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Abstract

Ejaculate allocation patterns vary widely among species and often depend on 
characteristics of the individual. However, it is poorly known whether ejaculate 
allocation patterns change in response to distinct ontogenetic stages (i.e., 
adolescent vs. adult). The present study aims to describe the mating process 
and test variations in ejaculate allocation in response to the ontogenetic 
stage of the Chilean kelp crab Taliepus dentatus (H. Milne Edwards, 1834). 
Mating consists of the following sequence: (1) pre-copulatory guarding (i.e., 
male grasping female and/or caging female between legs), (2) copulation in 
sternum-to-sternum position, and (3) post-copulatory guarding (i.e., male 
grasping female or carrying her around by the chelae). The mating behavior 
and ejaculate allocation pattern differed between the two contrasting male 
ontogenetic stages. Adolescent males generally delivered less ejaculate in 
repeated short copulations and adult males transferred more ejaculate in a 
single extended copulation. Ejaculate allocation in adolescents was dependent 
on female size, but not so in adults. Variation in the ejaculate allocation pattern 
may be common in species with contrasting male ontogenetic stages, where less 
competitive males (i.e., adolescents) economize their limited seminal reserves. 
Conversely, adults which have a greater capacity to produce seminal material 
(fluids + spermatozoa) may invest greater quantities of seminal material.
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Introduction

Ejaculate allocation strategies and prudent ejaculate 
expenditure aim to maximize the reproductive output 
and are present in males of many taxa of terrestrial 
insects, birds, and fishes (Wedell et al., 2002) as a 
response to energetically costly production of seminal 
materials, especially seminal f luids (Dewsbury, 
1982). Ejaculate allocation refers to the ability of 
males to adjust the amount of ejaculate transferred 
to females. In crustaceans, the pattern of allocation 
of spermatozoa varies widely among species and 
depends on characteristics of the individual as well 
as the socio-sexual context. In a non-competitive 
scenario, important determinants of the spermatozoal 
quantity transferred to females are size of the female 
(Gosselin et al., 2003; Brockerhoff and McLay, 2005; 
Rubolini et al., 2006), size of the male (Gosselin et 
al., 2003; Hines et al., 2003; Sato et al., 2006) and 
mating history (Kendall et al., 2002; Van Son and 
Thiel, 2006). Males may modify the amount of 
spermatozoa delivered to females in response to the 
socio-sexual context, notably by adjusting ejaculate 
size to match the risk of sperm competition (Wedell 
et al., 2002). The probability of sperm competition 
can be ref lected in the operational sex ratio and the 
presence of rival males. In spider crabs (Majoidea) 
in particular, male ejaculate allocation patterns have 
been poorly studied, except for Chionoecetes opilio (O. 
Fabricius, 1788) (Sainte-Marie and Lovrich, 1994; 
Rondeau and Sainte-Marie, 2001; Sainte-Marie et 
al., 2002).

Majoids are generally characterized by determinate 
growth and cease molting after their puberty molt, 
which is referred to as the terminal molt (Hartnoll, 
1963; 1984; 2001; McLay and López Greco, 2011; 
McLay, 2015). At the terminal molt the transition 
from adolescence to final sexual maturity (i.e., adult 
stage) occurs, corresponding to morphometric 
maturity, which is associated with acquiring full 
development of secondary sexual traits, such as the 
relative enlargement of the propodus of the chelae 
in relation to the carapace size in males (Conan and 
Comeau, 1986; Sainte-Marie et al., 1995; Mura et al., 
2005). However, in males of several majoid species the 
onset of spermatogenesis (i.e., physiological sexual 
maturity) can occur before the terminal molt (Conan 

and Comeau, 1986; Mura et al., 2005; Corgos and 
Freire, 2006; Varisco and Vinuesa, 2011), thus enabling 
both adolescent and adult males to mate (Sainte-
Marie et al., 1997; Sal Moyano and Gavio, 2012). In 
majoids, distinct patterns of mating depending on 
the ontogenetic stage of males have been described, 
such as in Libinia emarginata Leach, 1815 (Laufer 
and Ahl, 1995), Libinia spinosa Guérin, 1832 (Sal 
Moyano and Gavio, 2012) and C. opilio (see Sainte-
Marie et al., 1997). In particular, C. opilio exhibits 
contrasting mating behaviors which are displayed 
in the two male ontogenetic stages: abbreviated pre-
copulatory guarding, several brief copulations and 
optional post-copulatory guarding in adolescent males 
vs. pronounced pre- and post-copulatory guarding 
behavior and one long copulation in adult males 
(Sainte-Marie et al., 1997). In L. spinosa the two 
morphotypes differ in the duration of both pre- and 
post-copulatory guarding (Sal Moyano and Gavio, 
2012). Studies describing the distinct ontogenetic 
stages in spider crabs so far have been mainly focused 
on differences in mating behavior, such as duration 
and frequency of copulation and duration of pre- 
and post-copulatory guarding (Sainte-Marie et 
al., 1997; Sal Moyano and Gavio, 2012), although 
the amount of ejaculate delivered by male C. opilio 
was examined (Sainte-Marie and Lovrich, 1994). 
Duration of copulation is often related to the amount 
of seminal material transferred (e.g., Sainte-Marie et 
al., 1997). However, information on whether distinct 
male ontogenetic stages can also be ref lected in the 
ejaculate allocation pattern in spider crabs, is scarce.

