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Journal format (which requires that Abbreviations and symbols are listed 
below the table).  
-We have shortened the abstract to adjust it to the 150 words limit.  
 

 

 

 

Response to Reviews



2 
 

RESPONSE TO REVIEWER 2 (INDICATED IN GREEN IN THE MS) 

 

1 Reviewer 
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2 Reviewer 
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Larvae from Experiment 2 were all measured on the same day (day 11 after 
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protocol guaranteed that hatch time was the same for all the embryos.  
It is on Experiment 1 (observational) where larvae hatched naturally at day 
13 of development.  
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We decided to clarify this in the MS by completing the sentence in lines 208-
209 page 9: “(thus guaranteeing that the hatch time was the same for all the 
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Abstract 19 

In fishes, the parents’ presence improves embryos’ survival through parental care but it 20 

is also associated with some disadvantages such as clutch cannibalism and male 21 

physical condition loss. Captive breeding of the river blenny Salaria fluviatilis might 22 

improve if these disadvantages were avoided by artificially replacing parental care 23 

benefits in the lab. Before accepting this procedure, it should be studied whether 24 

embryo development is dependent or not on any other unknown effect related to the 25 

parents’ presence. In this study, the ontogenetic sequence and some morphological 26 

structures (standard length, head height, jaw length and yolk-sac volume) from embryos 27 

reared both in the presence and in the absence of the parents were compared. In the 28 

parents’ absence treatment, well-developed embryos were obtained, but a smaller size 29 

of the yolk-sac, a greater head height and a greater jaw length than in the parents’ 30 

presence treatment were found  at day 11 after oviposition.  31 
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Introduction 43 

 44 

Although fish parental care is associated with an increase in the embryos’ survival 45 

(Clutton-Brock, 1991) it entails some disadvantages. For example, some behaviours 46 

such as filial cannibalism often produce significant looses in the number of embryos 47 

both in nature (Manica, 2002) and under captivity conditions (Schwanck, 1986). 48 

Furthermore, the energetic expenditure associated with parental care produces a 49 

decrease in the physical condition of the progenitors involved that might compromise 50 

their future reproduction (Sabat, 1994; Smith & Wootton, 1995). These circumstances 51 

introduce an interesting question. Does the presence of the parents still benefits embryo 52 

development under controlled conditions (absence of both predators and pathogens and 53 

suitable oxygen supply)? If the answer is no, parents could be removed from the aquaria 54 

containing clutches, thus avoiding egg cannibalism, preventing  male condition loss and 55 

increasing the possibility of further matings. There are no studies addressing these 56 

topics so far. Information related to the care of the eggs has a practical application for 57 

the captive breeding of endangered species. 58 

Fish eggs show certain permeability to external substances (Potts & Rudy, 1969). 59 

Consequently, embryo development could potentially be affected by pheromones 60 

released by conspecifics. Testosterone and other hormones secreted by the parental male 61 

(Katsel et al., 1992; Stacey & Cardwell, 1997) might penetrate the eggs. It has been 62 

shown that, in some vertebrates, androgen levels before birth have an effect on 63 

development (Staub & De Beer, 1997). In fishes, testosterone has been described to 64 

have an effect on yolk utilization rates (McCormick, 1999). Several substances released 65 

through the skin or through specialized structures like the anal glands in blennies 66 

(Serrano et al., 2008) might contain compounds with an effect on embryo development. 67 
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Even the sperm, that some parental males release repeatedly on clutches (e.g., 68 

Marconato et al., 1996), might have some kind of effect (Kekäläinen et al., 2010). 69 

Similarly, female presence could affect embryo development directly through the 70 

multiple hormones they release (Sorensen & Stacey, 2004) or indirectly through the 71 

effects on the male behaviour which increases parental care in the presence of females 72 

(Pampoulie et al., 2004). All these aspects suggest that the mere presence of parents in 73 

the nest could play a role in the growth of the embryo.  74 

The river blenny Salaria fluviatilis (Asso 1801) is a freshwater fish from the 75 

Blenniidae family that lives in rivers and lakes in the Mediterranean basin and in 76 

Portugal. This species is classified as vulnerable or endangered in many of the countries 77 

where it occurs (see Vinyoles & Sostoa, 2007). During the breeding season, males 78 

excavate a nest cavity under a stone, and females lay monolayer clutches of eggs under 79 

the stone. Females are multiple spawners and they lay from 600 to more than 3000 eggs 80 

(depending on their body size) in clutches of 300-600 eggs (Vinyoles & Sostoa, 2007). 81 

After fertilization, only males provide care to the eggs by fanning and defending them 82 

until they hatch. Several females might spawn with one male, which guards the eggs at 83 

different stages of development (Neat et al., 2003). Eggs are demersal and adhesive; 84 

embryos are sensitive to low oxygen concentration and they hatch in about 14 days at 85 

20 ºC (Wickler, 1957). 86 

For S. fluviatilis, embryo development and larvae description have been reported by 87 

Gil et al. (2010). These authors proposed an efficient method to breed this species. 88 

However, they found a high mortality of larvae in the first stages of development (85% 89 

of the individuals). Fry recruitment in captivity might be improved by increasing 90 

embryo production. One possibility to attain this goal would be to maintain the clutches 91 

separated from the parents in fish species presenting egg care, thus avoiding egg 92 
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cannibalism. Filial cannibalism and heterocannibalism occur in S. fluviatilis (Vinyoles 93 

et al., 1999). However, before accepting this possibility, parental presence effects on 94 

embryo development need to be better understood.  95 

This study examines, for the first time in fishes, the potential effects of the absence 96 

of parents on the development of embryos under controlled conditions in the laboratory. 97 

The main objective was to analyze if there were morphological differences between 98 

embryos reared in the presence and in the absence of the parents. Two experiments were 99 

conducted in order to determine the effects of parental presence on the ontogenetic 100 

sequence of embryos and on the embryos’ morphological development, respectively. 101 

Results will be discussed focusing on captive breeding improvement and future 102 

conservation programmes. 103 

 104 

 105 

Material and methods 106 

 107 

Methodological procedure was based on the experimental design proposed by Gil et al. 108 

(2010) who studied the embryo and larvae development of S. fluviatilis from eggs 109 

maintained in the parents’ presence. Two experiments were conducted from April to 110 

July 2011 (Experiment 1: Parental presence effect on the embryonic ontogenetic 111 

sequence) and from April to July 2012 (Experiment 2: Parental presence effect on the 112 

embryonic morphological development). Wild fish were used in both experiments. Fish 113 

were caught in the River Segre (a tributary of the Ebro Basin), close to the locality of 114 

Camarasa (Spain) both in November 2010 (Experiment 1) and November 2011 115 

(Experiment 2). Experiment 1 permitted the comparison of the ontogenetic sequence of 116 

embryos reared "with parents" (treatment W) with that of embryos reared "without 117 
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parents" (treatment W/O) and allowed to determine: (1) the physicochemical and 118 

antiseptic conditions needed to guarantee embryos survival, (2) a detailed experimental 119 

procedure (including, for example, the clutch division for the experimental treatments: 120 

W and W/O), (3) the time of the day when females lay eggs more frequently, and (4) the 121 

most suitable day for the induction of egg hatching. After the experience gained in 122 

Experiment 1, Experiment 2 permitted the comparison between treatments of some 123 

specific morphological characteristics at the end of embryonic development. After the 124 

experiments, fish were returned to the same place where they had been caught. The 125 

protocol of this study was approved by the Research Ethics Committee of the University 126 

of Barcelona (Registration nº 220111) and was in accordance with decree 214/97 from 127 

the Government of the Generalitat de Catalunya. 128 

 129 

Experiment 1: Parental presence effect on the embryonic ontogenetic sequence 130 

 131 

Five males (with total lengths between 100 and 135 mm) and 15 females (with total 132 

lengths from 75 to 100 mm) were maintained in a 260 l aquarium (hereafter referred to 133 

as general aquarium) supplied with a biological filter and PVC refuges.  Eight 30 l 134 

aquaria were settled (hereafter referred to as experimental aquaria), four of them with 135 

the purpose of maintaining clutches under the treatment W and the other four intended 136 

for maintaining clutches under the treatment W/O. All these aquaria were located in a 137 

climatized room (20 ºC) and under a light regime of 12 h L: 12 h D (hours Light: hours 138 

