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Abstract
Variation in female mating performance can affect the direction and rate of evolution through sexual selection. The social 
environment determines the availability of mates and the competitive situation, and hence can influence mating strategies. 
However, these effects have to be considered within time constraints. Here we show that female sand gobies exposed to same-
sex competitors (female-biased adult sex ratio, ASR) for a week before having physical access to males (i.e., a delayed male 
access; referred as prior exposure treatment) were more actively associated with the preferred male and took faster spawn-
ing decisions. However, these females mated more frequently with males with traits that did not ensure high egg survival. 
On the other extreme, females exposed to low same sex competition (male-biased ASR) simultaneously to the mate choice 
(i.e., an immediate access to males; referred as simultaneous exposure treatment) took more time to make their spawning 
decision. They also associated and spawned more often with males with good parental skills (i.e., males exhibiting more egg 
fanning behaviour). These male traits are associated with higher survival and better development of eggs. Our results pro-
vide experimental support for a trade-off between mate choice accuracy and speed, which depended on mating competition.
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Introduction

Variation in mating behaviour can affect evolution through 
sexual selection (Jennions and Petrie 1997), which depends 
on intersexual choice and intrasexual competition (Darwin 
1871; Andersson 1994). In many species, changes in the 
social environment, i.e., availability of mates and competi-
tors for those mates, can occur quickly in space and time 
(Forsgren et al. 2004; Ogburn et al. 2014), and lead to dif-
ferent behavioural responses (Kokko and Rankin 2006; Ah-
King and Gowaty 2016). Studies on the context-dependency 
of female mate choice have focused on either preference 
for male traits or the time constraints for female mate sam-
pling, but the combination of both are seldom considered 

(Lindström and Lehtonen 2013; Breedveld and Fitze 2015; 
Henshaw 2018), despite the acknowledged importance of 
time responses in mate choice (Jennions and Petrie 1997; 
Castellano et al. 2012; Edward 2015).

Our still limited knowledge on how females and males 
make their mating decisions, would be enhanced by incor-
porating time constraints into the widely studied context-
dependency of female mating decisions (Castellano et al. 
2012). Females obtain clear benefits from mating with high 
quality males that offer higher fitness to the female and/
or the offspring (Reynolds and Gross 1990). Search cost 
in females include increased energy and time expendi-
ture, increase predation risk and loss of mating opportu-
nities while mate sampling (Forsgren 1997a). Time is an 
important component in mate choice, because a female can 
spend longer time assessing mate quality, but this gather-
ing of information comes at the cost of reduced lifetime 
reproductive success (i.e., missing mating opportunities; 
Sullivan 1994; Henshaw 2018). Thus, time constraints in 
mate choice, as in many animal decision making situations, 
can result in a speed-accuracy trade-off (Wickelgren 1977; 
Chittka et al. 2009). According to such a trade-off, accu-
racy could be gained by investing longer time in taking the 
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decision and faster decisions would imply more errors or 
lower value rewards (Pirrone et al. 2014). Speed-accuracy 
trade-offs could also play a role in the context of mate choice 
and possibly result in a weakened relationship between mate 
choice traits and fitness.

Here we studied how the interplay between competition 
for mates and delayed access to mates (i.e., the duration of 
time before a female was allowed physical access to males) 
affected female choice in the sand goby, Pomatoschistus 
minutus, a small sexually dimorphic fish with parental 
care. Sand goby females prefer males with good parental 
skills (Forsgren 1997a; Lindström et al. 2006). An earlier 
study showed female sand gobies made faster mating deci-
sions when the access to mates was delayed, i.e., the cost 
of mate sampling was increased (Lindström and Lehtonen, 
2013). However, the accuracy of the mating decision was 
not assessed.

In the current study, we manipulated the adult sex ratio 
(ASR) and the timing of the access to mates to evaluate their 
effect on female mate choice performance. ASR refers here 
to the ratio of adult males to females, which drives variation 
in the ratio of sexually active males to receptive females 
(Emlen and Oring 1977). We exposed females to either a 
male or female biased ASR. The period of exposure to the 
ASR was either simultaneous to the mate access or for one 
week prior to the access to mates. Therefore, the timing of 
the access to mates was either immediate or delayed relative 
to the first mate encounter. We categorised males accord-
ing to their size and success in male-male competition for 
nests before the mate choice test, and mating success and 
parental care after the mate choice test. We evaluated female 
choice towards these male attractive traits in the different 
scenarios. We expected females to take faster decisions when 
the cost of mating, in terms of reduced future chances of 
reproductive success was high. This would occur at high 
female competition (female-biased ASR) and/or when the 
access to mates was delayed by exposing females to the ASR 
1 week prior the mating opportunity. Faster mating decision 
could lead to a speed-accuracy trade-off, a loss of preference 
or a shift in male traits preferred.