The kelp crab Taliepus dentatus (H. Milne 
Edwards, 1834), commonly called “Jaiba Panchote”, is 
distributed between Callao in Peru (12°S) and Puerto 
Bueno in the Chilean Patagonia (51°S), including the 
islands of San Félix and Juan Fernández (Fagetti and 
Campodonico, 1971). Its exploitation is concentrated 
in the austral regions of Chile, with a five-year mean 
annual landing of around 23.4 tons (Servicio Nacional 
de Pesca y Acuicultura, 2015–2019). This is an 
artisanal fishery with a male-only harvest regulation 
and oviposition in T. dentatus has been observed year-
round (Fagetti and Campodonico, 1971; Retamal et 
al., 2009). Previous studies on T. dentatus have been 
mainly focused on thermal tolerance of larvae (Storch 
et al., 2009; 2011; Carreja et al., 2016), maternal 
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investment of females (Baldanzi et al., 2018) and male 
seminal recovery (Pretterebner and Pardo, 2020). 
Knowledge about male reproductive biology is scarce 
despite them being the target of a fishery.

This study aims to describe the mating process 
in T. dentatus and understand the inf luence of the 
individual ontogenetic stage (i.e., adolescent and adult 
males) on the quantity of seminal material transferred 
from the male to the female during copulation (i.e., 
ejaculate). 

Materials and Methods

Seasonal pattern of male reproductive investment
The vasosomatic index (VSI) represents the 

capacity of males to transfer seminal material with 
respect to their size (Sainte-Marie, 2007; Pardo et al., 
2015) and f luctuation of the VSI can be interpreted 
as the condition of males during the reproductive 
cycle, indicating periods of mating and seminal 
reserve recovery (Pardo et al., 2019). Therefore, 
the VSI was estimated for male crabs of similar 
size (larger than 96.4 mm carapace length (CL)) 
collected from Los Molinos Bay in southern Chile 
(39°51’16.7”S 73°23’40.3”W) from January 2016 to 
May 2017 during the four austral seasons (n = 7 in 
winter and spring each, n = 5 in summer and n = 6 
in autumn). At the Laboratorio Costero de Recursos 
Acuáticos de Calfuco, Universidad Austral de Chile, 
individuals were sacrificed (anesthetized by thermal 
shock: −20 °C for 20 min), paired vasa deferentia 
were dissected out (Fig. 1A) and their dry weight was 
determined. The VSI (expressed as a percentage) was 
calculated as VSI = (VDW/BDW) × 100, with VDW 
being the dry weight of the two vasa deferentia (oven 
dried for 4 days at 70 °C and weighed to a precision of  
0.0001 g) and BDW being the dry weight of the crab 
body (oven dried for 4 days at 70 °C and weighed to 
a precision of 0.01 g). For the estimation of the VSI, 
dry weight of the crab body without legs and chelae 
was used to increase accuracy (Sainte-Marie, 2007; 
Pardo et al., 2015).

Determination of adolescent and adult males
Morphometric size at sexual maturity of males 

was estimated to determine the ontogenetic stage of 

crabs. Carapace length (CL; rostrum to mid-posterior 
carapace) and height of both chelae (measured across 
the widest portion of the propodus perpendicular 
to the long axis) were measured on 62 males from 
the same sampling location (Los Molinos Bay) 
using a vernier caliper. Male crabs were categorized 
according to their ontogenetic stage (i.e., adolescent 
and adult males) using the same terminology as used 
in Sainte-Marie et al. (2008). Adolescent males were 
characterized by bearing small chelae relative to their 
CL, in comparison with adult males that possessed 
enlarged chelae.