Darkness). Each experimental aquarium had a biological filter, sand substratum 139 

(composed of a mixture of sand, gravel and coral), one artificial nest (already accepted 140 

by fish in previous essays) and an air-diffuser. Every nest consisted of a transparent 141 

plastic box (13.5 cm large x 7 cm height x 12 cm deep) opened at one side (this opening 142 
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acting as the entrance) and with the ceiling substituted by a squared glass (to prevent the 143 

structure from floating). The nest inner walls (including the ceiling) were covered with 144 

black acetate sheets that were fixed with plastic clips. This configuration permitted the 145 

removal of the sheets from the nests in order to manipulate the clutches easily.  146 

Physicochemical water conditions were controlled daily in all the experimental 147 

aquaria. Oxygen concentration at the nest entrance over the study (mean ± SD = 8.3 ± 148 

0.2 mg l
-1

) was similar to the one found throughout the reproductive period of S. 149 

fluviatilis in natural conditions (Vinyoles et al., 1999). Other physicochemical 150 

parameters were also controlled: pH (mean ± SD = 7.5 ± 0.5), water temperature (mean 151 

± SD = 23.1 ± 0.2 ºC), NO2 (mean ± SD = 0.04 ± 0.05 mg l
-1

), NO3 (mean ± SD = 10.0 152 

± 0.0 mg l
-1

) and NH4
+
 (mean ± SD = 0.06 ± 0.02 mg l

-1
). The mean value for all these 153 

parameters was not significantly different between treatments W and W/O (all Mann-154 

Whitney U-test, P > 0.05) in this experiment. Throughout the study (both in the general 155 

and experimental aquaria) fish were fed once a day with frozen quironomidae larvae 156 

and, once a week, with fresh mussels.  157 

When, in the general aquarium, a fish couple presented sexual activity (i.e., the 158 

male showed courtship behaviour and the female was gravid and had stripped 159 

colouration) it was moved to one of the four 30 l experimental aquaria assigned to the 160 

treatment W. In these aquaria, egg laying was controlled twice a day (at 8:00 a.m. and at 161 

8:00 p.m.). When a clutch was found it was split into two similar halves (one to be kept 162 

by the parents and the other to be kept alone) following the next steps: (1) careful  163 

removal of the acetate sheet containing the clutch  from the nest and its placing inside 164 

one of the aquaria of the W/O treatment (this move was done inside a small container 165 

full of water to prevent air contact and consequential infections), (2) once inside this 166 

aquarium W/O, we split the acetate sheet into two similar halves using surgical scissors 167 
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(making sure not to break the eggs and following a random cut direction) and we took a 168 

picture (through the aquarium wall) which made it possible to define the clutch borders 169 

and to distinguish eggs added afterwards, (3) one of the two halves was randomly 170 

chosen and was left in the nest of the aquarium W/O in an equivalent position to the one 171 

found in the aquarium W , (4) the other half clutch was returned to the aquarium W  in 172 

its original position (the hole generated in the sheet by the clutch division was 173 

substituted by a new piece of sheet to maintain continuity), and (5) the addition of a 174 

methylene blue solution in both aquaria (one dose of 4 ml from a dilution of methylene 175 

blue with concentration 6.8 g l
-1

). Methylene blue is a common treatment to prevent 176 

fungal infection in fishes’ eggs and fingerlings (Bolívar et al., 2001) and in low doses it 177 

is not harmful to embryos (Hayes, 1930). Clutch division was done in the aquaria W/O 178 

to reduce fish stress during manipulation. Although in natural conditions many females 179 

lay eggs in one male nest (Neat et al., 2003), only one female per aquarium was 180 

provided to control for the possible maternal effect on embryos’ development. This 181 

female was left in the W treatment for the 11 days clutch development period in order to 182 

simulate a realistic environment. During reproduction, female presence in the proximity 183 

of nests is the prevalent condition (Neat et al., 2003) and we expected that this is 184 

required to both stimulate male parental care and prevent male total clutch cannibalism 185 

behaviour (Kvarnemo et al., 1998). In this experiment, all the females laid eggs between 186 

8:00 a.m. and 8:00 p.m. (this timeframe coincided with the 12h L period of the light 187 

cycle). A sample of five eggs was collected daily from each half clutch (treatments W 188 

and W/O) since the day the eggs were detected for the first time until they hatched. 189 

Eggs were removed by suctioning with a pipette. Embryo manipulation and ontogenetic 190 

description were done following Gil et al. (2010). Fish couples who finished 191 

successfully a clutch were removed from the experiment (and maintained in a different 192 
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aquarium, similar to the general one, until the end of the study). Experimental aquaria 193 

were reused for new couples, after being cleaned. Fish couples that cannibalized their 194 

clutches were returned to the general aquarium to start again the selective process. 195 

Eggs were removed until day 12 after oviposition and it was found that hatching 196 

occurred between day 12 and day 13 (at water temperature = 23 ºC) as described by Gil 197 

et al. (2010). As environmental stress accelerates hatching in fishes (e.g., Czerkies et al., 198 

2001) we induced hatching artificially through immersion in water at 13 ºC during 5 199 

minutes on day 11 (after oviposition). At that date embryos’ development was almost 200 

complete and the morphological structures were well defined and easy to compare. 201 

 202 

Experiment 2: Parental presence effect on the embryonic morphological development  203 

 204 

11 males (ranging from 75 to 90 mm in total length) and 11 females (from 60 to 100 205 

mm total length) were used in this experiment. The protocol was the same as in 206 

Experiment 1 but, in this case, a single sample of eggs per couple was collected. 207 

Hatching was induced day 11 after oviposition (thus guaranteeing that the hatch time 208 

was the same for all the embryos). Physicochemical parameters (see Experiment 1 for 209 

more details) were not significantly different between treatments W and W/O (all 210 

Mann-Whitney U-test, P > 0.05). 211 

About 20-25 just-hatched embryos from each experimental treatment (W and W/O) 212 

were submitted to a lethal dose (150 mg l
-1

) of tricaine methanesulfonate (MS-222) in a 213 

Petri plate. Pictures were taken in the lab (using a digital camera - optika microscopes 214 

Italy, 7M- fixed to a stereo microscope) and structures were measured afterwards using 215 

the software Sigma Scan Pro 5. Morphological variables measured in newborn embryos 216 

were: standard length (distance comprised between the tip of the snout and the posterior 217 
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edge of the hypural plate), head height (vertical line measured at the level of the 218 

operculum), jaw length (distance from the extreme caudal end to the tip of the Meckel’s 219 

cartilage), and yolk-sac volume. The latter variable was measured following Heming & 220 

Buddington (1988) formula: YSV = 0.1667 π LH
2
, where H is the yolk-sac minimum 221 

diameter and L the yolk-sac maximum diameter. After measuring just-hatched embryos, 222 

males and females were anesthetized (with MS-222) and measured (total length) before 223 

being removed from the experiment (and maintained in an aquarium similar to the 224 

general one until the end of the study). 225 

 226 

Statistical analysis 227 

 228 

Before the statistical analyses a log (x + 1) transformation of the morphological 229 

variables was done in order to adjust to normality. All analyses were performed using 230 

the free software R version 2.15.2 (R Core Team, 2012).  231 

In order to study the effect of the experimental condition on embryo development, 232 

and taking into account the fact that clutch number is a random factor, it is adequate to 233 

analyze these data with a linear mixed model. The following model was considered for 234 

each one of the embryos’ morphological variables (see a similar example in Pinheiro & 235 

Bates, 2000): , where  is the morphological variable 236 

measured for the kth egg from the ith clutch under the jth treatment. Thus,  is the 237 

fixed effect for treatment (W or W/O). This model has random effects at two levels: the 238 

effects for clutch and the effects  for the type of treatment within each clutch (this 239 

allows to assess the presence of interactions between clutch and treatment). 240 

Models were carried out with the lme function from the R package nlme (Pinheiro 241 

et al., 2012). Residual distribution fit to normality was verified by visual inspection of 242 
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normal probability plots. The conditional coefficient of determination (Cond. r
2
, which 243 

describes the proportion of variance explained by both the fixed and random factors) 244 

and the marginal coefficient of determination (Mar. r
2
, which describes the proportion 245 

of variance explained by the fixed factor alone) were calculated following Nakagawa & 246 