Materials and methods

Study area

This study was carried out at Tvärminne Zoological Sta-
tion, Southern Finland during the sand goby breeding sea-
son (May–July) in 2007. Fish were collected from a natural 
breeding area by hand trawl and by hand netting individuals 
from previously provided artificial nests. Fish were housed 
in separate-sex holding tanks prior to the experiment. Fish 
were fed ad libitum with live Mysis and frozen chironomid 

larvae. At the end of the experiment all fish were released 
back to where they were caught.

Adult sex ratio and timing of mate access

The social context experienced by the focal females was 
modified by two factors: the adult sex ratio (ASR, female-
biased vs. male-biased) and the timing of exposure to the 
ASR (prior vs. simultaneous exposure periods) relative to 
the physical access to the mate resulting in a 2 × 2 factorial 
design (Fig. 1). Total sample size was N = 78 focal females, 
but it was not perfectly balanced among treatments (female-
biased prior encounter: N = 19, female-biased simultaneous 
encounter: N = 20, male-biased prior encounter: N = 19, 
and male-biased simultaneous encounter: N = 20). The total 
number of focal males was 156. The female-biased ASR 
consisted of two males and four females (the focal and three 
stimulus females), while the male-biased ASR treatment 
consisted of four males and two females (the focal and one 
stimulus female; Fig. 1b). The female-biased ASR thus rep-
resented higher same-sex competition for the focal female 
and a cost in terms of limited mating opportunities. Stimulus 
fish were additional fish needed for the different ASR (males 
and females) and were used only once before being released 
back to sea. Thus, stimulus fish were not used as focal or 
again as stimulus fish in later replicates. Focal females were 
chosen randomly from all the females available during the 
prior exposure period.

In the prior exposure period, the focal female was exposed 
to the ASR treatment during 1 week before the mate choice 
test and actual physical access to mates, but the ASR treat-
ment was removed during the mate choice test. Thus, the 
female-biased (M:F = 2:4) and male-biased ASR (M:F = 4:2) 
during the 1-week exposure period became a male-biased 
ASR (M:F = 2:1) during the mate choice test. In the simul-
taneous exposure period, the focal female experienced the 
ASR treatment simultaneously with the mate choice test. In 
the prior exposure period, the males and focal and stimulus 
females had only visual contact to avoid spawning. Thus, in 
the prior exposure period, focal females encountered poten-
tial mates 1 week before they had direct access to mates. 
In the simultaneous exposure treatment, the focal females 
came directly from a female-only stock tank. Therefore, they 
encountered and had access to the males simultaneously and 
immediately when the experiment started. Each of the stimu-
lus males was given a halved clay flowerpot (diameter 4 cm) 
as nest site material and that could house the egg clutch 
of one female, maybe two. All females used were ready to 
spawn as determined by their belly roundness (García-Berro 
et al. 2019). All males were also ready to mate, as they all 
owned, built and defended a nest (see e.g., Forsgren 1999; 
Malavasi et al. 2001).
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Mate choice tests

Experimental aquaria (70 × 40 × 25 cm length x height x 
depth) were exposed to daylight and had a continuous flow-
through of seawater. Hence light, temperature and salinity 
followed natural conditions. The tanks were divided into 
three compartments (Fig. 1). The two smaller side compart-
ments housed a male on each side and their nests (halved 
clay flowerpots, 4 cm diameter). These males were con-
sidered focal males and were never used as stimulus males 
earlier or later in the experiment. The two males were the 
dominant and the subordinate male from a nest competition 
challenge (male status: dominant vs. subordinate). The dom-
inant male was the winner out of three randomly selected 
males competing for a single nest site. The subordinate male 
was the male left with no nest after the dominant had been 
removed and a second nest was provided to the two remain-
ing males.