Laboratory condition and experimental crabs
Experimental matings were conducted in the 

laboratory to describe the mating behavior of T. 
dentatus and to examine whether males have an 
ejaculate allocation pattern in response to their 
ontogenetic stage. Males (CL range: 87.3–119.8 
mm) and females (CL range: 70.2–89.5 mm) of T. 
dentatus were collected from Los Molinos Bay and 
transported to the laboratory where crabs were 
maintained separately by sex in 500 l tanks with 
f lowing seawater, air supply (O2 saturation was 
guaranteed through bubbling of water) and ad libitum 
food for at least 14 days to allow recovery of seminal 
material for mating (Pretterebner and Pardo, 2020). 
Experimental matings were conducted in all months 
from April 2017 to February 2018, except for May 
2017. For experimental manipulative matings the right 
gonopod of males was ablated (unilateral ablation) by 
removing the appendage at its base with dissecting 
scissors to be able to estimate ejaculate transferred 
during one mating (Jivoff, 2003; Pardo et al., 2013; 
2015; 2018). An experimental mating trial consisted of 
pairing one unilaterally ablated male with one female 
in an individual 100 l tank with f lowing seawater. 
The bottom of the tank was covered with pebbles. 
All females used in experimental matings were in 
post-puberty intermolt stage (i.e., “hard-shelled” and 
pleon detached from carapace). Only crabs with both 
chelae were used in experiments. We measured CL on 
all individuals so that the difference between female 
and male CL was always constant (male CL on average 
1.2 times larger than that of female) to avoid effects 
of great size differences in experimental pairs.

http://www.editoraletra1.com.br
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Mating behavior
Experimental matings were recorded in high-

definition mode by video cameras equipped with 
infrared light to subsequently describe the mating 
behavior of 12 randomly selected pairs of which 
males in 6 pairs were adolescent and 6 pairs adult. 
Four behavioral variables were analyzed: (1) total 
duration of pre-copulatory guarding, (2) total duration 
of copulation, (3) total duration of post-copulatory 
guarding, and (4) number of copulations during the 
experimental period. The time spent by a mating 
pair in a sternum-to-sternum position was equated to 
copulation duration because we could not determine 
when the male gonopod was actually inserted or 
removed from the female vagina. Additionally, 
during copulation the opened pleon of the female 
was often visible below the malé s carapace (Fig. 1B). 
End of copulation was identified by the separation 
of the pair or the change into a rostrum-to-rostrum, 
post-copulatory guarding position. If a pair mated 
repeatedly (i.e., more than one copulation), the total 
duration of each behavioral variable was calculated 
as the sum of the multiple durations of each behavior 
observed during the experimental mating trial. 
Each mating trial ended at the separation of the pair 
after mating or post-copulatory guarding, or after 
approximately 24 h. 

Ejaculate allocation
To determine if ontogenetic stage can explain 

ejaculate allocation, experimental matings were 
conducted in 24 pairs of which males in 9 and 15 
pairs were adolescent and adult, respectively. The 
male and female used as a mating pair were randomly 
chosen from tanks where they were maintained 
separated by sex before the experiment. The terminal 
molt does not always occur at the same number of 
molts in the female, as in C. opilio (see Sainte-Marie 
et al., 2008), therefore, there is variation in the size 
of females which are able to copulate. After mating, 
the female and male were sacrificed. Both seminal 
receptacles and ovaries of females and the left vas 
deferens of males were dissected out (Fig. 1A). The 
dry weight of seminal receptacles, ovaries and left 
vas deferens was measured. Due to ablation of the 
right gonopod, ejaculate delivery was unilateral and 
the amount of ejaculate delivered to females was 
estimated as the difference in dry weight between the 
right receptacle (presumably refreshed by mating) and 
the left receptacle (not refreshed) (Pardo et al., 2013). 
We used the dry weight of the left receptacle as an 
approximation of its load before mating.  The right vas 
deferens after mating was not used for further analysis 
because some seminal material might have escaped out 
of the right gonopod during mating despite its initial 

Figure 1. Procedures involved in experimental mating in Taliepus dentatus. (A) Dorsal view of opened cephalothorax displaying 
the male reproductive system. Dissection of paired vasa deferentia after experimental mating. Paired vasa deferentia (vd) and testes 
(t) are indicated by arrows. Scale bar = 10 mm. (B) During copulation the male (m) was positioned above the female (f) in the 
sternum-to-sternum position. The opened pleon of the female was visible below the male crab, which is indicated by the arrow 
(photos: K. Pretterebner, photoshop).
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ablation. Instead, the seminal material present at the 
beginning of the trial of each male was calculated by 
adding twice the left vas deferens dry weight after 
mating to the doubled ejaculate dry weight received 
by the female of the mating pair. The reproductive 
status of females was recorded (i.e., non-ovigerous 
or ovigerous; the embryo stage was not determined). 
Females were visually examined for the presence of 
a post-mating sperm plug. We assumed that females 
were always receptive because in this species mating 
occurs year-round and even with ovigerous females. 
The majority of experimental matings was successful 
suggesting that females were attracted to males.

