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latency show different associations with partial and
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Abstract. In the sand goby, Pomatoschistus minutus, males build nests and provide sole care for the eggs until
hatching. We examined whether male and female courtship before spawning were associated with subsequent
filial cannibalism by the male. Full and partial brood cannibalism showed distinct patterns. Broods that were
later completely cannibalised were smaller, and spawning occurred later than in broods of males that received
continued care. In contrast, brood size was not correlated with the extent of partial brood cannibalism. Instead,
female courtship was negatively associated with partial brood cannibalism, whereas no similar relationship
was found for male courtship. These results are consistent with full and partial brood cannibalism reflecting
different biological mechanisms. Female courtship may provide information about future male care, influence
subsequent male behaviour, or covary with brood or egg quality.
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Introduction

Female choice for good fathers has been demonstrated
in different taxa, including fish (Mpller & Jennions
2001). Males may even provide more care than natural
selection alone would favour if the behaviour confers
additional sexual selection benefits (Pampoulie et
al. 2004, Kvarnemo 2006). Hoelzer (1989) proposed
that epigamic traits could evolve to advertise non-
heritable components of parental quality. However,
it remains unclear whether males should honestly
advertise parental ability (Kokko 1998, Kelly &
Alonzo 2009).
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Filial cannibalism (eating one’s own progeny) by the
caring male is one example in which females may
choose a mate that offers non-heritable direct benefits
by not eating parts of, or the entire, brood. Full brood
cannibalism, i.e. termination of paternal care, and
partial brood cannibalism, where the male continues
to care, are generally regarded as reflecting different
biological mechanisms (Sargent 1992, Manica 2002,
Bose 2022). Males are expected to terminate care if
the reproductive value of the brood is lower than
the cost in terms of future reproductive success
(Sargent 1992). The mechanism behind partial brood
cannibalism is less clear, and several mechanisms,
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such as male condition, reduced risk of spread of
disease, oxygenation of the eggs, and leaving room
for additional eggs may explain the behaviour
(Manica 2002, Bose 2022). Females may seek to
dilute the risk of partial brood cannibalism or reduce
the risk of complete brood loss when small broods
are entirely cannibalised by choosing males that
already guard eggs, a preference that has been found
repeatedly (Lindstrom 2000, Manica 2002). They
may also identify males with low filial cannibalism
through courtship activity (Suk & Choe 2008).

Nest traits can influence female choice and offspring
survival (Jones & Reynolds 1999, Barber et al. 2001,
Suk & Choe 2008); and are often subject to sexual
selection (Svensson & Kvarnemo 2023). They may
therefore confound attempts to relate pre-spawning
behaviour to subsequent paternal care. In the present
study, nest shape was standardised, allowing us to test
whether male and female courtship before spawning
was associated with subsequent filial cannibalism
by the male, and whether such associations differed
between partial and full brood cannibalism.

The eggs laid by a single female over a limited period
are referred to as a clutch, whereas the fertilised eggs
that receive parental care together constitute a brood
(Svensson & Kvarnemo 2023). Females are likely to
respond primarily to their own clutch size, but also to
brood size, for example when spawning in a nest that
already contains eggs. Males, in contrast, provide
care to the brood as a whole, but before spawning
may attend to female body size because it predicts
how many eggs she is likely to add. Thus, females
may be influenced by both clutch size and brood
context, whereas males may be predicted to court in
relation to expected clutch contribution but provide
care in relation to brood size.

The present study aims to identify factors influencing
brood cannibalism, both full and partial, in males
by examining how brood size, timing of spawning,
and courtship behaviour (male and female) relate to
decisions to consume offspring. We hypothesised that
1) smaller broods and delayed spawning increase the
probability of full brood cannibalism, consistent with
termination of care when the reproductive value of
the brood is low; and 2) partial brood cannibalism is
negatively associated with female courtship, either
because female display provides information about
expected brood value or future paternal care, or
because it directly influences male care decisions. We
further explored whether male courtship behaviour
was associated with brood cannibalism and predicted
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a non-directional relationship with partial brood
cannibalism, based on its potential link to male
condition or reproductive effort and the inconsistent
patterns found in previous studies (Svensson et al.
2004, Olsson et al. 2009, Lehtonen 2012).