Schielzeth (2013). When multiple tests were performed, significance levels were 247 

corrected using the sequential Bonferroni method (Rice, 1989). Real probability values 248 

are reported throughout. 249 

Within each experiment, clutches that provided the embryos came from 250 

independent parental pairings (once the protocol completed for one clutch, the 251 

progenitors involved were separated in a different aquarium and could not be selected 252 

again). However, data concerning cannibalism were obtained from pairings in which the 253 

male, the female, or both, could have intervened in a previous unfinished clutch. This 254 

repetition was necessary to obtain enough clutches. 255 

 256 

 257 

Results 258 

 259 

Fish in both experiments were sexually active from April onwards. All males exhibited 260 

paternal care: anal gland rubbing on the clutches, nest guarding and egg fanning. In both 261 

experiments all the eggs presented a normal development and succeeded to hatch. No 262 

deteriorated or infected eggs (by fungus or bacteria) were found.  263 

 264 

Experiment 1: Parental presence effect on the embryonic ontogenetic sequence 265 

 266 
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Only five of the 19 clutches laid in the artificial nests were available to obtain a 267 

complete ontogenetic sequence under the two experimental treatments. This was 268 

because 74% of clutches were cannibalized in the aquaria under the experimental 269 

treatment W. Physicochemical and antiseptic conditions established in the experimental 270 

design proved to be adequate. The sequence of ontogenetic events observed by visual 271 

inspection in embryos under the treatment W was not different than that maintained 272 

under the treatment W/O (fig. 1). The ontogenetic sequence found was identical to that 273 

described by Gil et al. (2010). 274 

  275 

Experiment 2: Parental presence effect on the embryonic morphological development  276 

 277 

13 clutches were obtained but only five could be used for the analyses (the other eight 278 

were rejected because they were cannibalized). A similar number of embryos from each 279 

half clutch (one half for each experimental treatment) were photographed (table 1). All 280 

morphological variables were correlated to each other except jaw length and yolk-sac 281 

volume (Pearson correlations; standard length and head height: rp = 0.79, P < 0.05; 282 

standard length and jaw length: rp = 0.57, P < 0.05; standard length and yolk-sac 283 

volume: rp = -0.21, P < 0.05; head height and jaw length: rp = 0.64, P < 0.05; head 284 

height and yolk-sac volume: rp = -0.35, P < 0.05; jaw length and yolk-sac volume: rp = -285 

0.02, P > 0.05). 286 

Apart from standard length, the remaining morphological variables (head height, 287 

jaw length and yolk-sac volume) showed differences related to the presence or absence 288 

of parents (table 2). Both head height and jaw length presented higher values in the 289 

treatment W/O, while the yolk-sac volume showed higher values under the treatment W 290 

(figs. 2, 3). The yolk-sac volume was the morphological variable in this study which 291 
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presented the higher variability between clutches (fig. 2). Although the models indicated 292 

development differences between the two experimental treatments (W and W/O), the 293 

general low values of the marginal r
2
 (table 2) express the small contribution of parents 294 

presence to the variability as compared to the one explained by clutch (conditional r
2
). 295 

Among all the variables, jaw length showed the lowest variability between clutches.  296 

 297 

 298 

Discussion 299 

 300 

Parents’ absence did not prevent the obtainment of well-developed embryos without 301 

malformations. However, embryos 11 days old showed differences in their 302 

morphological traits (yolk-sac volume, head height and jaw length) depending on 303 

whether they had been kept with or without the parents. This result represents a novelty 304 

because, so far, eggs were supposed to receive the hormones related to embryo 305 

development solely in the female’s ovary (Sampath-Kumar et al., 1997). Although this 306 

study did not prove external hormone transmission from parents to eggs, results suggest 307 

that this might be possible. Embryos kept in the “with parents” treatment had a more 308 

developed yolk-sac at day 11 than embryos kept under the “without parents” treatment. 309 

Yolk-sac absorption rate is closely related to environmental factors and it accelerates 310 

under stress conditions, such as, for example, when temperature increases (Fukuhara, 311 

1990) or oxygen concentration drops (Hamor & Garside, 1977). However, in this study, 312 

temperature and oxygen concentrations were similar in all aquaria (as were the other 313 

physicochemical conditions unrelated to progenitor fish), which means that the 314 

differences found must be attributed to the experimental treatments. In the peacock 315 

blenny (S. pavo) males release a species-specific odor that attracts reproductively 316 
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competent females (Serrano et al., 2008). This odor consists of hydrophilic odorants 317 

from the anal gland that the male releases in a slowly and sustained pattern (peptides 318 

and peptide-derivates) and less hydrophilic odorants that possibly originate from the 319 

testes or blind pouches (glycoproteins and steroids such as 11-ketotestosterone and 320 

glucuronides). An effect of such hormones released by the male (androgens) seems 321 

plausible. In a previous work, McCormick (1999) found that eggs injected with 322 

testosterone had a slower yolk absorption rate than eggs without manipulation. In 323 

accordance with this author’s findings, in this study, embryos reared in the presence of 324 

the parents (treatment that might have been influenced by 11-testosterone and other 325 

steroids since the male is in close contact with the eggs) presented more developed 326 

yolk-sac than embryos without parents. In another study, Kekäläinen et al. (2010) found 327 

that many males releasing sperm simultaneously increased environmental steroid 328 

concentration (compared to the treatment with just a single male) with a similar effect 329 

on yolk-sac absorption. It is not known, however, how hormones released by the female 330 

could have influenced yolk-sac development. The father (sole carer of the eggs in this 331 

species) is probably the parent that contributes to help embryos to make a more efficient 332 

use of their yolk-sac and to have greater energetic resources at birth (thus increasing 333 

survival opportunities). However, other studies are needed to confirm this, as well as to 334 

differentiate between male and female presence effects. These approaches should 335 

ideally keep the male alone with the clutches but their design should solve first the 336 

problem of maintaining such situation without affecting male’s behaviour (i.e., parental 337 

care, cannibalism and desertion).    338 

There are many hypotheses that could explain the greater head height and jaw 339 

length development in embryos reared without the parents. A first explanation considers 340 

that male’s androgens might affect the embryos´ growth rate. Supporting this, 341 
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Srivastava & Brown (1993) found that embryos treated with testosterone grow slower 342 

before hatching. Afterwards, during the fry phase, they grow faster than individuals in 343 

the control group. It seems that the yolk-sac accumulates extrinsic hormones and, as 344 

suggested by Piferrer & Donaldson (1994), the effect of these hormones is not 345 

immediate and appears later during the development. A second possibility could be that 346 

parents’ presence affects embryos’ sexual determination. Salaria fluviatilis is a species 347 

with sexual dimorphism and, among other morphological characteristics, head size and 348 

jaw length are bigger in males than in females (Vinyoles, 1986). In blennies, no sexual 349 

chromosomes have been found for the moment (e.g., Devlin & Nagahama, 2002). In 350 

fishes, sexual determination is often dependent on environmental factors, especially 351 

temperature (Baroiller et al., 2009) and pH (Römer & Beisenherz, 1996), and frequently 352 

appears early in the developing embryo (Seki et al., 2005). Additionally, the timing and 353 

duration of exposition to certain hormones is essential for sex determination (Piferrer, 354 

2001). In some experiments performed with teleostean fishes’ eggs it was found that 355 

egg immersion into hormonal solutions affected gonad development and sexual 356 

determination (e.g., Koger et al., 2000). Usually, contact with androgens is associated to 357 

masculinisation and contact with estrogens to feminisation (Yamamoto, 1969).  358 

Results revealed a greater variability between clutches than between the treatments 359 

within a clutch in the second experiment. This could be attributed to maternal (e.g., 360 

Marteinsdottir & Steinarsson, 1998) and paternal (e.g., Butts & Litvak, 2007) effects 361 

related to the particular traits of the parents used in this experiment. Although the 362 

present study was not designed to relate the parents’ characteristics to the embryos’ 363 

development, the results encourage future investigations to delve deeper into this aspect. 364 