Data analyses and statistics
To test seasonal variation in VSI, a one-way 

ANOVA was performed and subsequently a Tukey 
test was used for multiple comparisons of treatment 
means (n = 7 in winter and spring each, n = 5 in 
summer and n = 6 in autumn).

To estimate morphometric size at maturity in 
males (n = 62) a piecewise linear regression model 
with a breakpoint was used. Parameters were 
calculated by the least squares method using the 
Levenberg–Marquardt algorithm (Gill and Murray, 
1978) in STATISTICA 7.0 (StatSoft, Hamburg). The 
independent variable was male CL and the dependent 
variable was height of the left chela (if absent, right was 
used). The breakpoint is considered a morphometric 
indicator of maturity (Somerton, 1980). For model 
selection (one or two regression lines) we used the 
test proposed by Somerton (1980):

F=

(RSS 1− RSS 2)
2

RSS2

(n− 4)  

 where RSS1 and RSS2 are the residual sums of squares 
models with a single and two lines fit to the data, 
respectively, and n is the number of data points. The 
test statistic is distributed as F with 2 and n - 4 degrees 
of freedom.

To detect differences between adolescent and 
adult males in duration of copulation and pre- and 
post-copulatory behavior, as well as ejaculate delivery 
per receptacle, unpaired t-tests were performed (n = 
6 pairs per ontogenetic stage). To detect differences 
in ejaculate delivery between non-ovigerous (n = 13 

of which 5 and 8 males were adolescent and adult, 
respectively) and ovigerous (n = 11 of which 4 and 7 
males were adolescent and adult, respectively) females 
an unpaired t-test was performed. To identify which 
variable or variables best describe the variation in 
ejaculate transfer to females (n = 24 pairs), linear 
models (LM) were performed. Tested variables include 
CL of female, CL of male, difference between female 
and male CL (%), VDW after mating, old ejaculate 
stored in seminal receptacle of female, female non-
ovigerous or ovigerous, male ontogenetic stage and 
dry weight of the ovaries. The Akaike information 
criterion (AIC) was used to choose the model which 
explained best the variation in ejaculate transferred. 
Linear regressions were performed for each male 
ontogenetic stage to test the relationship between CL 
of the female and ejaculate delivered per receptacle, as 
well as percentage of VDW delivered in one mating, 
respectively.

All data were checked for normality using the 
Shapiro-Wilk test. The Bartlett test was applied to 
check for variance homogeneity. All statistical analyses 
were performed using the software R version 3.4 (R 
Core Team, 2017), except for estimation of size at 
morphometric maturity.

Results

Seasonal pattern of male reproductive investment
The VSI of adult males showed significant seasonal 

variation, with a decrease in the index in spring (one-
way ANOVA, season: F3, 21 = 3.53, p = 0.033) (Fig. 2).

Determination of adolescent and adult males
Two phase lines described the relationship between 

CL and male chela height better than a single line 
(Fig. 3). The model was presented as y = -8.1102 +  
0.355799 × CL + 0.159701 × (CL - 96.4999)  
× (CL > 96.4999); (R2 = 0.9097; variance explained: 
82.7 %) corresponding to QH = constant + slope I × 
CL + slope II × (CL - breakpoint) × (CL > breakpoint). 
Size at which 50 % of males reached morphometric 
maturity was 96.4 ± 3.8 mm CL (values in the Results 
section correspond to means ± standard errors). Crabs 
equal to or greater than 96.4 mm CL were considered 
as morphometrically mature (i.e., adults) and smaller 
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as adolescents. The smallest male that engaged in 
successful mating (i.e., functional sexual maturity) 
measured 87.3 mm CL. Vasa deferentia were visible 
in all males upon dissection.

Mating behavior
A brief pre-copulatory mate guarding was 

performed in all pairs and lasted, on average, 0.40 
± 0.07 h (range: 0.25–0.73 h) for adolescent males 
and 0.48 ± 0.27 h (range: 0.13–1.86 h) for adult 
males. Duration of pre-copulatory guarding did not 
differ between adolescent and adult males (two-
tailed unpaired t-test, t-value = -0.29, p = 0.78). Pre-
copulatory guarding was characterized by the male 
grasping the female in the rostral region using his 
chelae and/or caging the female between his legs while 
being in a rostrum-to-rostrum position.

