) and males (lower 
panel) found in precopula in the first culture. Many of these ani- 
mals were used in experiments described in the text 



Table 1. Average time in days (_+ standard error) for males and 
females to enter precopula depending on sizes of individuals. Small 
males and females were 7-9 mm in this experiment, whereas large 
males were 10-11 mm and large females were 11-14 ram. N refers 
to the number  of trials 

Treatment N Time to 
precopula 

Small male: small female 
Small male: large female 
Large male: small female 
Large male: large female 

10 3.25_+ 0.03 
7 3.97+_0.05 

10 1.43 _+ 0.07 
10 0.45 _+ 0.02 

All means were significantly different at p < 0.05 [Tukey's test, Wil- 
kinson (1989)] 
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Fig. 2. Size of female A. salina plotted in relation to size of males 
with which they were paired on 21 Nov 1990 (open circles) and 
5 Dec 1990 (closed circles) 

Pairs in precopula from the second culture showed 
size assortment (Fig. 2). On 5 Dec., the correlation be- 
tween sizes of males and their female partners was highly 
significant (r=0.74, p<0.005, n=  16); there was also a 
strong trend for assortative pairing by size on 21 Nov. 
(r=0.42, 0.05 <p<0.1 ,  n=  12). 

Causes of non-random pairing in A. salina. 

Encounter rates, female behavior and female fecundity 

Large males encountered females more times (mean = 
13.3 times, S.E.=I.01) than did small males (mean= 
10.3, S.E. = 0.82) when housed together with 2-4 females 
(paired t=2.69, p<0.01). Similarly, large females en- 
countered males more times (mean=2/.4, S.E.=0.97) 
than did small females (mean=17.9, S.E.=1.46). This 
latter result was nearly significant (paired t=  2.09, p = 
0.052). Large females also made significantly more rapid 
abdomen-to-head movements (mean= 5.4, S.E. =0.59) 
than did small females (mean = 2.9, S.E. = 0.42, paired 
t = 2.44, p < 0.001) in response to encounters with rela- 
tively small males. 

217 

We also found a strong correlation (r=0.57, p <  
0.001, n = 38) between the number of eggs a female car- 
ried (mean=22.6, S.E. = 1.75) and female body length 
(mean=8.50, S.E.=0.16). Although these eggs were 
probably already fertilized, they are an indication of the 
size of the subsequent clutch that could have been ferti- 
lized by the attendant male provided he remained in 
precopula with the female until she molted (Lochhead 
1950) 

Time and assortative pairing by size 

We found no assortative pairing by size for animals col- 
lected during the daily-removal experiment ( r= -0 .11 ,  
p > 0.25, Fig. 3 a). Both males and females used in that 
experiment were small relative to animals sampled from 
the second culture [compare size range of males (and 

12 

11 

E 
E 

" - ' 1 0  

_= 

-= 9 
u 

E 
,.= 

E 
E 

v 

~o 

u 

E 
h -  

a 

�9 0 0 0  

7 I I I 
6 .0  6 .5  7 .0  7 .5  

11 

10  

I I 

B.O 8 . 5  9 . 0  

b 

7 I I I I [ I 

6 .0  6 .5  7 .0  7 .5  8 .0  8 .5  9 .0  9 ,5  

Mole l eng th  ( rnm)  

Fig. 3 a, b. Size of female A. salina plotted in relation to size of 
males with which they were paired. In a, pairs were removed from 
the experimental tub each day, or soon after they formed, in  b, 
pairs were not  removed from the tank until after 7 days had elapsed 



218 

females) in Fig. 2 and Fig. 3 a]. Thus, our inability to 
find assortative pairing could have been due to a lack 
of large competitive animals. However, males found in 
precopula during the daily-removal experiment were 
larger (mean=7.gmm, S.E.=0.I0) than single males 
(mean--7.4, S.E.=0.14) remaining at the end of that 
experiment (unpaired t=2.6, p<0.05), indicating that 
size differences among relatively small animals can still 
affect their pairing success. Similarly, females found in 
precopula were larger (mean = 9.0 mm, S.E. = 0.11) than 
single females (mean=8.3 mm, S.E.=0.22) sampled at 
the end of the daily-removal experiment (unpaired t =  
3.3, p<0.01). 

We found strong size-assortative pairing (r = 0.56, p < 
0.05, Fig. 3b) for precopulatory pairs collected during 
the weekly-removal experiment. Animals collected dur- 
ing the weekly-removal experiment were of similar size 
to animals collected during the daily-removal experiment 
[compare size range of males (and females) shown in 
Fig. 3 a and b]. Thus, the size ranges used in the daily- 
removal experiment should have been sufficient to allow 
assortative pairing by size. Yet size-mismatched pairs 
were not present in the weekly-removal experiment. 