Material and Methods

The sand goby, Pomatoschistus minutus (Pallas), is a
small, short-lived marine fish. The male alone cares
for the eggs until hatching in a nest he builds by
covering empty bivalve shells with sand and forming
cavities beneath them or among rocks (Kvarnemo
2026). Male courtship is both visual and acoustic,
while females signal spawning interest visually by
darkened eyes and a bobbing movement (Forsgren
1999, Blom et al. 2016). The dark-eye display attracts
male attention, covaries with male nest-building, and
is more commonly shown by females carrying mature
eggs (Olsson et al. 2017, Kvarnemo et al. 2025). Partial
and full brood cannibalism by the caring male are
common (Kvarnemo 2026), with the latter typically
occurring 1.5-2.5 days after spawning (Svensson et al.
2017). In the study area, this species breeds in multiple
brood cycles during a single breeding season, and a
single brood typically contains clutches from several
females (Forsgren 1999, Jones et al. 2001). Females are
batch spawners and normally spawn all their mature
eggs in one male’s nest unless disturbed (Singer et
al. 2006). As in most fishes, clutch size increases with
female body size (Healey 1971).

General experimental procedure

The experiment was conducted in June 2000 at
Tjarno Marine Laboratory, University of Gothenburg
(58°52" N, 11°10" E) on the west coast of Sweden.
Fish were caught with a hand trawl in shallow bays
near the station and kept in 130-L storage aquaria
with a 2 cm layer of sand to burrow in, for at least
36 h before the trial. All aquaria were provided with
running natural seawater at 10-13 °C. The fish were
fed chopped mussel meat (Mytilus edulis), shrimp
(Crangon crangon), and Alaska pollock (Theragra
chalcogramma) daily during storage and every third
day during experiments. The artificial nests were
made from PVC pipe with a diameter of 70 mm, cut
into 25 mm-high rings and covered with a 70 x 70 mm
ceramic tile. The nest opening height was fixed at 14
mm. As part of another study (Svensson & Kvarnemo
2007), nest opening width was manipulated and
set to either 14 or 25 mm (Fig. 1). In addition, two
small (48 + 2 mm), potentially parasitically spawning
males were present in each aquarium. However, nest
opening width did not affect male, female, or sneaker
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Fig. 1. The artificial nests. The nest sites used in this study were constructed from a 25 mm PVC tube (70 mm in diameter), with a
ceramic tile as the roof. The nest opening was 14 mm high (A) and 14 or 25 mm wide (B). Width was manipulated as part of another
study (Svensson & Kvarnemo 2007) but had no effect on the current study.

male behaviour or paternity, and paternity did not
affect filial cannibalism (Svensson & Kvarnemo 2007).

The experiment was conducted in 20-L aquaria. Each
aquarium contained a thin layer of sand (0.15 L), one
artificial nest site, one large male (mean + SD, 63 +
4 mm total length), and a mature female, who was
placed in a net cage to encourage nest-building but
prevent spawning. The female and the cage were
removed as soon as nest-building began.

Before observations began, the two smaller males
were added to each aquarium, creating a male-biased
operational sex ratio. One hour later, a mature female
(63 £+ 6 mm) was added, and observations began.
Behavioural observations continued until spawning
started. Sometimes a female entered the nest and
left without spawning. In those cases, observation
continued. If spawning had not begun within 6 h
(360 min), observation stopped and the fish were
left to spawn unobserved. Because the present study
focused on behaviour before spawning, observation
time was limited to the pre-spawning period and
censored at 360 min in trials where spawning had not
yet started. This differs from Svensson & Kvarnemo
(2007), where observations continued beyond 360
min to record sneaking and paternity-related events

during spawning. If no spawning occurred after two
days, the replicate was removed from the study,
and its observational data were not used. Therefore,
in replicates where spawning occurred during the
observation period, observation time ranged from
five to 326 min, whereas it was 360 min in all replicates
where spawning occurred after observations had
ended. This left us with 40 useful replicates in the
behavioural data.

After spawning, all fish except the nest-holding
male were removed. The area covered by eggs in
each nest was traced onto a transparent plastic sheet.
Brood-guarding males were left to tend their eggs
for nine days, by which time the embryos had visible
eyes. The brood area was then traced again onto a
transparent plastic sheet to determine egg losses. The
absolute brood loss was used as a measure of filial
cannibalism.

