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Do three-spined sticklebacks group with kin?
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We studied the kin structure in schools of juvenile three-spined sticklebacks
(Gasterosteus aculeatus) using allozymes as genetic markers. Young of the three-spined
stickleback stay in their natal nest for several days after hatching. They thus have an
opportunity to associate with kin when leaving the nest for independent life. Juveniles
have also been shown to preferentially associate with kin in laboratory conditions, and
furthermore, schools of free-ranging juveniles are size-assorted, all suggesting that
schools might consist of relatives in the wild. However, our data show no close relatedness
among individuals within the schools, indicating that school members are a random
sample from the genetic pool of the population. The result therefore suggests that,
despite young sticklebacks’ apparent opportunity to group with kin, their school forma-

tion in the wild is not tightly linked with genetic relatedness.

1. Introduction

There are various costs and benefits of group life
potentially affecting individual fitness (Alexan-
der 1974, Bertram 1978, Clark & Mangel 1984,
Pulliam & Caraco 1984, Magurran 1990, Pitcher
& Parrish 1993). The direct costs and benefits may
not be shared equally among the group members,
some individuals benefiting more while others
being prone to pay more costs, thus faring less
well in direct fitness terms (Pusey & Packer 1997).
For example, in groups of fish the behaviour of
some individuals, such as predator inspection, may
increase their mortality risk (e.g., Milinski et al.
1997). The others staying behind may still share

the benefits of inspection with less costs (Pitcher
& Parrish 1993). According to Hamilton’s rule,
selection favours animals that perform acts for
which

rxb-c>0 (D)

where r stands for relatedness, b is the benefit
received by the recipient of an act (ultimately in
terms of increased direct reproduction), and c is
the cost paid by the actor (in terms of decreased
direct reproduction) (Hamilton 1964). Accord-
ingly, in social groups consisting of kin, costly
acts, in terms of an individual’s direct fitness, may
yet be favoured through kin selection.

There is evidence from a number of fish spe-



22 Peuhkuri & Seppd

cies that individuals can discriminate kin (e.g.,
Quinn & Busack 1985, Olsén 1989, FitzGerald &
Morrissette 1992, Brown & Brown 1993, Brown
et al. 1993, Olsén et al. 1996) and often prefer to
associate with them (e.g., Olsén 1989, Quinn &
Hara 1986, FitzGerald & Morrissette 1992). Still,
only a few studies have considered the genetic struc-
ture in groups of fish — the most common inter-
pretation being that individuals do not associate
with relatives (Avise & Shapiro 1986, Dowling &
Moore 1986, Naish ef al. 1993, but see Ferguson
& Noakes 1981). But, owing to varying life-his-
tory traits among different fish species (Wootton
1991), it is possible that individuals of some spe-
cies have better opportunities to associate with their
kin than others. Parental care, for example, allows
closely related young fish to remain together dur-
ing the guarding phase. An opportunity for kin-
group formation thus arises and may persist also
through later stages. However, no studies investi-
gating the genetic structure of schools in a species
with parental care are available.

Here we studied whether juvenile schools of
the three-spined stickleback (Gasterosteus acule-
atus) consist of kin originating from the same nest.
In the three-spined stickleback, the male cares for
eggs and fry during the first days after their hatch-
ing (Whoriskey & FitzGerald 1994). Since the
number of parents contributing to the progeny of
each nest seems relatively low (Rico et al. 1991,
1992), the young in the nest are expected to be
closely related (see below). If the young stay to-
gether after they leave the guarding male for inde-
pendent life, also members of the juvenile schools
are expected to be related. Two lines of evidence
support this expectation. First, three-spined stick-
leback young appear to preferentially associate with
their kin in laboratory conditions (Van Havre &
FitzGerald 1988, FitzGerald & Morrissette 1992),
and may do the same also in the wild. Second,
schools of juvenile three-spined sticklebacks are
size-assorted in the wild (Peuhkuri et al. 1997).
Although differences in foraging ability and/or in
predation risk could account for size-assortative
schooling (e.g., Ranta et al. 1994), the similarity in
individual body size within schools could also re-
sult from juvenile schools being groups of kin from
the same nest.