Then, copulation occurred in the sternum-to-
sternum position (Fig. 1B). The pleon of the male and 
female were extended. Copulation lasted longer in 
adult males (mean = 1.98 ± 0.35 h; range: 0.83–2.96 h) 
than in adolescent males (mean = 1.26 ± 0.16 h; 
range: 0.83–1.93 h), however, the difference was not 
significant (two-tailed unpaired t-test, t-value = -1.83, 
p = 0.09) (Fig. 4A). Repeated mating was observed in 
adolescent and adult males in 4 of 6 and in 2 of 6 pairs, 
respectively, whereby the maximum mating frequency 
observed in these pairs was just twice.

After copulation, a majority of adolescent (5 of 
6 pairs) and adult males (4 of 6 pairs) engaged in 
post-copulatory guarding, which lasted, on average, 
2.40 ± 1.85 h (range: 0.00–11.50 h) and 2.62 ± 1.52 
h (range: 0.00–7.50 h), respectively. Duration of 
post-copulatory guarding did not differ between 
adolescent and adult males (two-tailed unpaired t-test, 
t-value = -0.09, p = 0.93). Post-copulatory guarding 
occurred in the rostrum-to-rostrum position, which 
was characterized by the male grasping the female or 
holding the female with one chela and carrying her 
around. In contrast, no post-copulatory guarding 
was observed (i.e., pairs separated immediately after 
copulation) in one and two pairs containing adult 
and adolescent males, respectively.

Ejaculate allocation
Adult males transferred a significantly larger 

quantity of ejaculate to females than adolescent males 
(two-tailed unpaired t-test, t-value = -3.55, p = 0.005) 
(Fig. 4B). Total VDW (i.e., doubling left vas deferens) 
before mating in adolescent and adult males was 144.3 

Figure 2. Box plot of seasonal vasosomatic index (VSI) of Taliepus 
dentatus from Los Molinos Bay, Chile. Boxes: interquartile range 
of the data (first quartile, median and third quartile). Whiskers: 
the values that extend to 1.5 times the interquartile range. Circles: 
outliers. Letters indicate significant differences (p < 0.05) (R v 3.4).

Figure 3. Regression lines of the log10 chela height (CH) vs. log10 
carapace length (CL) for adolescent (y = 1.414 – 1.386x) and 
adult males (y = 1.842 – 2.240x) in Taliepus dentatus. Adolescent 
and adult males are indicated by dots and triangles, respectively 
(R v 3.4). 
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± 16.8 mg (range: 72.8–242.0 mg) and 184.5 ± 13.5 
mg (range: 107.0–292.8 mg), respectively. Total VDW 
after mating in adolescent and adult males was 90.5 
± 12.0 mg (range: 68.4–167.8 mg) and 114.7 ± 10.5 
mg (range: 71.0–218.4 mg), respectively. All females 
had ejaculate stored in the left, non-refreshed, seminal 
receptacle prior to experimental matings (mean = 51.0 

± 5.8 mg; range: 18.3–126.1 mg). Mean fresh ejaculate 
weight received by females in one receptacle was not 
different between non-ovigerous (32.1 ± 3.6 mg) 
and ovigerous females (33.3 ± 3.7 mg) (two-tailed 
unpaired t-test, t-value = -0.16, p = 0.86), disregarding 
the male ontogenetic stage. A sperm plug was not 
detected in any female.

The model selected by the AIC which best 
explained the ejaculate amount received by females 
of both adolescent and adult males only included CL 
of females and the linear model indicated that female 
CL significantly inf luenced the amount of ejaculate 
delivered per seminal receptacle (equation: ejaculate 
delivered per receptacle = -86.542 + 1.448 × (CLF); 
R2 = 0.28, F1, 22 = 9.926, p = 0.004) (Tab. 1). Including 
only adolescent males, ejaculate delivered per seminal 
receptacle showed a significant linear relationship 
with female CL and a better fit (equation: ejaculate 
delivered per receptacle =  -134.007 + 2.048 × (CLF); 
R2 = 0.92, F1, 7 = 89.45, p < 0.001) (Fig. 5). In adult 
males ejaculate delivery per seminal receptacle was 
not related to female CL (non-significant relationship). 