Statistical methods

Male and female courtship were scored as present
or absent in the main analyses. This approach was
chosen because observation time varied substantially
among replicates (5-360 min) and observations were
censored at 360 min in trials where spawning had not
yet started. Under these conditions, raw courtship

Table 1. Comparison of brood size and brood cannibalism (area eaten) between replicates in which the female or male showed courtship

display or not, using t-tests.

Independent Dependent Yes No df t P

Female display (yes/no) Brood size 1990 £547 cm? n=11 1798+801cm?n=20 29 071 0.480
Female display (yes/no) Brood cannibalism 2.96 +2.62 cm? n=11 6.47 +5.07 cm?, n =20 29 214 0.041
Male display (yes/no) Brood size 1798+7.00cm* n=25 21.51+7.83cm*n=6 29 1.09 0.290
Male display (yes/no) Brood cannibalism 4.96 + 4.53 cm? n =25 6.32+5.26 cm? n=6 29 0.64 0.530
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Fig. 2. Brood size and brood cannibalism. Scatterplot showing the relationship between original brood size
(cm?) and brood cannibalism (cm?). Open circles (O) indicate broods that were completely cannibalised
(i.e. brood cannibalism equals the initial brood size), whereas filled circles (®) represent broods that were at least
partly retained until the end of the experiment (nine days). Original brood size was not significantly correlated
with partial brood cannibalism. The dotted line shows the least-squares linear fit for broods that were at least
partly retained until the end of the experiment (filled circles only).
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Fig. 3. Kaplan-Meier curves for time to spawning in trials that later ended in full brood cannibalism and in trials
without full brood cannibalism. The y-axis shows the proportion of unmated males after female release. The upper
curve represents trials that later ended in full brood cannibalism, whereas the lower curve represents trials without
full brood cannibalism. Males in trials ending in full brood cannibalism spawned later than those in trials without
full brood cannibalism. Crosses denote censored observations at the end of the 6 h observation period.
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counts were not directly comparable across replicates,
and even display rates in late-spawning pairs were
based on incomplete pre-spawning observations.
Presence/absence therefore provided a conservative
measure that could be scored consistently across all
successful replicates. Associations between binary
yes/no variables were analysed using Fisher’s exact
tests, and effects of continuous predictors on binary
outcomes were analysed using binary logistic
regression. Continuous variables were compared
between trials grouped according to the presence vs.
absence of full brood cannibalism, male courtship,
female courtship, or according to whether spawning
occurred during or after the 6-h observation
period, using independent-samples t-tests. Because
observation time varied from five to 360 min, we
also performed sensitivity analyses based on display
rates (number of displays min™), using Mann-
Whitney U-tests with two-tailed probabilities for
group comparisons and Spearman rank correlations
for associations with brood size or partial brood
cannibalism. Time to spawning in relation to full
brood cannibalism was analysed using Kaplan-Meier
survival analysis with log-rank tests. The association
between brood size and partial brood cannibalism
was analysed using Pearson’s correlation. Levene’s
tests for equality of variances were non-significant
in all cases (all P > 0.05), and equal variances were
assumed. Analyses were performed in SPSS 31.

Results

In summary, we found that female courtship was
negatively associated with partial brood cannibalism,
whereas male display, brood size, and time to
spawning were not. Full brood cannibalism showed
a different pattern: it was unrelated to courtship,
decreased with increasing brood size, and occurred
after later spawning. Thus, partial and full brood
cannibalism followed different patterns.

Full brood cannibalism

On average, broods that were completely cannibalised
were smaller than those that were not (13.1 + 5.4 cm?
vs. 18.7 £ 7.2 cm?, Fig. 2). A binary logistic regression
showed that the probability of full brood cannibalism
decreased with increasing brood area (likelihood-
ratio x2 = 4.77, df = 1, P = 0.029). Furthermore, a
Kaplan-Meier analysis showed that broods that were
completely cannibalised were spawned later than
broods that the males continued to care for (log-rank
test, Mantel-Cox: x2=4.90,df=1, P=0.027). Among the
replicates in which full brood cannibalism occurred,
only two spawnings were observed within the 6 h
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observation period (Fig. 3). However, brood size was
not significantly correlated with time to spawning
(Spearman rank correlation, r, =-0.19, P = 0.24).