There are many factors that have been described to affect parental care investment 365 

such as temperature (Shuter et al., 1980), oxygen (Lissåker et al., 2003) and the 366 
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presence of predators (Steinhart et al., 2005). An increase in cannibalism has been 367 

associated to both clutch reduction (Lindström & Sargent, 1997; Lissåker et al., 2003) 368 

and female scarcity (Kvarnemo et al., 1998). Our design required the division of each 369 

clutch into two experimental conditions (with and without the parents) and this reduced 370 

clutches’ size. The presence of only one female was considered also necessary to 371 

homogenize embryo variability all across the clutch. Such conditions did not suppress 372 

parental care or promote male desertion throughout the experiments. Although male 373 

behaviour has probably been altered to a certain extent by this experimental design, the 374 

fact that parental care still persisted allows us to assume that the effect on embryo 375 

development is similar to that in natural conditions, although it may be less pronounced. 376 

Apart from the presence or absence of the parental fish, all the clutches were under 377 

similar experimental conditions and the differences found are not attributable to 378 

differences in manipulation. 379 

It should be noted that in both experiments a high occurrence of total clutch 380 

cannibalism was observed (more than a half of the clutches obtained were discarded for 381 

this reason). This result must be interpreted with prudence since there was not an 382 

individual identification of the fish in the general aquarium and some of them could 383 

have intervened in more than one attempt to obtain useful clutches. This situation might 384 

have inflated the proportion of the cannibalism observed. Proportion of egg cannibalism 385 

attributable to the male or to the female was not possible to discern. However, its high 386 

occurrence probably was due to the limited size of the clutches after being divided into 387 

two parts. Cannibalized clutches did not participate in the analysis avoiding the possible 388 

effect of male removing specific eggs on the observed differences. Furthermore, it must 389 

be said that, in this species, cannibalism is probably not selective. In a previous study 390 
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based on the analysis of gastrointestinal contents (see Vinyoles et al., 1999) authors 391 

found that eggs consumed by the males were healthy and well-developed. 392 

In summary, results from this study suggest that parents’ presence has an effect on 393 

the embryonic development and possibly also on the sexual determination of progeny. 394 

This circumstance makes it advisable to maintain parents with their clutches. Future 395 

investigations are needed to describe paternal and maternal effects on the size and the 396 

phenotype of embryos, the survival rate of larvae reared with and without parents, and 397 

the male hormonal effect on clutches.  398 
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FIGURE CAPTIONS 537 

 538 

Figure 1. Morphological structures in the embryos of Salaria fluviatilis are listed in the 539 

boxes corresponding to the day of first apparition in Experiment 1. In both treatments 540 

(W and W/O the parents) the sequence was the same. This description followed Gil et 541 

al. (2010) and obtained equivalent results.  542 

 543 

Figure 2. Standard length, yolk-sac volume, head height and jaw length  (mean ± 95% 544 

CI) measured in 11 days old Salaria fluviatilis embryos reared with (Treatment W) and 545 

without (Treatment W/O) the parents for each clutch, are shown for Experiment 2. 546 

 547 

Figure 3. Comparison of Salaria fluviatilis embryos on day 11 of development between 548 

the two experimental treatments (W and W/O the parents) in Experiment 2. It can be 549 

appreciated from the images that greater head heights and jaw lengths are found in the 550 

Treatment W/O, whereas a greater yolk-sac volume is found for Treatment W. In the 551 

first image, the lines indicate how some of the variables were obtained: HH (head 552 

height), JL (jaw length) and H, L (diameters required to calculate yolk-sac volume).   553 
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Table 1. 1 

Fish total length and sample sizes (n) of measured embryos in Experiment 2. Embryos 2 

11 days old are provided for each clutch and experimental treatment. 3 

 4 

 

Clutch 

 

Male length (mm) 

 

Female length (mm)  

 

Treatment W 

(n)  

 

Treatment W/O 

(n)  

 

1 

 

90.0 

 

91.2 

 

25 

 

27 

2 75.5 68.3 20 21 

3 80.6 62.2 20 26 

4 78.8 84.9 25 25 

5 89.1 63.6 27 26 

 5 

Abbreviations and symbols: Treatment W, Treatment with parents; Treatment W/O, 6 

Treatment without parents. 7 

Table 1



   1 
 

Table 2.  1 

Linear mixed effects models predicting embryos’ development depending on the experimental treatment in 2 

Experiment 2. All variables were previously log (x+1) transformed.  3 

 4 

  

Estimates ± SE 

           

ANOVA 

 

r
2 

 

Variable 

 

Treatment W 

 

Treatment W/O 

 

F 

 

d.f. 

 

P 

 

Cond. 

 

Mar. 

 

Standard length (mm) 

  

0.72 ± 0.02 

 

0.72 ± 0.00 

 

2.18 

 

1 

 

0.140 

 

0.76 

 

0.00 

Head height (mm) 0.22 ± 0.01  0.23 ± 0.00 20.89 1 4.9e-06* 0.66 0.12 

Jaw length (mm) 0.09 ± 0.00  0.10 ± 0.00 5.77 1 0.016* 0.47 0.02 

Yolk-sac volume (mm
3
) 0.03 ± 0.01 0.02 ± 0.00 15.02 1 1.0e-04* 0.69 0.04 

 5 

Table 2



   2 
 

Abbreviations and symbols: Treatment W, Treatment with parents; Treatment W/O, Treatment without 6 

parents; Cond. and Mar., Conditional and Marginal coefficients of determination values (r
2
); *, P < 0.0125 7 

(after Bonferroni correction).  8 
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Abstract 19 

In fishes, the parents’ presence improves embryos’ survival through parental care but it 20 

is also associated with some disadvantages such as clutch cannibalism and male 21 

physical condition loss. Captive breeding of the river blenny Salaria fluviatilis might 22 

improve if these disadvantages were avoided by artificially replacing parental care 23 

benefits in the lab.  However, bBefore accepting this procedure, it should be studied 24 

whether embryo development is dependent or not on any other unknown effect related 25 

to the parents’ presence. In order to do so, In this study, the ontogenetic sequence and 26 

some morphological structures (standard length, head height, jaw length and yolk-sac 27 

volume) from embryos reared both in the presence and in the absence of the parents 28 

were compared. In the parents’ absence treatment, well-developed embryos were 29 

obtained, but a smaller size of the yolk-sac, a greater head height and a greater jaw 30 

length than in the parents’ presence treatment were found  at day 11 after oviposition. 31 

These results suggest that the parents’ presence might affect embryo development and 32 

perhaps offspring sexual determination. Therefore, the practise of depriving clutches 33 

from their parents in captivity breeding programmes should be questioned.  34 

 35 

 36 

Keywords  37 

Captive breeding; embryonic growth; freshwater blenny; ontogeny 38 

 39 

 40 

 41 
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Introduction 43 

 44 

Although fish parental care is associated with an increase in the embryos’ survival 45 

(Clutton-Brock, 1991) it entails some disadvantages. For example, some behaviours 46 

such as filial cannibalism often produce significant looses in the number of embryos 47 

both in nature (Manica, 2002) and under captivity conditions (Schwanck, 1986). 48 

Furthermore, the energetic expenditure associated with parental care produces a 49 

decrease in the physical condition of the progenitors involved that might compromise 50 

their future reproduction (Sabat, 1994; Smith & Wootton, 1995). These circumstances 51 

introduce an interesting question. Does the presence of the parents still benefits embryo 52 

development under controlled conditions (absence of both predators and pathogens and 53 

suitable oxygen supply)? If the answer is no, parents could be removed from the aquaria 54 

containing clutches, thus avoiding egg cannibalism, preventing  male condition loss and 55 

increasing the possibility of further matings. There are no studies addressing these 56 

topics so far. Information related to the care of the eggs has a practical application for 57 

the captive breeding of endangered species. 58 

Fish eggs show certain permeability to external substances (Potts & Rudy, 1969). 59 

Consequently, embryo development could potentially be affected by pheromones 60 

released by conspecifics. Testosterone and other hormones secreted by the parental male 61 

(Katsel et al., 1992; Stacey & Cardwell, 1997) might penetrate the eggs. It has been 62 

shown that, in some vertebrates, androgen levels before birth have an effect on 63 

development (Staub & De Beer, 1997). In fishes, testosterone has been described to 64 

have an effect on yolk utilization rates (McCormick, 1999). Several substances released 65 

through the skin or through specialized structures like the anal glands in blennies 66 

(Serrano et al., 2008) might contain compounds with an effect on embryo development. 67 
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Even the sperm, that some parental males release repeatedly on clutches (e.g., 68 