Figure 5. Relationship between ejaculate delivered per female 
seminal receptacle and carapace length of the female in Taliepus 
dentatus. Adolescent and adult males are indicated by dots 
and triangles, respectively. Line: linear fit of adolescent males 
(significant regression). Grey area: confidence interval (± 95 %) 
of the fit. Data correspond to experimental matings under equal 
sex ratio (R v 3.4).

Figure 4. Mating characteristics of Taliepus dentatus of different 
male ontogenetic stages. (A) Average total duration of copulation 
of experimental mating pairs (n = 6 pairs per ontogenetic stage). 
(B) Average ejaculate delivery per female seminal receptacle (n 
= 6 pairs per ontogenetic stage). P-value is indicated. Values are 
means + SE (R v 3.4).
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In adolescent crabs, the percentage of initial VDW 
transferred during mating and the CL of the female 
showed a significant, but weaker, fit to a linear model 
(equation: percentage of VDW delivered in one mating 
= -65.823 + 1.307 × (CLF); R2 = 0.44, F1, 7 = 7.228, 
p = 0.031); while in adult males no such relationship 
was detected (Fig. 6).

Discussion

The vasa deferentia of T. dentatus are remarkable 
structures inside the cephalothoracic cavity of male 
crabs. The VSI showed some seasonal f luctuations, but 
the laboratory matings were observed nearly all months 
of the year, indicating a continuous reproductive 
pattern, but with a greater intensity in winter and 
spring. The seasonal means of the VSI in T. dentatus 
ranged from 0.18 to 0.28 %. The VSI in Metacarcinus 
edwardsii (Bell, 1835) and Lithodes santolla (Molina, 
1782) are 0.14 % (recalculated according to Pardo 
et al., 2015) and 0.047 % (Pretterebner et al., 2019), 
respectively, but can also be as large as approximately 
6 %, as in Homalaspis plana (H. Milne Edwards, 1834) 
(Pardo et al., 2019). Compared with these other 
species, the VSI of T. dentatus was intermediate and 
suggests that the kelp crab invests a significant part 
of its energy in reproductive development, constantly 
producing large quantities of seminal material and 
recovering it relatively fast after mating (Pretterebner 
and Pardo, 2020). The VSI has been calculated for 
other crustacean species, but based on wet weight 
and the entire body (with legs and chelae) weight 
(reviewed by Sainte-Marie, 2007). This makes a 
comparison with the VSI based on dry weight and 
body weight only (less legs and chelae), impossible. 
In fact, Sainte-Marie (2007) recommended the use 
of the body weight without legs and chelae to increase 
accuracy of the VSI in crustaceans.

Table 1. Model building results of the linear model of ejaculate weight delivered per seminal receptacle in Taliepus dentatus. Independent 
variables include: CLF: carapace length of female; CLM: carapace length of male; CLF:M: difference between female and male carapace 
length (%); VDWafter: vasa deferentia dry weight after mating; Eold: ejaculate stored in seminal receptacle of female; OVI: female 
non-ovigerous or ovigerous; ODW: ovaries dry weight; and ONT: male ontogenetic stage (i.e., adolescent or adult). Degrees of 
freedom (df), residual deviance (Resid. Deviance), residual degrees of freedom (Resid. df), and Akaike information criterion (AIC) 
are given. Bold: best model.

Variables df Resid. deviance Resid. df AIC value

CLF + CLM + CLF:M + Eold + OVI + ODW + VDWafter + ONT 1947.1 15 123.5

CLF + CLM + CLF:M + Eold + OVI + ODW + VDWafter 1 1953.7 16 121.6

CLF + CLM + CLF:M + Eold + OVI + ODW 1 2039.5 17 120.6

CLF + CLF:M + Eold + OVI + ODW 1 2098.1 18 119.3

CLF + Eold + OVI + ODW 1 2228.3 19 118.7

CLF + Eold + OVI 1 2321.0 20 117.7

CLF + Eold 1 2449.2 21 117.0

CLF 1 2608.9 22 116.5

Figure 6. Relationship between percentage of initial vasa 
deferentia dry weight (VDW) transferred during mating and 
carapace length of the female in Taliepus dentatus. Adolescent 
and adult males are indicated by dots and triangles, respectively. 
Line: linear fit of adolescent crabs (significant regression). Grey 
area: confidence interval (± 95%) of the fit (R v 3.4).
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In T. dentatus mating and molting were not linked 
and occurred during the female “hard-shelled” stage. 
This indicates the strategy of determinate growth in 
females, which predominates in majoids (Hartnoll, 
1963; Jones and Hartnoll, 1997; McLay and López 
Greco, 2011). Similarly, females of several other spider 
crabs mate predominately “hard-shelled” such as 
Inachus dorsettensis (Pennant, 1777) (Jones and 
Hartnoll, 1997), L. emarginata (see Hinsch, 1968), 
L. spinosa (see Sal Moyano and Gavio, 2012) and Maja 
squinado (Herbst, 1788) (González-Gurriarán et al., 
1998). In other species in the superfamily Majoidea, 
such as C. opilio (Elner and Beninger, 1995) and 
Chionoecetes bairdi Rathbun, 1924 (Adams and Paul, 
1983; Paul, 1984), which both belong to the family 
Oregonidae, the first female mating occurs post-molt 
(i.e., soft-shelled) and subsequently matings in the 
“hard-shelled” stage.