Neither female nor male courtship was significantly
more likely to occur in trials that ended in full brood
cannibalism and those in which males continued
brood care. Female display was not observed in four
of nine (44%) trials ending in full brood cannibalism,
compared with 20 of 31 (65%) trials in which males
continued brood care (Fisher’s exact test, P = 0.44).
Similarly, two of nine (22%) males that later
completely cannibalised their broods did not display
towards the female, compared with six of 31 (19%)
males that continued to care for their broods (Fisher’s
exact test, P =1.00). In the sensitivity analyses, female
display rate did not differ between trials ending in
full brood cannibalism and those in which males
continued brood care (Mann-Whitney U = 135.0,
n =40, P = 0.90). Male display rate was numerically
lower in trials ending in full brood cannibalism, but
the difference was not significant (Mann-Whitney
U=90.0,n=40, P=0.11).

Partial brood cannibalism

Among males that retained all or part of the brood
until hatching, those that spawned after the 6 h
observation period did not differ from those that
spawned during the observation period in initial
brood size (16.59 + 8.57 cm? vs. 19.79 + 6.22 cm?
t-test: t = 1.20, df = 29, P = 0.24) or in partial brood
cannibalism (4.58 + 4.16 cm? vs. 558 + 4.94 cm?
t=0.57, df =29, P =0.58).

The occurrence of female courtship was significantly
associated with reduced partial brood cannibalism.
No such association was observed for male courtship
(Table 1). Sensitivity tests confirmed these results
(partial brood cannibalism vs. female display rate,
r,=-0.36, P = 0.048; and male display rate, r_ = 0.03,
P = 0.86). Brood size was not associated with the
occurrence of male or female courtship (Table 1).
These results were also confirmed in the sensitivity
tests (brood size vs. female display rate, r, = 0.12,
P =0.52; and male display rate, r, = -0.21, P = 0.27).
Furthermore, brood size was not correlated with
partial brood cannibalism (Pearson’s r = 0.09, n = 31,
P =0.64; Fig. 2).

Discussion

We found that female courtship was negatively
associated with partial brood cannibalism. This
suggests that females may anticipate future filial
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cannibalism by the male, that female display may
reduce male cannibalism, or that female display is
linked to factors such as brood or egg quality that
in turn affect male cannibalism. In contrast, male
display, brood size, and time to spawning were
not associated with partial brood cannibalism. Full
brood cannibalism showed a different pattern. No
measure of courtship, whether male or female, was
associated with full brood cannibalism. Instead, the
probability of full brood cannibalism decreased with
increasing brood area, and males that later completely
cannibalised their broods spawned later than those
that continued to care for their broods. Thus, as shown
in several previous studies (reviewed in Manica
2002, Bose 2022), partial and full brood cannibalism
appear to follow different patterns and are likely to
involve different biological mechanisms. Because
observations were censored after 6 h, courtship
occurring after the cut-off in late-spawning pairs
was not captured. The observed association between
courtship and subsequent brood cannibalism should
therefore be interpreted with some caution.

Males are expected to terminate care if the brood is
too small (Sargent 1992). Our finding that completely
cannibalised broods were smaller therefore supports
this theoretical prediction and is consistent with
empirical studies across a broad range of fish
species (Manica 2002, Bose 2022). In the Banggai
cardinalfish, Pterapogon kauderni, one component of
female courtship (‘rush’) was correlated with clutch
weight, whereas another (‘twitch’) was associated
with time to spawning (Kolm 2004). It was suggested
that cannibalism of small clutches could help
maintain the honesty of the signal. Consequently,
a less fecund female might be expected to hesitate
before spawning with a non-brooding male, which,
in a no-choice set-up, would be expressed as delayed
spawning. Based on this reasoning, we predicted a
negative correlation between clutch size and time
until spawning. However, no such correlation was
found. Nevertheless, broods that were completely
cannibalised were spawned later, suggesting
hesitation by either the male or the female.

In Kvarnemo et al. (2025), relatively rounder sand
goby females carrying more mature eggs displayed
dark eyes for longer than less round females, and
spawning was more likely in replicates where dark-
eye display was observed. In the present study,
however, male and female display did not differ
significantly with respect to full brood cannibalism.
Another female strategy in species with exclusive
paternal care may be to reduce the risk of full brood
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cannibalism and dilute the risk of partial brood
cannibalism by choosing males that already have
eggs in their nests (Lindstrom 2000, Manica 2002).
Sand goby females have indeed been shown to prefer
males whose nests already contain eggs over males
with empty nests (Forsgren et al. 1996). Surprisingly,
however, when given a choice between nests with
a small or large brood of previously spawned eggs,
females strongly preferred small broods, regardless
of female size and thus fecundity (Norevik Andrén &
Kvarnemo 2014). This result was not well explained
by an upper limit to the optimal number of eggs in
a nest. Instead, Norevik Andrén & Kvarnemo (2014)
suggested that females may avoid being the last to
spawn in a nest, because this may increase the risk of
partial brood cannibalism (Sargent 1992).