ANN. ZOOL. FENNICI Vol. 35

2. Material and methods

2.1. Sampling

We captured with a sweep net 24 schools of three-
spined stickleback juveniles from shallow littoral
areas of the Baltic Sea near Tvirminne Zoological
Station, Southern Finland. When collecting the
schools, we made sure that only clearly separate
schools were caught. The number of individuals
within the schools ranged from six to 50. The fish
were stored in — 80°C until the allozyme analysis.

2.2. Electrophoresis

We analysed either all individuals or, in the larg-
est schools, up to 30 individuals with horizontal
starch gel electrophoresis. In total, 397 individu-
als were analysed, an average number from each
group being 15 (range: 6-30). We screened a to-
tal of 23 enzyme systems using standard staining
methods (Harris & Hopkinson 1976). Fifteen loci
could be reliably scored. Of these, eight were
polymorphic, and were used to estimate genetic
parameters (see Table 1 for the loci studied and
buffers used).

2.3. Kin structure of the schools

Genetic relatedness is a standard method for de-
scribing genetic colony structure of haplo-diploid
social insects (e.g., Crozier & Pamilo 1996), but
it is perfectly applicable for group-living diploid
organisms as well (e.g., Avise & Shapiro 1986,
Costa & Ross 1993). Relatedness can be defined
as the genotypic similarity among interactants in
a local environment using the population as a ref-
erence (Pamilo & Crozier 1982, Pamilo 1989).
The local environment in our case is the social
group (fish school), and the interactants are mem-
bers of this group.

We estimated relatedness (r) from the geno-
type frequency data following Queller & Goodnight
(1989) using software Relatedness 4.2 (Goodnight
& Queller 1994). We also estimated the mating
structure of the population (panmixis) using the
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inbreeding coefficient F, which estimates the de-
viation of the observed heterozygosity (H,) from
the expected one (Hj) according to the Hardy-
Weinberg formula:

F=(1-H,/Hy) )

(Wright 1951). Standard errors for single locus
estimates were obtained by jackknifing over
groups, and those for population estimates were
obtained by jackknifing over groups and loci
(Efron & Tibshirani 1993). For the relatedness
estimates the standard errors were used to calcu-
late 95% confidence interval of the mean. Confi-
dence interval was used to make statistical infer-
ence on the relatedness within the groups, i.e.,
whether relatedness deviates from the expected
value, r = 0.25 (see below), as well as whether it
deviates from zero indicating no relatedness at all.
With inbreeding estimates the standard errors were
used to test with #-test the deviation of the ob-
tained values from the expected one, F = 0 (total
panmixis).

When groups of diploid organisms belong to
the same generation, and mating in the popula-
tion is random, the genetic relatedness within the
group (7) is determined by the number of females
(P) and males (M) contributing to this group, and
relatedness among them (rP and rM, respectively):

025 P P-1 025 rM_ M-1
r=——q4-—X + +—x
P 4P M 4 M

3)
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(Queller 1993). The numbers of females and males
here refer to genetically effective numbers, which
assume equal reproduction by each mother and
father.

In the three-spined stickleback, the nest owner
fathers a majority of the young, although some eggs
may be fertilized by sneaker males (Goldschmidt
etal. 1992, Rico et al. 1992). Several females may
lay eggs in a single nest (e.g., Kedney ez al. 1987).
However, the genetic data available revealed that
usually not more than two females mothered the
offspring in a single nest, and, even more impor-
tantly, the contribution of the second (or third) fe-
male was very low (Rico et al. 1991, 1992). We
can thus assume that the effective number of both
females and males contributing to each nest is two.
Furthermore, we can assume the parents to be unre-
lated because the population is panmictic (see Re-
sults). If we substitute P=M =2 and rP=rM =01in
Eq. 3, the expected relatedness among the progeny
of a single nest is r = 0.25. So, if the young associ-
ated with their nest mates when leaving the guard-
ing male and forming schools, members of the school
would be related by at least r = 0.25.

3. Results

Although the mean number of alleles observed in
the polymorphic loci was fairly high (3), the amount

Table 1. The enzymes and loci studied, Enzyme Commission (E.C.) numbers and buffers used in each locus.