The two focal males in the mate choice test were sep-
arated by opaque dividers and were given 24 h for nest 

building. A focal female, from either the prior or simul-
taneous ASR exposure period (i.e., exposed to ASR for a 
week or coming directly from female-only tank), was then 
introduced into the central section of the tank (30 × 25 cm) 
in the morning (9:00 AM ± 30 min). In addition, a transpar-
ent box containing the stimulus fish (simultaneous exposure 
period) or empty (prior exposure period) was introduced 
into the central compartment to create the appropriate ASR. 
The male-biased ASR consisted of four males (the two focal 
males and two stimulus males) and two females (the focal 
and one stimulus female), while the female-biased ASR con-
sisted of the two focal males and four females (the focal and 
three stimulus females; Fig. 1c.).

After 10 min, the opaque dividers were removed and the 
female could see, but not physically interact with the two 
males. Female behaviour was observed for 15 s, every 5 min, 
20 times, until a total observation time of 300 s was reached. 
The observations were made live and the observer was blind 
to the ASR treatment, as number of males and females could 
not be disentangled. However, at times it was possible to tell 

Fig. 1   Experimental set-up showing the 2 × 2 factorial design and the 
different phases in the experiment from a) stocking the fish, b) timing 
of mate encounter and c) mate-choice test. The prior exposure treat-
ment shows that the focal female (grey fish) first encountered poten-
tial mates for one week prior to the mate-choice test and spawning 
opportunity (i.e., delayed access to mates), while in the simultaneous 
exposure treatment the first mate encounter occurs simultaneously 
to the mate-choice test and spawning opportunity (i.e., immediate 

access to mates). Female-biased ASR consists of four females (focal 
female represented in grey and three stimulus females in white) and 
two males (represented by their nests), while male-biased ASR is two 
females (focal female in grey and stimulus in white) and four males 
(represented by two nests and two stimulus males in white). 3F clari-
fies that there are three stimulus females in box and 2 M + 1F clarifies 
that the stimulus fish in box are two males and one female
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whether the stimulus box was empty or not, but not always 
as sand gobies occasionally bury themselves in the sand. 
We recorded the time the focal female spent within a fish 
length’s distance from and oriented towards each male, i.e., 
time associated with a male. In addition, we recorded the 
time the female showed no preference for either male, as 
the time she spent in the middle of the tank. After recording 
behaviour, the transparent dividers were removed allowing 
the female access to the males (at 11:00 AM ± 30 min). The 
tanks were checked every hour for spawning until the next 
day at 16:00 PM (29 h). Once spawning had started, the 
focal female was enclosed together with the male she started 
spawning with in the male’s compartment using an opaque 
divider to avoid being disturbed by the rejected male. When 
the female had finished spawning and left the nest, she was 
immediately removed from the tank. The chosen male was 
designated the ‘preferred’ male type, while the non-chosen 
male was designated male type ‘rejected’. A female from the 
female holding tank was then added to the rejected male and 
given 24 h for spawning. This was done to induce parental 
care behaviour of the rejected male. Each nest was lined with 
a transparent film onto which eggs were spawned and which 
allowed photographing and counting the eggs.

The following day, paternal care was recorded (live and 
blind to the treatments from 9:00 to 12:00) as the time spent 
fanning the eggs during a 10-min period following earlier 
protocols (Lissåker and Kvarnemo 2006; Järvi-Laturi et al. 
2008). Not all males received eggs or eggs were lost due 
to cannibalism. These males without eggs did not perform 
parental care and hence they were removed from the parental 
care analysis. Total sample size of parental care analyses 
was N = 52 (female-biased prior encounter: N = 13, female-
biased simultaneous encounter: N = 15, male-biased prior 
encounter: N = 9, and male-biased simultaneous encounter: 
N = 15). Males were characterised by three independent male 
traits: 1) male body size (standard length), 2) male status, 
i.e., dominance vs. subordinance in the nest competition test, 
and 3) male type, i.e., preferred vs. rejected by the focal 
female shown by her mating decision.

Female condition (Fulton’s condition index, fresh weight-
to-length3 ratio) did not differ between ASR treatments 
(LMM: F = 1.92, P = 0.39, N = 100 (52 focal females + 48 
females of rejected male), the time of ASR exposure period 
(LMM: F = 0.01, P = 0.98, N = 100) and whether they were 
focal females or extra females added to the males rejected by 
the focal female (LMM: F = 0.002, P = 0.97, N = 100). Male 
body size did not differ between ASR treatment (LMM: 
F = 0.07 P = 0.79, N = 156), between time of exposure 
treatment (LMM: F = 0.23, P = 0.63, N = 156), and between 
preferred and rejected males (LMM: F = 2.22, P = 0.13, 
N = 104). However, dominant males were on average 2.4 mm 
larger than subordinate males (LMM: F = 7.13, P = 0.009, 
N = 156).