Previously, female Pomatoschistus spp. have been
shown to prefer males with low subsequent egg loss
(Forsgren 1997b) and well-built nests, particularly
those with greater sand cover (Kvarnemo et al. 1998,
Jones & Reynolds 1999, Svensson & Kvarnemo 2005),
a trait itself linked to filial cannibalism (Kvarnemo
et al. 1998). Sand goby males also provide better
care for larger broods (Forsgren et al. 1996). Thus, if
highly fecund females courted more intensely, this
could, in principle, explain our result. However,
initial brood size did not covary with male or female
behaviour, arguing against that explanation. In
addition, several cues known to affect female choice
were absent or constrained in our experiment: the sex
ratio was male-biased, only one female was present
in each aquarium, males were provided with artificial
nests, and limited sand prevented nest covering.
Female mate choice in gobies is known to depend
on male courtship (Forsgren 1997a), female-female
competition (Lindstrom & Lehtonen 2013, Heubel
2018), and social context, as females of Rhinogobius
flumineus delay spawning when an additional female
is present (Myint et al. 2011). It therefore remains
unclear which cues females used to predict future
male care, including partial brood cannibalism.

Paternal body condition has been linked to partial,
but not full, brood cannibalism in some fishes
(Kvarnemo et al. 1998, Neff 2003, Manica 2004),
although this pattern is not consistent (Lindstrém
& Sargent 1997, Bjelvenmark & Forsgren 2003,
Lissaker et al. 2003). In sand goby, there is likewise
no consistent evidence that male display signals
male condition. Manipulated condition did not
affect male display, and manipulated display did not
affect male condition (Olsson et al. 2009). Moreover,
males in low condition have been shown to display
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as much as, or more than, those in high condition
(Svensson et al. 2004, Lehtonen 2012). In the present
study, male courtship rate did not predict partial
brood cannibalism, and earlier correlations between
body condition and partial brood cannibalism have
been weak and inconsistent (Svensson et al. 2004,
Lehtonen 2012). Courtship may nevertheless function
as a more condition-sensitive cue than other traits in
some gobies. In R. brunneus, female choice depended
on both male first dorsal fin size and courtship
intensity, but the weighting of these cues varied
with female condition: females initially preferred
males with larger first dorsal fins, whereas poorly
fed females later shifted strongly towards males with
higher courtship activity, and these males had higher
hatching success. This suggests a trade-off between a
relatively stable cue and a more condition-dependent
one (Suk & Choe 2008).

Importantly, the causal relationship may also run in
the opposite direction. Female behaviour may itself
influence male reproductive decisions, or it may
covary with clutch traits that affect male care. For
example, if females with smaller clutches or lower-
quality eggs display less, filial cannibalism could
become correlated with female display even if males
respond only to the eggs they receive in the nest.
Alternatively, males may use female display as a cue
to female reproductive state or clutch value when
making spawning decisions, which could in turn
affect subsequent care. Examples of such effects are
known from birds. In blue tits, Cyanistes caeruleus, and
great tits, Parus major, female nest-building behaviour
can influence male parental effort (Mainwaring
2017). Furthermore, in the pied flycatcher, Ficedula
hypoleuca, males responded to an experimentally
increased female begging display with increased
incubation feeding (Cantarero et al. 2014). Related
mechanisms may also occur in teleosts. In the three-
spined stickleback, Gasterosteus aculeatus, males
provide exclusive paternal care. Female exposure to
high predation risk has negative consequences for
offspring (McGhee et al. 2012, Roche et al. 2012), and
males courted predator-exposed females less and
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later provided less paternal care to their offspring
(McGhee et al. 2015).

In conclusion, partial and full brood cannibalismin the
sand goby were associated with distinct behavioural
correlates. Female courtship was linked to reduced
partial brood cannibalism, whereas full brood
cannibalism was associated with smaller broods and
delayed spawning. These results suggest that partial
and full brood cannibalism reflect different biological
mechanisms, and that female courtship may either
provide information about future male care or
influence subsequent male behaviour.
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