Discussion 

Patterns of non-random mating in animal populations 
are important inasmuch as they can identify direction 
of selection for such characters as male and female size, 
growth rates, or timing of onset of reproduction. By 
knowing the causes underlying patterns of non-random 
mating, researchers can predict whether selection should 
be fairly uniform or variable for such traits. Recently, 
Olson et al. (1989) demonstrated variation in the occur- 
rence and strength of size-assortative mating in the west- 
ern toad (Bufo boreas) and other amphibians [see also 
Crespi (1989) for similar findings for arthropod popula- 
tions]. Such spatial and temporal variation indicates that 
mating pattern is neither species-specific nor population- 
specific (Olson et al. 1989; Crespi 1989). 

The causes of non-random mating patterns, therefore, 
may be many, even for single populations. Experiments 
on mate choice or male-male competition with respect 
to male size can indicate whether or not size-assortative 
mating should occur, but can fall short of predicting 
variation in non-random mating patterns if other impor- 
tant variables are not assessed. Studies have not exam- 
ined whether encounter rates between males and females 
of different sizes can account for pairing biases with 
respect to size in the absence of direct male-male compe- 
tition, mate choice, or size-related variation in habitat 
choice, i.e., factors often hypothesized to produce size- 
assortative mating (see citations in the Introduction). 

In this study, we found both a large male pairing 
advantage and assortative pairing by size for laboratory- 
reared A. saIina despite extreme temporal and spatial 
overlap between males and females of various sizes. In 
our first experiments, we demonstrated that small males 
were unlikely to enter precopula with either small or 
large females when housed in the presence of a large 
male rival. This result occurred despite the fact that 

small males could enter precopula with females of both 
sizes (and were, in fact, initially collected in precopula). 

Studies have shown that large males are often favored 
in mate competition either by their ability to win aggres- 
sive encounters with rivals, or by their superior ability 
in attracting, courting, and mating with females (Thorn- 
hill and Alcock 1983; Partridge and HaUiday 1984). 
Some researchers have shown that large males displace 
smaller males from pairs in other species of aquatic crus- 
taceans (e.g., Elwood et al. 1987). During our experi- 
ments, we did not observe any overt forms of male-male 
competition. However on occasion, two males were 
clasped to a single female in culture tanks, where densi- 
ties reached 30-40 animals/litre. We do not know wheth- 
er more subtle forms of male-male competition occur 
in A. salina, but were not observed during our experi- 
ments. However, we do know that direct intrasexual 
competition between males was not required to produce 
non-random pairing by size. 

During this study, large males had higher encounter 
rates with females than did small males. Moreover, large 
females tended to have higher encounter rates with males 
than did small females. These results suggest that large 
males and large females should enter precopula sooner 
than other pair combinations, in the absence of direct 
male-male competition or female choice. We found that 
this was the case. Those same results suggest that large 
females and small males should enter precopula sooner 
than small females and small males. However, large fe- 
males showed less 'willingness' than small females to 
enter precopula, at least when housed with small males. 
In summary, our results suggest that encounter rates 
between males and females of different sizes can account 
for most of the variation in times to enter precopula 
that we observed, and that behavior of large females 
(when housed with small males) can account for the 
unexpected finding that small males and large females 
took longer to enter precopula than any other pair com- 
bination. 

In some species, large males provide more material 
resources than small males to mates (Thornhill and A1- 
cock 1983). Material resources include access to feeding 
or oviposition sites (Thornhill and Alcock 1983), nuptial 
gifts (Simmons and Parker 1989) or even paternal care 
(Downhower and Brown 1981). Male A. salina, however, 
do not defend resources essential for female reproduc- 
tion nor do they provide paternal care. No information 
is currently available as to whether male A. saIina pro- 
vide nutritious offerings in ejaculates, or protect females 
from harassment by mate-searching rivals. Thus, it is 
too early to determine whether females can benefit di- 
rectly from mating with large males. 

Reproductive benefits are predicted by mate choice 
hypotheses. Male mate choice is advantageous if female 
fecundity is size-related as it is in A. salina (this study) 
and other arthropods. Further, males should show mate 
discrimination whenever male investment is substantial 
(Gwynne 1981). Precopulatory guarding for several days 
is probably costly for males in several species of aquatic 
crustaceans. For at least some species such as A. salina, 
time to female molt should dictate the amount of male 
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investment prior  to fertilization. In at least one gammar-  
id, time to female mol t  is believed to be important  in 
determining a male 's  'decis ion '  to enter precopula (Poul- 
ton and Thompson  1987). 

In the final par t  of  our study, we demonstrated that  
strength of assortative pairing depended on when pairs 
were sampled. We showed that  assortative pairing by 
size was not evident if pairs were sampled soon after 
their format ion because size-mismatched pairs were 
present in the collection. Mismatched pairs between 
large males and small females formed much faster than 
large female: small male pairs. Although large males 
paired readily with large or small females, time to pair 
format ion was longer if the female was small. By mating 
with large females, male A. salina should gain greater 
paternity. Yet matings with small females would be ad- 
vantageous if those females were close to molt, or if 
few large females were available. 