The intensity of reproduction in T. dentatus seems 
particularly high as males completed matings with 
non-ovigerous and ovigerous females. The results 
also indicate that these females were always receptive 
to mating after the terminal molt, and that no sperm 
plug was formed to prevent additional males from 
mating. In some other majoids, females are also able 
to mate any time (McLay and López Greco, 2011). In 
species of the family Epialtidae such as L. emarginata 
(see Hinsch, 1968) and Pugettia producta (Randall, 
1840) (Knudsen, 1964) mating with ovigerous 
females have also been registered. Generally, this 
behavior has been reported in various species of the 
superfamily Majoidea (Berry and Hartnoll, 1970; 
Sainte-Marie et al., 1997; 1999; González-Gurriarán 
et al., 1998; Carmona-Suárez, 2003) and in some 
species of Portunidae (Norman, 1996; Norman et al., 
1997; 1999) and Ocypodidae (Goshima et al., 1996; 
Jennings et al., 2000). Copulation with ovigerous 
females has been mainly reported in females with eggs 
in late developmental stages (Norman, 1996; Norman 
et al., 1997; 1999; González-Gurriarán et al., 1998). 
Copulation with females that are carrying eggs may 
have implicit risks of egg loss for females and in T. 
dentatus this may be compensated for by producing 
broods year-round.

Males of T. dentatus that still had not reached 
morphometric maturity (i.e., non-terminally-molted) 

were able to engage successfully in matings, which 
indicates that functional sexual maturity (i.e., the 
ability to copulate and transfer ejaculate; Elner and 
Beninger, 1989; Sainte-Marie et al., 2008) was attained 
prior to morphometric maturity. Accordingly, this 
corroborates that two types of males readily mated, 
but at different ontogenetic stages.

The behavior of pre- and post-copulatory guarding 
and copulation of T. dentatus was similar to previous 
descriptions in related crabs (Hartnoll, 1997; Sal 
Moyano and Gavio, 2012). Brief pre-copulatory 
guarding was displayed in both, adolescent and adult 
males, lasting on average 0.4 and 0.48 h, respectively. 
Post-copulatory mate guarding was present in the 
majority of  both, adolescent and adult males, lasting 
on average 2.4 and 2.62 h, respectively. However, this 
behavior was f lexible, and highly variable in duration, 
in both male ontogenetic stages. Post-copulatory 
guarding is present in most of the majoid species 
studied such as in L. emarginata (see Laufer and Ahl, 
1995), L. spinosa (see Sal Moyano and Gavio, 2012), I. 
dorsettensis (see Jones and Hartnoll, 1997) and C. opilio 
(see Sainte-Marie et al., 1997), whereas it is absent in 
M. squinado (see González-Gurriarán et al., 1998). 
Post-copulatory guarding differs between distinct 
ontogenetic stages in C. opilio (see Sainte-Marie et 
al., 1997), L. emarginata (see Sagi et al., 1994) and 
L. spinosa (see Sal Moyano and Gavio, 2012) and is 
commonly absent in adolescents, but found in adults.

In the present study, duration of copulation, 
ejaculate quantity received by females and frequency 
of repeated matings varied with male ontogenetic 
stage: adolescents delivered less ejaculate in repeated 
short copulations, whereas adults usually transferred 
more ejaculate in a single extended copulation. 
Similarly, in C. opilio the mating behavior of the 
two male developmental stages are characterized by 
abbreviated pre-copulatory guarding, several brief 
copulations and optional post-copulatory guarding in 
adolescents vs. pronounced pre- and post-copulatory 
guarding behavior and one long copulation in adults 
(Sainte-Marie et al., 1997). In L. spinosa the two male 
morphotypes have a similar duration of copulation 
but differ in duration of both pre- and post-copulatory 
guarding (Sal Moyano and Gavio, 2012). In this study, 
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duration of both pre- and post-copulatory behaviors 
did not differ between male ontogenetic stages.