Marconato et al., 1996), might have some kind of effect (Kekäläinen et al., 2010). 69 

Similarly, female presence could affect embryo development directly through the 70 

multiple hormones they release (Sorensen & Stacey, 2004) or indirectly through the 71 

effects on the male behaviour which increases parental care in the presence of females 72 

(Pampoulie et al., 2004). All these aspects suggest that the mere presence of parents in 73 

the nest could play a role in the growth of the embryo.  74 

The river blenny Salaria fluviatilis (Asso 1801) is a freshwater fish from the 75 

Blenniidae family that lives in rivers and lakes in the Mediterranean basin and in 76 

Portugal. This species is classified as vulnerable or endangered in many of the countries 77 

where it occurs (see Vinyoles & Sostoa, 2007). During the breeding season, males 78 

excavate a nest cavity under a stone, and females lay monolayer clutches of eggs under 79 

the stone. Females are multiple spawners and they lay from 600 to more than 3000 eggs 80 

(depending on their body size) in clutches of 300-600 eggs (Vinyoles & Sostoa, 2007). 81 

After fertilization, only males provide care to the eggs by fanning and defending them 82 

until they hatch. Several females might spawn with one male, which guards the eggs at 83 

different stages of development (Neat et al., 2003). Eggs are demersal and adhesive; 84 

embryos are sensitive to low oxygen concentration and they hatch in about 14 days at 85 

20 ºC (Wickler, 1957). 86 

For S. fluviatilis, embryo development and larvae description have been reported by 87 

Gil et al. (2010). These authors proposed an efficient method to breed this species. 88 

However, they found a high mortality of larvae in the first stages of development (85% 89 

of the individuals). Fry recruitment in captivity might be improved by increasing 90 

embryo production. One possibility to attain this goal would be to maintain the clutches 91 

separated from the parents in fish species presenting egg care, thus avoiding egg 92 
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cannibalism. Filial cannibalism and heterocannibalism occur in S. fluviatilis (Vinyoles 93 

et al., 1999). However, before accepting this possibility, parental presence effects on 94 

embryo development need to be better understood.  95 

This study examines, for the first time in fishes, the potential effects of the absence 96 

of parents on the development of embryos under controlled conditions in the laboratory. 97 

The main objective was to analyze if there were morphological differences between 98 

embryos reared in the presence and in the absence of the parents. Two experiments were 99 

conducted in order to determine the effects of parental presence on the ontogenetic 100 

sequence of embryos and on the embryos’ morphological development, respectively. 101 

Results will be discussed focusing on captive breeding improvement and future 102 

conservation programmes. 103 

 104 

 105 

Material and methods 106 

 107 

Methodological procedure was based on the experimental design proposed by Gil et al. 108 

(2010) who studied the embryo and larvae development of S. fluviatilis from eggs 109 

maintained in the parents’ presence. Two experiments were conducted from April to 110 

July 2011 (Experiment 1: Parental presence effect on the embryonic ontogenetic 111 

sequence) and from April to July 2012 (Experiment 2: Parental presence effect on the 112 

embryonic morphological development). Wild fish were used in both experiments. Fish 113 

were caught in the River Segre (a tributary of the Ebro Basin), close to the locality of 114 

Camarasa (Spain) both in November 2010 (Experiment 1) and November 2011 115 

(Experiment 2). Experiment 1 permitted the comparison of the ontogenetic sequence of 116 

embryos reared "with parents" (treatment W) with that of embryos reared "without 117 
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parents" (treatment W/O) and allowed to determine: (1) the physicochemical and 118 

antiseptic conditions needed to guarantee embryos survival, (2) a detailed experimental 119 

procedure (including, for example, the clutch division for the experimental treatments: 120 

W and W/O), (3) the time of the day when females lay eggs more frequently, and (4) the 121 

most suitable day for the induction of egg hatching. After the experience gained in 122 

Experiment 1, Experiment 2 permitted the comparison between treatments of some 123 

specific morphological characteristics at the end of embryonic development. After the 124 

experiments, fish were returned to the same place where they had been caught. The 125 

protocol of this study was approved by the Research Ethics Committee of the University 126 

of Barcelona (Registration nº 220111) and was in accordance with decree 214/97 from 127 

the Government of the Generalitat de Catalunya. 128 

 129 

Experiment 1: Parental presence effect on the embryonic ontogenetic sequence 130 

 131 

Five males (with total lengths between 100 and 135 mm) and 15 females (with total 132 

lengths from 75 to 100 mm) were maintained in a 260 l aquarium (hereafter referred to 133 

as general aquarium) supplied with a biological filter and PVC refuges.  Eight 30 l 134 

aquaria were settled (hereafter referred to as experimental aquaria), four of them with 135 

the purpose of maintaining clutches under the treatment W and the other four intended 136 

for maintaining clutches under the treatment W/O. All these aquaria were located in a 137 

climatized room (20 ºC) and under a light regime of 12 h L: 12 h D (hours Light: hours 138 

Darkness). Each experimental aquarium had a biological filter, sand substratum 139 

(composed of a mixture of sand, gravel and coral), one artificial nest (already accepted 140 

by fish in previous essays) and an air-diffuser. Every nest consisted of a transparent 141 

plastic box (13.5 cm large x 7 cm height x 12 cm deep) opened at one side (this opening 142 
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acting as the entrance) and with the ceiling substituted by a squared glass (to prevent the 143 

structure from floating). The nest inner walls (including the ceiling) were covered with 144 

black acetate sheets that were fixed with plastic clips. This configuration permitted the 145 

removal of the sheets from the nests in order to manipulate the clutches easily.  146 

Physicochemical water conditions were controlled daily in all the experimental 147 

aquaria. Oxygen concentration at the nest entrance over the study (mean ± SD = 8.3 ± 148 

0.2 mg l
-1

) was similar to the one found throughout the reproductive period of S. 149 

fluviatilis in natural conditions (Vinyoles et al., 1999). Other physicochemical 150 

parameters were also controlled: pH (mean ± SD = 7.5 ± 0.5), water temperature (mean 151 

± SD = 23.1 ± 0.2 ºC), NO2 (mean ± SD = 0.04 ± 0.05 mg l
-1

), NO3 (mean ± SD = 10.0 152 

± 0.0 mg l
-1

) and NH4
+
 (mean ± SD = 0.06 ± 0.02 mg l

-1
). The mean value for all these 153 

parameters was not significantly different between treatments W and W/O (all Mann-154 

Whitney U-test, P > 0.05) in this experiment. Throughout the study (both in the general 155 

and experimental aquaria) fish were fed once a day with frozen quironomidae larvae 156 

and, once a week, with fresh mussels.  157 

When, in the general aquarium, a fish couple presented sexual activity (i.e., the 158 

male showed courtship behaviour and the female was gravid and had stripped 159 

colouration) it was moved to one of the four 30 l experimental aquaria assigned to the 160 

treatment W. In these aquaria, egg laying was controlled twice a day (at 8:00 a.m. and at 161 

8:00 p.m.). When a clutch was found it was split into two similar halves (one to be kept 162 

by the parents and the other to be kept alone) following the next steps: (1) careful  163 

removal of the acetate sheet containing the clutch  from the nest and its placing inside 164 

one of the aquaria of the W/O treatment (this move was done inside a small container 165 

full of water to prevent air contact and consequential infections), (2) once inside this 166 

aquarium W/O, we split the acetate sheet into two similar halves using surgical scissors 167 
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(making sure not to break the eggs and following a random cut direction) and we took a 168 

picture (through the aquarium wall) which made it possible to define the clutch borders 169 

and to distinguish eggs added afterwards, (3) one of the two halves was randomly 170 

chosen and was left in the nest of the aquarium W/O in an equivalent position to the one 171 

found in the aquarium W , (4) the other half clutch was returned to the aquarium W  in 172 

its original position (the hole generated in the sheet by the clutch division was 173 

substituted by a new piece of sheet to maintain continuity), and (5) the addition of a 174 

methylene blue solution in both aquaria (one dose of 4 ml from a dilution of methylene 175 

blue with concentration 6.8 g l
-1

). Methylene blue is a common treatment to prevent 176 

fungal infection in fishes’ eggs and fingerlings (Bolívar et al., 2001) and in low doses it 177 

is not harmful to embryos (Hayes, 1930). Clutch division was done in the aquaria W/O 178 

to reduce fish stress during manipulation. Although in natural conditions many females 179 

lay eggs in one male nest (Neat et al., 2003), only one female per aquarium was 180 

provided to control for the possible maternal effect on embryos’ development. This 181 

female was left in the W treatment for the 11 days clutch development period in order to 182 

simulate a realistic environment. During reproduction, female presence in the proximity 183 

of nests is the prevalent condition (Neat et al., 2003) and we expected that this is 184 

required to both stimulate male parental care and prevent male total clutch cannibalism 185 

behaviour (Kvarnemo et al., 1998). In this experiment, all the females laid eggs between 186 