Statistical analyses

Statistical analyses were performed in R statistical software 
(version 3.2.2; R Core Team, 2018). Female time associated 
with each male (continuous square-root-transformed data, 
seconds), female time showing no preference (continuous 
data, seconds), and male fanning time (continuous square-
root-transformed data, seconds) were analysed with linear 
mixed models (LMM). All models included female identity 
nested within tank identity as a random factor, except female 
time showing no preference, which only had tank identity as 
a random effect. Fixed factors were time of ASR encounter 
(prior vs. simultaneous), ASR (female- vs. male-biased), and 
male type (preferred by female vs. rejected), male status 
(dominant vs. subordinate), or body size. LMMs were per-
formed with R package”lme4″ (version 1.1–11; Bates et al. 
2015). Latency to spawn was tested using survival analysis 
(cox-proportional hazards model; SA) with tank identity as 
random factor, and ASR, time of ASR encounter and time 
associated with males as fixed effects (”coxme” package, 
version 2–2.5 Therneau, 2018;). The 52 focal females were 
included in the latency to spawn analysis. Females who 
spawned were described by a censoring score of 1 and the 
time it took them to spawn in hours. Fixed-effects structure 
was simplified with the aid of Akaike’s information crite-
rion. The model that yielded the lowest AIC was considered 
the model that best described the data (Burnham and Ander-
son 2002). P values were calculated from F statistics for 
LMM (lmerTest package 2.0–29 Kuznetsova et al. 2017;). 
Pairwise comparisons were carried out with emmeans pack-
age (version 1.2.4), which compares estimated marginal 
means (EMMs) from the models (Lenth 2018).

Results

Female preference

Females spent more time associated with the male they even-
tually mated with (LMM: F = 13.06, P = 0.0005, N = 52), but 
this was affected by the 3-way interaction of ASR, time of 
ASR exposure, and male type (LMM: F = 10.37, P = 0.002, 
N = 52). Only females exposed to the female-biased ASR in 
the prior exposure treatment and those exposed to the male-
biased ASR in the simultaneous exposure treatment showed 
a clear association with the male they later spawned with 
(i.e., preferred male; Fig. 2). Females exposed to the female-
biased ASR and prior exposure treatment spent 58 ± 2.9 
(X ± SE) times longer with their preferred male relative to 
the rejected male (EMM: t-ratio = 4.45, P < 0.001; Fig. 2). 
Females exposed to the male-biased ASR and simultane-
ous exposure treatment spent 19 ± 2.5 (X ± SE) times longer 
with the preferred male (EMM: t-ratio = 2.72, P = 0.009). 
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Females exposed to the remaining two treatments showed no 
interest for either male (nor the stimulus box), as they spent 
most of their time in the middle of the tank as shown by the 
interaction between ASR and the time of ASR encounter 
(LMM: F = 4.33, P = 0.041, N = 78). For instance, females 
that showed the least interest for males (i.e., those exposed 
to female-biased ASR and simultaneous exposure treatment) 
spent 55 ± 23.7 (X ± SE) times longer in the central compart-
ment relative to females that showed the highest preference 
(i.e., female-biased and prior exposure treatment, EMM: 
t-ratio = 2.31, P = 0.024). In contrast, females did not spend 
more time associated with either dominant or subordinate 
males (LMM: F = 0.40, P = 0.530, N = 78). Nor this was 
affected by ASR treatment (LMM: F = 0.53, P = 0.466, 
N = 78) or ASR exposure period (LMM: F = 3.02, P = 0.084, 
N = 78). Male body size also did not affect the time females 
spent associated with the males (LMM: F = 0.22, P = 0.639, 
N = 78).