The ability of males to adjust the ejaculate amount 
proportionally to female size was highly evident in 
adolescent males, which was ref lected in a good fit of 
the significant relationship between ejaculate delivery 
and female size. Complementary to the absolute 
values of ejaculate delivery, adolescent males scaled 
the percentage of initial VDW transferred during 
mating to the CL of the female, which was ref lected 
in a significant relationship, but with a weaker fit. 
Absolute (i.e., amount of ejaculate delivery) and 
relative values (i.e., % of VDW delivered) of ejaculate 
allocation support the case that adolescent males 
were able to tailor ejaculate delivery in relation to 
female size. Consequently, this strongly suggests that 
in adolescent males ejaculate allocation was strategic 
with regard to female size. This indicates that the 
alternative explanation, that adolescent males expend 
ejaculate arbitrarily, simply according to their available 
seminal reserves, and as a result of a limited capacity 
to deliver ejaculate, is unlikely. Further, the remaining 
VDW after mating was not selected by the linear 
model to explain ejaculate delivery.

In contrast, female size-dependent ejaculate 
allocation (the amount of ejaculate and % of VDW 
delivered) was not detected in adult males. In adult 
males ejaculate allocation was independent of the 
reproductive variables tested. Adolescent males 
prudently allocated their seminal reserves in response 
to female size (a proxy of female fecundity) and on 
average invested less ejaculate in each female than 
adult males. This suggests that a prudent strategic 
allocation of ejaculate according to the reproductive 
return of the female might be relatively more important 
for adolescent males than for adult males. Probably, 
in T. dentatus ejaculate allocation patterns dependent 
on ontogenetic stage may be explained by distinct 
resource investment to different requirements. 
Adolescent males still have not reached their terminal 
molt and are still in the growth process. Their limited 
surplus energy reserves may be partitioned between 
maintenance, production of gametes and somatic 
growth, which may be a trade-off between investing 
surplus energy to distinct requirements. This may 
highlight the importance for adolescent males to 
economically and strategically use their seminal 

material. In adult males which have ceased to grow 
after the terminal molt, it may not be necessary to 
invest surplus energy into somatic growth. Their 
surplus energy may solely be assigned to reproduction, 
which emphasizes the irrelevance of a judicious 
ejaculate allocation for adults. In comparison in 
another decapod species, such as Rhynchocinetes 
typus H. Milne Edwards, 1837, males of the ‘robustus’ 
ontogenetic stage (i.e., terminal molt stage) apparently 
allocate spermatophores strategically to female size, 
but males of the ‘adolescent’ stage do not (Hinojosa 
and Thiel, 2003). Possibly the risk of displacement 
during mating is much higher in R. typus, and so the 
adolescent males have to be very fast and transfer 
spermatophores without first sizing up the female 
because of the high risk of displacement by dominant 
males. In opposition, in T. dentatus, the risk of 
displacement during copulation is probably rather 
low and adolescent males have enough time to evaluate 
the female and are then able to allocate strategically. 
This comparison is interesting, but it concerns a 
shrimp in which spermatophores are attached by 
the male externally to the ventral side of the female 
abdomen (Correa et al., 2000), and a brachyuran 
crab in which females possess seminal receptacles to 
store ejaculate internally. More evidence concerning 
strategic ejaculate allocation is needed from species 
in which several stages of males participate in the 
copulation process.

Sainte-Marie et al. (1997) suggested that the 
two contrasting mating behaviors according to 
male ontogenetic stages (several short copulations 
vs. single long copulation) in C. opilio represented 
distinct mating tactics, resembling the “re-mater” 
and “resistor” types described in insects. Alternative 
mating tactics have been reported in a wide variety of 
crustacean species (Shuster, 2008), including spider 
crab (Majoidea) species, in which distinct patterns of 
mating behavior in different morphotypes, associated 
with male ontogenetic stage within single populations, 
have been demonstrated (Laufer and Ahl, 1995; Sainte-
Marie et al., 1997; Sal Moyano and Gavio, 2012). The 
morphological differences between morphotypes are 
based on the relationship between the size of chelae 
and body (Homola et al., 1991; Comeau and Conan, 
1992; Stevens et al., 1993; Sampedro et al., 1999; Mura 
et al., 2005; Sal Moyano et al., 2010), which can exist 
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as a result of sexual maturity processes associated with 
the specific growth pattern. Our findings suggest that 
the distinct mating tactics of the two different male 
ontogenetic stages in T. dentatus may be modulated 
by the capacity of seminal material production.
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