8:00 a.m. and 8:00 p.m. (this timeframe coincided with the 12h L period of the light 187 

cycle). A sample of five eggs was collected daily from each half clutch (treatments W 188 

and W/O) since the day the eggs were detected for the first time until they hatched. 189 

Eggs were removed by suctioning with a pipette. Embryo manipulation and ontogenetic 190 

description were done following Gil et al. (2010). Fish couples who finished 191 

successfully a clutch were removed from the experiment (and maintained in a different 192 
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aquarium, similar to the general one, until the end of the study). Experimental aquaria 193 

were reused for new couples, after being cleaned. Fish couples that cannibalized their 194 

clutches were returned to the general aquarium to start again the selective process. 195 

Eggs were removed until day 12 after oviposition and it was found that hatching 196 

occurred between day 12 and day 13 (at water temperature = 23 ºC) as described by Gil 197 

et al. (2010). As environmental stress accelerates hatching in fishes (e.g., Czerkies et al., 198 

2001) we induced hatching artificially through immersion in water at 13 ºC during 5 199 

minutes on day 11 (after oviposition). At that date embryos’ development was almost 200 

complete and the morphological structures were well defined and easy to compare. 201 

 202 

Experiment 2: Parental presence effect on the embryonic morphological development  203 

 204 

11 males (ranging from 75 to 90 mm in total length) and 11 females (from 60 to 100 205 

mm total length) were used in this experiment. The protocol was the same as in 206 

Experiment 1 but, in this case, a single sample of eggs per couple was collected. 207 

Hatching was induced day 11 after oviposition (thus guaranteeing that the hatch time 208 

was the same for all the embryos). Physicochemical parameters (see Experiment 1 for 209 

more details) were not significantly different between treatments W and W/O (all 210 

Mann-Whitney U-test, P > 0.05). 211 

About 20-25 just-hatched embryos from each experimental treatment (W and W/O) 212 

were submitted to a lethal dose (150 mg l
-1

) of tricaine methanesulfonate (MS-222) in a 213 

Petri plate. Pictures were taken in the lab (using a digital camera - optika microscopes 214 

Italy, 7M- fixed to a stereo microscope) and structures were measured afterwards using 215 

the software Sigma Scan Pro 5. Morphological variables measured in newborn embryos 216 

were: standard length (distance comprised between the tip of the snout and the posterior 217 

Comment [MD2]: Reviewer 2 Comment 2 
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edge of the hypural plate), head height (vertical line measured at the level of the 218 

operculum), jaw length (distance from the extreme caudal end to the tip of the Meckel’s 219 

cartilage), and yolk-sac volume. The latter variable was measured following Heming & 220 

Buddington (1988) formula: YSV = 0.1667 π LH
2
, where H is the yolk-sac minimum 221 

diameter and L the yolk-sac maximum diameter. After measuringthe measuring of just-222 

hatched embryos, males and females were anesthetized (with MS-222) and measured 223 

(total length) before being removed from the experiment (and maintained in an 224 

aquarium similar to the general one until the end of the study). 225 

 226 

Statistical analysis 227 

 228 

Before the statistical analyses a log (x + 1) transformation of the morphological 229 

variables was done in order to adjust to normality. All analyses were performed using 230 

the free software R version 2.15.2 (R Core Team, 2012).  231 

In order to study the effect of the experimental condition on embryo development, 232 

and taking into account the fact that clutch number is a random factor, it is adequate to 233 

analyze these data with a linear mixed model. The following model was considered for 234 

each one of the embryos’ morphological variables (see a similar example in Pinheiro & 235 

Bates, 2000): , where  is the morphological variable 236 

measured for the kth egg from the ith clutch under the jth treatment. Thus,  is the 237 

fixed effect for treatment (W or W/O). This model has random effects at two levels: the 238 

effects for clutch and the effects  for the type of treatment within each clutch (this 239 

allows to assess the presence of interactions between clutch and treatment). 240 

Models were carried out with the lme function from the R package nlme (Pinheiro 241 

et al., 2012). Residual distribution fit to normality was verified by visual inspection of 242 

Comment [U3]: Reviewer 2 comment 1 
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normal probability plots. The conditional coefficient of determination (Cond. r
2
, which 243 

describes the proportion of variance explained by both the fixed and random factors) 244 

and the marginal coefficient of determination (Mar. r
2
, which describes the proportion 245 

of variance explained by the fixed factor alone) were calculated following Nakagawa & 246 

Schielzeth (2013). When multiple tests were performed, significance levels were 247 

corrected using the sequential Bonferroni method (Rice, 1989). Real probability values 248 

are reported throughout. 249 

Within each experiment, clutches that provided the embryos came from 250 

independent parental pairings (once the protocol completed for one clutch, the 251 

progenitors involved were separated in a different aquarium and could not be selected 252 

again). However, data concerning cannibalism were obtained from pairings in which the 253 

male, the female, or both, could have intervened in a previous unfinished clutch. This 254 

repetition was necessary to obtain enough clutches. 255 

 256 

 257 

Results 258 

 259 

Fish in both experiments were sexually active from April onwards. All males exhibited 260 

paternal care: anal gland rubbing on the clutches, nest guarding and egg fanning. In both 261 

experiments all the eggs presented a normal development and succeeded to hatch. No 262 

deteriorated or infected eggs (by fungus or bacteria) were found.  263 

 264 

Experiment 1: Parental presence effect on the embryonic ontogenetic sequence 265 

 266 
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Only five of the 19 clutches laid in the artificial nests were available to obtain a 267 

complete ontogenetic sequence under the two experimental treatments. This was 268 

because 74% of clutches were cannibalized in the aquaria under the experimental 269 

treatment W. Physicochemical and antiseptic conditions established in the experimental 270 

design proved to be adequate. The sequence of ontogenetic events observed by visual 271 

inspection in embryos under the treatment W was not different than that maintained 272 

under the treatment W/O (fig. 1). The ontogenetic sequence found was identical to that 273 

described by Gil et al. (2010). 274 

  275 

Experiment 2: Parental presence effect on the embryonic morphological development  276 

 277 

13 clutches were obtained but only five could be used for the analyses (the other eight 278 

were rejected because they were cannibalized). A similar number of embryos from each 279 

half clutch (one half for each experimental treatment) were photographed (table 1). All 280 

morphological variables were correlated to each other except jaw length and yolk-sac 281 

volume (Pearson correlations; standard length and head height: rp = 0.79, P < 0.05; 282 

standard length and jaw length: rp = 0.57, P < 0.05; standard length and yolk-sac 283 

volume: rp = -0.21, P < 0.05; head height and jaw length: rp = 0.64, P < 0.05; head 284 

height and yolk-sac volume: rp = -0.35, P < 0.05; jaw length and yolk-sac volume: rp = -285 

0.02, P > 0.05). 286 

Apart from standard length, the remaining morphological variables (head height, 287 

jaw length and yolk-sac volume) showed differences related to the presence or absence 288 

of parents (table 2). Both head height and jaw length presented higher values in the 289 

treatment W/O, while the yolk-sac volume showed higher values under the treatment W 290 

(figs. 2, 3). The yolk-sac volume was the morphological variable in this study which 291 
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presented the higher variability between clutches (fig. 2). Although the models indicated 292 

development differences between the two experimental treatments (W and W/O), the 293 

general low values of the marginal r
2
 (table 2) express the small contribution of parents 294 

presence to the variability as compared to the one explained by clutch (conditional r
2
). 295 

Among all the variables, jaw length showed the lowest variability between clutches.  296 