The latency to spawn (spawning time) was affected by 
the treatments. These differences are described by the differ-
ences in spawning rate, i.e., number of spawning events per 
time observed expected in each treatment group. Females 
exposed to the prior exposure treatment had a four times 
higher spawning rate relative to females exposed to the 
simultaneous exposure treatment (Fig. 3a; SA: z = -2.40, 
P = 0.016, N = 52). This is equivalent to an average spawning 
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Fig. 2   Proportion of time the focal female is associated with the pre-
ferred compared to the rejected male. The different boxes represent 
ASR treatment (female- and male-biased) and the timing when the 
females were exposed to the ASR treatment (prior and simultaneous). 
Thick bars represent medians and the lower and upper hinges of the 
box represent first and third quartile, while whiskers show 1.5 time 
the interquartile range. ** mark the groups where there was as signifi-
cant difference (P < 0.01) between the preferred and rejected males

(a) (b)

Fig. 3   a) The time it took the focal female to spawn with her pre-
ferred male in each treatment group (raw data). The different boxes 
represent ASR treatment (female- and male-biased) and the timing 
when the females encountered the ASR (prior and simultaneous). 
Thick bars represent medians, lower and upper hinges of the box rep-
resent first and third quartile, while whiskers show 1.5 time the inter-
quartile range, and open circles represent observations outside the 1.5 

time interquartile range. b) Model estimated female time to spawn 
(X ± SE represented by dots and whiskers, respectively) linked to 
short (0 s) and long (82 s) female association time with her preferred 
males. The 0 and 82 s represent the 30th and 70th percentiles of time 
associated to preferred male, respectively (X ± SE = 63.5 ± 9.2  s). 
Note dots are jittered to avoid overplotting
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time of 3 h earlier. Females exposed to the female-biased 
ASR had a 5.5 times higher spawning rate—i.e., they 
spawned on average 5 h earlier (Fig. 3a; SA: z = -2.39, 
P = 0.017, N = 52). However, these effects depended on the 
time the female spent associated with the preferred male 
(Association time*ASR*Exposure period, SA: z = -3.17, 
P = 0.015, N = 52; Table 1; Fig. 3b). When we compared 
females that spent short times associated with the males they 
mated with, we found that females exposed to the female-
biased ASR and prior exposure treatment spawned on aver-
age five times faster than all the other groups (i.e., 7 h ear-
lier), which did not differ from each other (Fig. 3b; Table 1). 
On the other hand, when the duration of the association 
time with the preferred male increased, the rate of spawn-
ing decreased in the female-biased and prior exposure group 
(Fig. 3b; Table 1). Moreover, with longer association times, 
females belonging to the male-biased simultaneous exposure 
group had the slowest spawning rate (Fig. 3b; Table 1).

Difference between preferred and rejected males

Males that successfully mated with the focal females (i.e., 
the preferred males) were those that spent on average 25 s 
more fanning their eggs than rejected males (LMM: F = 6.92, 
P = 0.011, N = 52; Fig. 4a). The latency to spawn was also 
associated with fanning time, but only in the female-biased 
ASR (Fig. 4b). Females exposed to the female-biased ASR 
and having longer spawning latencies mated with males 
that fanned 24.9 times more, relative to females making fast 
spawning decision (EMM: t-ratio = -2.15, P = 0.037). In the 
male-biased ASR, females with long and short spawning 
latencies mated with males fanning equally much (EMM: 
t-ratio = -0.89, P = 0.375). This suggests that, even though 
females always preferred males that performed more fan-
ning behaviour, those females with faster spawning decisions 

(i.e., short latency to spawn) preferred and rejected good 
parents equally often and hence did not mate with good par-
ents more frequently. While females with slow mating deci-
sions (i.e., long latency to spawn) did end up mating with 
males of good parental quality. The exposure period (prior 
vs. simultaneous) was not associated with male fanning time 
when latency to spawn was included in the model. Finally, 
it should be noted that male status did not affect fanning 
behaviour. Dominant and subordinate males did not differ 
in their parental care behaviour (LMM: F = 0.91, P = 0.350, 
N = 52, Fig. 4a). In addition, male body size did not affect 
male fanning (LMM: F = 0.34, P = 0.562, N = 52).

Discussion

In the present study we show that the timing (prior or simul-
taneous) when a female is exposed to a particular sex ratio 
environment (ASR treatment) affects her association with 
the male, with whom she later spawns and the latency to 
spawning, which we interpret as representing the speed of 
her decision making, rather than a change of preference. 
Thus, our results highlight the importance of considering the 
interplay between the availability of potential mates and the 
timing of meeting those mates to better understand female 
mating decision. This interaction is commonly not consid-
ered (Castellano et al. 2012; Breedveld and Fitze 2015).