When pairs were sampled at the end of 7 days, we 
found strong size-assortative pairing. This latter proto-  
col was quite similar to sampling of  pairs f rom the sec- 
ond culture; animals f rom the second culture also en- 
tered precopula assortatively by size. Thus, our results 
suggest that  time following format ion of  precopula can 
affect the likelihood of  finding size-mismatched pairs. 
These results are important  inasmuch as patterns of  pre- 
copula may  not  reflect eventual patterns of  mating. By 
entering precopula readily with any female, large male 
A. salina can ensure at least some reproductive success 
when large females are not  abundant.  Because pairs 
swim constantly, A. salina males in precopula should 
be afforded opportuni ty  to assess the availability of  
other females and may  simply let go of females that  
provide lower reproductive returns (for time spent 
guarding) than expected f rom other prospective mates. 

In conclusion, our results show that several factors 
interact not only to determine whether size-assortative 
pairing occurs, but also the strength of  such non- random 
patterns. Such variat ion in mating pat tern is likely to 
be present in other crustaceans and has clear implica- 
tions for selection on traits such as body size. 

Acknowledgments. Research was funded by a Natural Sciences and 
Engineering Research Council of Canada (NSERC) operating 
grant to R.L. Baker and by NSERC postgraduate scholarships 
to the senior author. W.D. Brown, I. Robertson, the Arthropod 
Behavior Group at Erindale College, and two anonymous review- 
ers gave many helpful comments and criticisms. S. Goel provided 
technical assistance. 

References 

Adams J, Greenwood PJ (1983) Why are males bigger than females 
in precopula pairs of Gammarus pulex? Behav Ecol Soeiobiol 
13 : 239-241 

Adams J, Greenwood PJ (1987) Loading constraints, sexual selec- 
tion and assortative mating in percarid Crustacea. J Zool Lond 
211 : 35-46 

Alcock J, Gwynne DT (1987) Courtship feeding and mate choice 
in thynnine wasps (Hymenoptera: Tiphiidae). Aust J Zool 
35 : 451-458 

Browne R (1982) The costs of reproduction in Brine Shrimp. Ecolo- 
gy 63:43-47 

Christy JH (1983) Female choice in the resource-defense mating 
system of the sand fiddler crab, Uca pugilator. Behav Ecol So- 
ciobiol 12:169-180 

Cox CR, Le Boeuf BJ (1977) Female incitation of male competi- 
tion: a mechanisms of mate selection. Am Nat 21:197-209 

Crespi BJ (1989) Causes of assortative mating in arthropods. Anita 
Behav 38:980-1000 

Downhower JF, Brown L (1981) The timing of reproduction and 
its behavioral consequences for mottled sculpins, Cottus bairdi. 
In: Alexander RD, Tinkle DW (eds) Natural selection and so- 
cial behavior, pp 78-95 

Elwood R, Gibson J, Neil S (1987) The amorous Gammarus: size 
assortative mating in G. pulex. Anita Behav 35:1-6 

Falconer DS (1989) An introduction to quantitative genetics. John 
Wiley and Sons, New York 

Fisher RA (1958) The genetical theory of natural selection. Dover, 
New York 

Gwynne DT (1981) Sexual difference theory; mormon crickets 
show role reversal in mate choice. Science 213:779-780 

Howard RD (1981) Male age-size distribution and mating success 
in bullfrogs. In: Alexander RD, Tinkle DW (eds) Natural selec- 
tion and social behavior, pp 61-77 

Lochhead JH (1967) Artemia. In: Brown FA (ed) Selected inverte- 
brates. John Wiley and Sons, New York, pp 394-399 

Olson DH, Blaustein AR, O'Hara RK (1986) Mating pattern vari- 
ability among western toad (Bufo boreas) populations. Oecolo- 
gia 70:351-356 

Partridge L, Halliday T (1984) Mating patterns and mate choice. 
In: Krebs JR, Davies NB (eds) Behavioural Ecology: An Evolu- 
tionary Approach. Sinauer Ass., Massachusetts, pp 222-250 

Poulton M J, Thompson DJ (1987) The effects of an Acanthocepha- 
lan parasite Pomphorhynchos laevis on mate choice in Gammar- 
us pulex. Anita Behav 35 : 157~1579 

Ridley M (1983) The explanation of organic diversity: the compar- 
ative method and adaptations for mating. Oxford: Claredon 
Press 

Russel-Hunter WD (1979) A life of invertebrates. MacMillan Pub- 
lishing Co., New York, pp 244-247 

Simmons LW (1987) Competition between larvae of the field crick- 
et, Gryllus bimaculatus (Orthoptera: Gryllidae) and its effects 
on some life-history components of fitness. J Anita Ecol 
56:1015-1027 

Simmons LW, Parker GA (1989) Nuptial feeding in insects: mating 
effort versus paternal effort. Ethology 81:332-343 

Thornhill R, Alcock J (1983) The evolution of insect mating sys- 
tems. Harvard University Press, Cambridge, MA 

Ward PI (1988) Sexual selection, natural selection, and body size 
in Gammaruspulex (Amphipoda). Am Nat 131:348-359 

Wilkinson L (1989) SYSTAT: the system for statistics. Systat Inc 
Evanston, IL 

Zar JH (1984) Biostatistical analyses. Prentice-Hall Inc. Englewood 
Cliffs, NJ 