 297 

 298 

Discussion 299 

 300 

Parents’ absence did not prevent the obtainment of well-developed embryos without 301 

malformations. However, embryos 11 days old showed differences in their 302 

morphological traits (yolk-sac volume, head height and jaw length) depending on 303 

whether they had been kept with or without the parents. This result represents a novelty 304 

because, so far, eggs were supposed to receive the hormones related to embryo 305 

development solely in the female’s ovary (Sampath-Kumar et al., 1997). Although this 306 

study did not prove external hormone transmission from parents to eggs, results suggest 307 

that this might be possible. Embryos kept in the “with parents” treatment had a more 308 

developed yolk-sac at day 11 than embryos kept under the “without parents” treatment. 309 

Yolk-sac absorption rate is closely related to environmental factors and it accelerates 310 

under stress conditions, such as, for example, when temperature increases (Fukuhara, 311 

1990) or oxygen concentration drops (Hamor & Garside, 1977). However, in this study, 312 

temperature and oxygen concentrations were similar in all aquaria (as were the other 313 

physicochemical conditions unrelated to progenitor fish), which means that the 314 

differences found must be attributed to the experimental treatments. In the peacock 315 

blenny (S. pavo) males release a species-specific odor that attracts reproductively 316 
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competent females (Serrano et al., 2008). This odor consists of hydrophilic odorants 317 

from the anal gland that the male releases in a slowly and sustained pattern (peptides 318 

and peptide-derivates) and less hydrophilic odorants that possibly originate from the 319 

testes or blind pouches (glycoproteins and steroids such as 11-ketotestosterone and 320 

glucuronides). An effect of such hormones released by the male (androgens) seems 321 

plausible. In a previous work, McCormick (1999) found that eggs injected with 322 

testosterone had a slower yolk absorption rate than eggs without manipulation. In 323 

accordance with this author’s findings, in this study, embryos reared in the presence of 324 

the parents (treatment that might have been influenced by 11-testosterone and other 325 

steroids since the male is in close contact with the eggs) presented more developed 326 

yolk-sac than embryos without parents. In another study, Kekäläinen et al. (2010) found 327 

that many males releasing sperm simultaneously increased environmental steroid 328 

concentration (compared to the treatment with just a single male) with a similar effect 329 

on yolk-sac absorption. It is not known, however, how hormones released by the female 330 

could have influenced yolk-sac development. The father (sole carer of the eggs in this 331 

species) is probably the parent that contributes to help embryos to make a more efficient 332 

use of their yolk-sac and to have greater energetic resources at birth (thus increasing 333 

survival opportunities). However, other studies are needed to confirm this, as well as to 334 

differentiate between male and female presence effects. These approaches should 335 

ideally keep the male alone with the clutches but their design should solve first the 336 

problem of maintaining such situation without affecting male’s behaviour (i.e., parental 337 

care, cannibalism and desertion).    338 

There are many hypotheses that could explain the greater head height and jaw 339 

length development in embryos reared without the parents. A first explanation considers 340 

that male’s androgens might affect the embryos´ growth rate. Supporting this, 341 
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Srivastava & Brown (1993) found that embryos treated with testosterone grow slower 342 

before hatching. Afterwards, during the fry phase, they grow faster than individuals in 343 

the control group. It seems that the yolk-sac accumulates extrinsic hormones and, as 344 

suggested by Piferrer & Donaldson (1994), the effect of these hormones is not 345 

immediate and appears later during the development. A second possibility could be that 346 

parents’ presence affects embryos’ sexual determination. Salaria fluviatilis is a species 347 

with sexual dimorphism and, among other morphological characteristics, head size and 348 

jaw length are bigger in males than in females (Vinyoles, 1986). In blennies, no sexual 349 

chromosomes have been found for the moment (e.g., Devlin & Nagahama, 2002). In 350 

fishes, sexual determination is often dependent on environmental factors, especially 351 

temperature (Baroiller et al., 2009) and pH (Römer & Beisenherz, 1996), and frequently 352 

appears early in the developing embryo (Seki et al., 2005). Additionally, the timing and 353 

duration of exposition to certain hormones is essential for sex determination (Piferrer, 354 

2001). In some experiments performed with teleostean fishes’ eggs it was found that 355 

egg immersion into hormonal solutions affected gonad development and sexual 356 

determination (e.g., Koger et al., 2000). Usually, contact with androgens is associated to 357 

masculinisation and contact with estrogens to feminisation (Yamamoto, 1969).  358 

Results revealed a greater variability between clutches than between the treatments 359 

within a clutch in the second experiment. This could be attributed to maternal (e.g., 360 

Marteinsdottir & Steinarsson, 1998) and paternal (e.g., Butts & Litvak, 2007) effects 361 

related to the particular traits of the parents used in this experiment. Although the 362 

present study was not designed to relate the parents’ characteristics to the embryos’ 363 

development, the results encourage future investigations to delve deeper into this aspect. 364 

There are many factors that have been described to affect parental care investment 365 

such as temperature (Shuter et al., 1980), oxygen (Lissåker et al., 2003) and the 366 
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presence of predators (Steinhart et al., 2005). An increase in cannibalism has been 367 

associated to both clutch reduction (Lindström & Sargent, 1997; Lissåker et al., 2003) 368 

and female scarcity (Kvarnemo et al., 1998). Our design required the division of each 369 

clutch into two experimental conditions (with and without the parents) and this reduced 370 

clutches’ size. The presence of only one female was considered also necessary to 371 

homogenize embryo variability all across the clutch. Such conditions did not suppress 372 

parental care or promote male desertion throughout the experiments. Although male 373 

behaviour has probably been altered to a certain extent by this experimental design, the 374 

fact that parental care still persisted allows us to assume that the effect on embryo 375 

development is similar to that in natural conditions, although it may be less pronounced. 376 

Apart from the presence or absence of the parental fish, all the clutches were under 377 

similar experimental conditions and the differences found are not attributable to 378 

differences in manipulation. 379 

It should be noted that in both experiments a high occurrence of total clutch 380 

cannibalism was observed (more than a half of the clutches obtained were discarded for 381 

this reason). This result must be interpreted with prudence since there was not an 382 

individual identification of the fish in the general aquarium and some of them could 383 

have intervened in more than one attempt to obtain useful clutches. This situation might 384 

have inflated the proportion of the cannibalism observed. Proportion of egg cannibalism 385 

attributable to the male or to the female was not possible to discern. However, its high 386 

occurrence probably was due to the limited size of the clutches after being divided into 387 

two parts. Cannibalized clutches did not participate in the analysis avoiding the possible 388 

effect of male removing specific eggs on the observed differences. Furthermore, it must 389 

be said that, in this species, cannibalism is probably not selective. In a previous study 390 
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based on the analysis of gastrointestinal contents (see Vinyoles et al., 1999) authors 391 

found that eggs consumed by the males were healthy and well-developed. 392 

In summary, results from this study suggest that parents’ presence has an effect on 393 

the embryonic development and possibly also on the sexual determination of progeny. 394 

This circumstance makes it advisable to maintain parents with their clutches. Future 395 

investigations are needed to describe paternal and maternal effects on the size and the 396 

phenotype of embryos, the survival rate of larvae reared with and without parents, and 397 

the male hormonal effect on clutches.  398 

 399 

 400 

Acknowledgements 401 

 402 

The authors are grateful to M. Durfort, J. Nadal, F. Serra and M. Marsal for the supply 403 

of materials and techniques, to A. Goldhoorn and X. Fabre for the help in aquaria 404 

maintenance, to J. D. Rodríguez-Teijeiro for the manuscript improvement, and G. 405 

Harwood and Víctor Bonet for English revision.  406 

 407 

 408 

References 409 

 410 

Baroiller, J.F., D’Cotta, H., Bezault, E., Wessels, S. & Hoerstgen-Schwark, G. (2009) 411 

Tilapia sex determination: where temperature and genetics meet. Comp. Biochem. 412 

Phys. A, 153, 30-38.  413 

Bolívar, B.R., Aragonés, D.M.A. & García, G. (2001) Effect of methylene blue and 414 

sodium chloride on the bacterial load in the transport water with Nile tilapia 415 



18 
 

(Oreochromis niloticus) fingerlings. In: Health Management in Aquaculture, pp. 416 

188-198. Philippines, Southeast Asian Fish Development Center.   417 

Butts, I.A.E. & Litvak, M.K. (2007) Stock and parental effects on embryonic and early 418 

larval development of winter flounder Pseudopleuronectes americanus (Walbaum). 419 