Females exposed to the female-biased ASR for a week 
prior to the mate choice test exhibited the shortest spawning 
latency. These females also had the longest time associated 
with their preferred males, and accordingly the shortest time 
spent in the central compartment of the experimental tank 
showing no preference for either male. At the other extreme, 
females experiencing the male-biased ASR and simultane-
ous exposure period also exhibited strong preferences for 

Table 1   Statistical results from 
pairwise comparison of groups 
associated 0 and 82 s with the 
preferred male (30th and 70th 
percentiles, respectively)

Ratio and SE refers to the ratio of estimated spawning rates (number of spawning events per observed time) 
and standard errors of each contrast, with their associated and P value

Contrasts Ratio SE z-ratio P

At 0 s associ-
ated with 
preferred 
male

Prior and Female-b./Simultaneous and Female-b 4.16 2.47 2.40 0.016
Prior and Female-b./Prior and Male-b 5.52 3.95 2.39 0.017
Prior and Female-b./Simultaneous and Male-b 5.78 3.63 2.79 0.005
Simultaneous and Female-b./Prior and Male-b 1.33 0.77 0.49 0.625
Simultaneous and Female-b./Simultaneous and Male-b 1.39 0.63 0.73 0.465
Prior and Male-b./Simultaneous and Male-b 1.05 0.64 0.08 0.939

At 82 s asso-
ciated with 
preferred 
male

Prior and Female-b./Simultaneous and Female-b 1.38 0.73 0.61 0.542
Prior and Female-b./Prior and Male-b 0.37 0.20 − 1.80 0.071
Prior and Female-b./Simultaneous and Male-b 2.71 1. 11 2.44 0.015
Simultaneous and Female-b./Prior and Male-b 0.27 0.17 − 2.05 0.040
Simultaneous and Female-b./Simultaneous and Male-b 1.97 1. 02 1.31 0.189
Prior and Male-b./Simultaneous and Male-b 7.38 4.14 3.56 0.0004
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one particular male by associating with that male longer 
than with the alternative male. However, in this case, the 
preference was not associated with faster spawning. Thus, 
it was the combination of a female-biased social environ-
ment (competition cost) and the delayed access to males 
(time cost) that resulted in faster spawning decisions (see 
also Lindström and Lehtonen 2013).

Interestingly, our results suggest a trade-off between the 
speed and accuracy of mate choice. Females with the high-
est mating costs (time and competition cost) took the fastest 
spawning decisions (i.e., female-biased ASR exposure prior 
to mate encounter), but did not always make an accurate 
choice, i.e., mated with the male with traits linked to bet-
ter offspring survival. These females equally accepted and 
rejected males exhibiting good quality parental care. In sand 
gobies, females prefer males with good parental abilities 
(i.e., more egg fanning; Forsgren 1997b; Lindström et al. 
2006), as these ensure better offspring survival and higher 
hatching success (Forsgren et al. 1996; Jones and Reynolds 
1999; Klug et al. 2006; Karino and Arai 2006). Moreover, 
in the group exposed to a male-biased ASR simultaneous to 
mate encounter, females took longer to spawn and were most 
likely to mate with the male exhibiting most parental behav-
iour and hence made accurate decisions more frequently. It 
should be noted that we did not observe a shift in female 
preference towards other male traits. Females always pre-
ferred males with good parental skills across all the ASR 
conditions and ASR exposure periods. Our results showed 
that neither male size nor dominance in nest competition 

became a preferred trait under any of the presented social 
environments. Dominant males were not better at parental 
care, confirming earlier results (Forsgren 1997b). Thus, 
the previous experience with female competitors and the 
time cost of delayed access to males led to a rushed mat-
ing decision that on average resulted in a worse choice of 
mate. Whether this was an erroneous choice or that females 
lowered their mate quality standards, as seen in other fish 
(Milinski and Bakker 1992; Heubel et al. 2008; Passos et al. 
2014), cannot be determined by the present study. Either 
way, our results demonstrate a pronounced speed-value 
trade-off, which is equivalent to the previously suggested 
speed-accuracy trade-off (Chittka et al. 2009; Pirrone et al. 
2014). It should be noted that the remaining two treatment 
groups lie within these two extremes. Females exposed to 
a male-biased ASR prior to mate choice, had the second 
shortest spawning latency and the difference in preferred and 
rejected males was the second smallest. Females exposed 
to a female-biased ASR simultaneously to mate choice had 
longer spawning latencies, but this did not result in relatively 
better mate choice decisions compared to females exposed to 
a male-biased ASR prior to mate choice. We believe that in 
this case, female-female competition led to a lowered mate 
selectivity to ensure any mating, as seen in other fish (Borg 
et al. 2006; Passos et al. 2014). This low selectivity was 
represented by a lack of a significant difference in associa-
tion time between preferred and rejected males. In the rest 
of the groups, females exhibited a preference towards one 
of the males by associating with that male, and whether that 