Enzyme Locus E.C. Buffer
Lactate dehydrogenase LDH* 1.1.1.27 1]
Isocitrate dehydrogenase IDH* 1.1.1.42 |
Phosphoglucomutase PGM-1* 2.7.51 I
PGM-2*
Esterase" EST* 3.1.1.1 Il
Peptidase? PEP* 3.4.** |
Aconitase ACO* 4213 I
Phosphoglucose isomerase PGI* 5.3.1.9 |

" 4-methylumbelliferryl acetate as substrate, ? glycyl-L-leucine as substrate.
Buffers: (I) Gel: 42.9 mmol I'' TRIS, 4.2 mmol I citrate, pH 8.4;
Tray: 135 mmol I-' TRIS, 42.9 mmol I' citrate, pH 7.1 (Varvio-Aho & Pamilo 1980).
(I) Gel: 9 mmol I TRIS, 3 mmol I' citrate, 1.2 mmol I EDTA, pH 7;
Tray: 135 mmol I' TRIS, 44.5 mmol I-' citrate, 1.2 mmol I-" EDTA, pH 7 (Ayala et al. 1974).
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of variation was generally low (Table 2), but well
within the range observed in other studies on the
three-spined stickleback (Buth & Haglund 1994).
Only three loci had a frequency of the most com-
mon allele lower than 0.95 (Table 2). In the esti-
mation of inbreeding and relatedness, however,
the loci are weighted according to their informa-
tion content, and the more inaccurate single locus
estimates of the less polymorphic loci get less
weight when the population averages are calcu-
lated (Queller & Goodnight 1989).

With one exception (IDH*), the 95% confi-
dence intervals of single locus estimates of
relatedness included the zero value (Fig. 1) indi-
cating no or very low relatedness within the

Table 2. Allele frequencies at eight allozyme loci in
the study population of the three-spined stickleback.
The frequencies were calculated weighting schools
equally.

Allele

Locus a b c d
LDH* 0.995 0.004 0.001 -
IDH* 0.991 0.007 0.002 -
PGM-1* 0.981 0.009 0.009 0.002
PGM-2* 0.571 0.429 - -
EST* 0.934 0.060 0.001 0.005
PEP* 0.893 0.107 - -
ACO* 0.990 0.006 0.004 -
PGI* 0.964 0.035 0.001 -
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schools. The confidence intervals of the three most
informative loci (PEP*, EST*, PGM-2%*) were,
however, quite wide. Especially with est, the ac-
curacy of the estimate is not very high, the confi-
dence interval including both zero and the ex-
pected value of r = 0.25 (Fig. 1). Nevertheless,
with both PEP* and PGM-2* the upper 95% limit
was clearly lower than the expected value of 0.25.
In IDH* the entire confidence interval was below
the zero value, which presumably is due to the
low polymorphism of the locus and thus its sus-
ceptibility to chance effects. Finally, the upper
confidence limits of the population estimates
(when S.E.’s jackknifed over both loci and groups)
were clearly lower than 0.25. However, the inter-
vals did not include the zero value, either (Fig. 1).

All single locus estimates of inbreeding were
close to zero (in the three cases where the esti-
mate differed from zero, it was significantly lower
than zero; Table 3). Accordingly, the population
average equalled zero indicating random mating
in our study population (Table 3).

4. Discussion

We hypothesised that schools of juvenile three-
spined sticklebacks might consist of close relatives
originating from the same nest. When the expected
number of parents per nest is four or less (see Rico
etal. 1991, 1992), it is reasonable to assume that
individuals from the same nest are related to each

Table 3. Single locus and population estimates of inbreeding (F £ S.E.). N refers to the number of individuals
sampled for each locus. The S.E.’s of the population estimates are shown when jackknifed both over loci (first
row) and groups (second row). Test statistics for the deviation of the inbreeding estimates from the expected

value (F = 0) are from t-tests.