(a) (b)

Fig. 4   a) Estimated time spent fanning the eggs by the preferred and 
the rejected males, and by dominant and subordinate males. Dots 
represent mean estimates while whiskers show standard errors. b) 
Estimated time spent fanning associated with short and long spawn-

ing latencies for female- and male-biased ASR. The 21.1 and 28.7 h 
represent the 30th and 70th percentiles of latency to spawn, respec-
tively (X ± SE = 21.2 ± 0.9 h). * and ** mark significant differences of 
P = 0.04 and P = 0.01, respectively
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preference resulted in mating with the high-quality male 
depended on spawning latency. Speed-accuracy trade-offs 
have been observed in decisions related to foraging, predator 
avoidance, in cognitive tasks in many animals (e.g., birds, 
bank voles and bees; Ducatez et al. 2015; Wang et al. 2018; 
Mazza et al. 2019) and even in unicellular mould (Dussut-
our et al. 2019). Similar trade-offs between time constraints 
and choice of the best mating partner are expected (Chittka 
et al. 2009), and have been found for example in the pied 
flycatcher, blue crabs, and house crickets (Alatalo et al. 
1988; Backwell and Passmore 1996; Gray 1999). Our data 
suggest that this trade-off may be influenced by time con-
straints due to varying time of exposure to potential mates, 
rather than just time within a mating season, as the above-
mentioned studies have shown. In addition, we showed that 
the competitive setting, the previously experienced sex ratio, 
affected this trade-off.

All focal females in the present experiment experienced 
the same delay in their spawning opportunity with males, 
but females that experienced the prior exposure period 
could observe males with nests for a week before physical 
access and spawning opportunity. Females in the simulta-
neous ASR exposure period spent their time in all-female 
stock tanks and did not have any contact with males until 
the mate choice trials. Therefore, a possible interpretation 
of the difference between the two ASR exposure periods is 
that they represent different onsets of the females’ mating 
window. Breedveld and Fitze (2015) define the start of the 
mating window with the first mate encounter. Thus, females 
in the prior exposure period could have initiated their mating 
window 1 week before while females in the simultaneous 
exposure period did not initiate their mating window until 
the mate choice test, when they encountered stimulus males 
for the first time (Breedveld and Fitze 2015; Henshaw 2018). 
Given this difference in the onset of the mating window, we 
believe that females in the prior exposure period experienced 
a time cost through missed mating opportunities, due to the 
delayed between first encounter and actual access to mates. 
These females hence experienced a higher time cost that 
affected their decisions than the females in the simultaneous 
exposure period (Breedveld and Fitze, 2015; Lindström and 
Lehtonen, 2013). The females maintained in the all-female 
stock tank (simultaneous exposure) may not have initiated 
the mating window until exposed to the mate choice test 
and did therefore not experience the cost of missed mating 
opportunities. The differences between females in the prior 
and the simultaneous exposures periods could be physi-
ological. An earlier first mate encounter in the prior group 
may have stimulated earlier egg hydration (Tang et al. 2019) 
and thus resulted in over-mature eggs at the time of mate 
choice. Therefore, it may be this time constrain associated 
with deteriorating egg quality after ovulation and hydration 
that forces females to mate faster and with worse quality 

males (Goncalves et al. 2015). Differences between our ASR 
exposure period levels could also have been interpreted as 
differences in mate encounter rates by the females. The 
prior exposure treatment would represent a higher encoun-
ter rate relative to the simultaneous exposure. A higher mate 
encounter rate is expected to result in females being more 
choosy (Fawcett and Johnstone 2003), rather than less as 
observed here. However, the availability of males does not 
seem to affect spawning latency in sand gobies (Lindström 
and Lehtonen 2013). Therefore, we believe that differences 
in the onset of the mating window remains as a likely expla-
nation for our results, although the existence of a mating 
window has not been investigated in sand gobies.

In conclusion, we showed that females with an extended 
experience of a female-biased ASR made faster spawning 
decisions. Under these conditions, female mating decisions 
were less accurate regarding male parental skills suggesting 
a trade-off between speed of mating decision and quality of 
mate choice.
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