Locus N F df t p
LDH* 397 —0.003 £ 0.002 23 1.5 n.s.
IDH* 397 —0.007 £ 0.002 23 3.5 < 0.001
PGM-1* 396 —0.012+£0.005 23 2.4 <0.05
PGM-2* 334 0.103 £ 0.068 23 1.5 n.s.
EST* 394 0.131 £ 0.095 23 1.4 n.s.
PEP* 343 —-0.101 £0.033 23 3.1 <0.01
ACO* 390 —0.006 + 0.006 23 1.0 n.s.
PGI* 396 0.013£0.049 23 0.3 n.s.
Population 397 0.055 + 0.048 7 1.1 n.s.
0.055 £ 0.045 23 1.2 n.s.
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other about as much as half sibs are. If sticklebacks
associated with their nest mates when forming
schools, similar levels of relatedness should also
be found in the schools. Furthermore, if indivi-
duals discriminated between sibs and less related
individuals (FitzGerald & Morrissette 1992),
relatedness in a school could even be higher.

Our results show that members of the schools
are less related than expected based on the as-
sumptions above. In fact, the single locus esti-
mates suggested very low or no relatedness at all
among school mates. Furthermore, our expected
relatedness, » = 0.25, was a conservative mini-
mum estimate for relatedness within schools, be-
cause the above value was based on no reproduc-
tive skew among reproducing females and males.
Skew is high in both sexes in the three-spined
stickleback (Kedney et al. 1987, Rico et al. 1991,
1992, Goldschmidt et al. 1992), and in practise
the expected relatedness would probably be closer
to the full sibling value r = 0.5. So, despite the
apparent opportunity of the young sticklebacks
to stay with their close kin when forming schools,
our results suggest that on average schools of stick-
leback juveniles are random samples from the
genetic pool of the study population.

Since we only collected discrete schools, the
lack of close relatedness within schools of young
sticklebacks can not be due to collecting individu-
als from more than one school at time (e.g., Naish
et al. 1993). There are alternative explanations,
however. For instance predation might prevent
longer existence of schools consisting of close kin.
Our study area in the Baltic littoral is rich of
piscivorous predators, both birds and fish. An at-
tack by a predator may lead to a momentary scat-
tering of the group members (Pitcher & Parrish
1993) and thus cause some individuals to sepa-
rate from their original school and later on join
another one. Therefore, even if individuals showed
preference to associate with their kin in the first
place, the above mechanism could readily lead to
mixed schools of stickleback juveniles in the long
run, especially if individuals have low probabil-
ity to re-encounter after having been separated
from each other. Young sticklebacks in the study
population of Van Havre and FitzGerald (1988)
and FitzGerald and Morrissette (1992) spend their
first months in their natal tide pool. In such a habi-
tat, individuals presumably have more opportu-
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PGI* i X
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T
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Relatedness, r

Fig. 1. Single locus and population estimates of
relatedness (1) with their 95% confidence intervals. The
confidence intervals of population estimates are shown
with S.E.’s jackknifed both over loci (I) and groups (g).
The dashed vertical lines indicate no relatedness, r=
0, and expected relatedness, r=0.25, respectively.

nities to re-encounter kin than in the more wide
and open sea littoral of our study area. The preda-
tion level in the pools may also be lower owing to
the absence of other fish predators than stickle-
backs from them (FitzGerald & Morrissette 1992).

Close relatives might also avoid forming
aggregations with each other under certain eco-
logical conditions (Giraldeau & Caraco 1993). For
example, food limitation may result in severe
within-group competition (Pulliam & Caraco
1984) and therefore grouping with non-relatives
might be favoured. Furthermore, the lack of
relatedness in stickleback schools could also fol-
low from individuals not discriminating between
kin and non-kin, schooling behaviour better re-
flecting the direct fitness benefits (Pitcher &
Parrish 1993) rather than the kin-selected inclu-
sive fitness benefits (Hamilton 1964). This is sup-
ported by the fact that juvenile stickleback schools
in our study population are size-assorted (Peuhkuri
et al. 1997), but not kin-structured. However,
young sticklebacks were shown to prefer the com-
pany of their kin in laboratory studies by Van
Havre and FitzGerald (1988) and FitzGerald and
Morrissette (1992), suggesting that kin recogni-
tion occurs. At present, no data are available on
kin recognition of sticklebacks from our study
population, or any other population than the one
studied by Van Havre and FitzGerald (1988) and
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FitzGerald and Morrissette (1992). Therefore, kin
recognition in the three-spined stickleback de-
serves further investigation in differing ecologi-
cal contexts.
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