J. Fish Biol.,70, 1070-1087. 420 

Clutton-Brock, T. H. (1991). The evolution of parental care. Princeton University Press. 421 

Czerkies, P., Brzuzan, P., Kordalski, K. & Lucynski, M. (2001) Critical partial pressures 422 

of oxygen causing precocious hatching in Coregonus lavaretus and C. albula 423 

embryos. Aquaculture, 196, 151-158. 424 

Devlin, R.H. & Nagahama, Y. (2002) Sex determination and sex differentiation in fish: 425 

an overview of genetic, physiological, and environmental influences. Aquaculture, 426 

208, 191-364.  427 

Fukuhara, O. (1990) Effects of temperature on yolk utilization, initial growth, and 428 

behaviour of unfed marine fish larvae. Mar. Biol., 106, 169-174.  429 

Gil, F., Faria, C. & Almada, V.C. (2010) An Efficient Technique for the Captive 430 

Breeding of an Endangered Freshwater Fish Salaria fluviatilis (Pisces: Blenniidae), 431 

with a Description of Its Ontogeny. J. World Aquacult. Soc., 41, 49-56.  432 

Hamor, T. & Garside, E.T. (1977) Size relations and yolk utilization in embryonated 433 

ova and alevins of Atlantic salmon, Salmo salar L., in various combinations of 434 

temperature and dissolved oxygen. Can. J. Zool., 55, 1892-1898. 435 

Hayes, F.R. (1930) The metabolism of developing salmon eggs: The significance of 436 

hatching and the role of water in development. Biochem. J., 24, 723-734.  437 

Heming, T. & Buddington, R. (1988) Yolk absorption in embryonic and larval fishes. 438 

In: W.S Hoar & D.J. Randall (Eds) Fish Physiology, Vol. 11, Part A, pp. 407-446. 439 

New York, Academic Press. 440 



19 
 

Katsel, P.L., Dimitrieva, T.M., Valeyev, R.B. & Kozlov, Y.P. (1992) Sex pheromones 441 

of male yellowfin Baikal sculpin (Cottocomephorus grewingki): isolation and 442 

chemical studies. J. Chem. Ecol., 18, 2003-2010.  443 

Kekäläinen, J., Rudolfsen, G., Janhunen, M., Figencshou, L., Peuhkuri, N., Tamper, N. 444 

& Kortet, R. (2010) Genetic and potential non-genetic benefits increase offspring 445 

fitness of polyandrous females in non-resource based mating system. BMC Evol. 446 

Biol., 10, 20.  447 

Koger, C.S., Teh, S.J. & Hinton, D.E. (2000) Determining the sensitive developmental 448 

stages of intersex induction in medaka (Oryzias latipes) exposed to 17β-estradiol or 449 

testosterone. Mar. Environ. Res., 50, 201-206.  450 

Kvarnemo, C., Svensson, O. & Forsgren, E. (1998) Parental behaviour in relation to 451 

food availability in the common goby. Anim. Behav., 56, 1285-1290.  452 

Lindström, K. & Sargent, R.C. (1997) Food access, brood size and filial cannibalism in 453 

the fantail darter, Etheostoma flabellare. Behav. Ecol. Sociobiol., 40, 107-110. 454 

Lissåker, M., Kvarnemo, C. & Svensson, O. (2003). Effects of a low oxygen 455 

environment on parental effort and filial cannibalism in the male sand goby, 456 

Pomatoschistus minutus. Behav. Ecol., 14, 374-381.  457 

Manica, A. (2002) Filial cannibalism in teleost fish. Biol. Rev., 77, 261-277.  458 

Marconato, A., Rasotto, M. & Mazzoldi, C. (1996) On the mechanism of sperm release 459 

in three gobiid fishes (Teleostei: Gobiidae). Environ. Biol. Fish., 46, 321-327. 460 

Marteinsdottir, G. & Steinarsson, A. (1998) Maternal influence on the size and viability 461 

of Iceland cod Gadus morhua eggs and larvae. J. Fish Biol., 52, 1241-1258.  462 

McCormick, M.I. (1999) Experimental test of the effect of maternal hormones on larval 463 

quality of a coral reef fish. Oecologia, 118, 412-422. 464 



20 
 

Nakagawa, S. & Schielzeth, H. (2013) A general and simple method for obtaining R
2
 465 

from generalized linear mixed-effects models. Methods Ecol. Evol., 4, 133-142.  466 

Neat, F.C., Lengkeek, W., Westerbeek, E.P., Laarhoven, B. & Videler, J.J. (2003) 467 

Behavioural and morphological differences between lake and river populations of 468 

Salaria fluviatilis. J. Fish Biol., 63, 374-387.  469 

Pampoulie, C., Lindström, K. & Mary, C.M.S. (2004) Have your cake and eat it too: 470 

male sand gobies show more parental care in the presence of female partners. 471 

Behav. Ecol., 15, 199-204.  472 

Piferrer, F. (2001) Endocrine sex control strategies for the feminization of teleost fish. 473 

Aquaculture, 197, 229-281.  474 

Piferrer, F. & Donaldson, E. (1994) Uptake and clearance of exogenous estradiol-17β 475 

and testosterone during the early development of coho salmon (Oncorhynchus 476 

kisutch), including eggs, alevins and fry. Fish Physiol. Biochem., 13, 219-232. 477 

Pinheiro, J.C. & Bates, D.M. (2000) Mixed-effects models in S and S-PLUS. New York: 478 

Springer. Section 1.3.  479 

Pinheiro, J.C., Bates, D.B., DebRoy, S., Sarkar, D. & the R Development Core Team 480 

(2012) nlme: Linear and Nonlinear Mixed Effects Models. R Package Version 3.1-481 

104. Available at http://cran.r-project.org/web/packages/nlme/index.html/ 482 

Potts, W.T.W. & Rudy, P.P.J. (1969) Water balance in the eggs of the Atlantic salmon 483 

Salmo salar. J. Exp. Biol., 50, 223-237.  484 

R Core Team (2012) R: A language and environment for statistical computing. R 485 

Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL 486 

http://www.R-project.org/. 487 

Rice, W.R. (1989) Analyzing tables of statistical tests. Evolution, 43, 223-225. 488 

http://cran.r-project.org/web/packages/nlme/index.html/
http://www.r-project.org/


21 
 

Römer, U. & Beisenherz, W. (1996) Environmental determination of sex in 489 

Apistogrammai (Cichlidae) and two other freshwater fishes (Teleostei). J. Fish 490 

Biol., 48, 714-725. 491 

Sabat, A.M. (1994) Costs and benefits of parental effort in a brood-guarding fish 492 

(Ambloplites rupestris, Centrarchidae). Behav. Ecol., 5, 195-201. 493 

Sampath-Kumar, R., Lee, S.T., Tan, C.H., Munro, A.D. & Lam, T.J. (1997) 494 

Biosynthesis in vivo and excretion of cortisol by fish larvae. J. Exp. Zool., 277, 495 

337-344.  496 

Schwanck, E. (1986) Filial cannibalism in Tilapia mariae. J. Appl. Ichthyol., 2, 65-74.  497 

Seki, M., Yokota, H., Maeda, M. & Kobayashi, K. (2005) Fish full life-cycle testing for 498 

17b-estradiol on medaka (Oryzias latipes). Environ. Toxicol. Chem., 24, 1259-499 

1266. 500 

Serrano, R.M., Barata, E.N., Birkett, M.A., Hubbard, P.C., Guerreiro, P.S. & Canário, 501 

A.V. (2008) Behavioral and olfactory responses of female Salaria pavo (Pisces: 502 

Blenniidae) to a putative multi-component male pheromone. J. Chem. Ecol., 34, 503 

647-658.  504 

Shuter, B.J., MacLean, J.A., Fry, F.E.J. & Reiger, H.A. (1980). Stochastic simulation of 505 

temperature effects on first-year survival of smallmouth bass. Trans. Am. Fish. 506 

Soc., 109, 1-34. 507 

Smith, C. & Wootton, R.J. (1995). The costs of parental care in teleost fishes. Rev. Fish 508 

Biol. Fisher., 5, 7-22. 509 

Sorensen, P.W. & Stacey, N.E. (2004) Brief review of fish pheromones and discussion 510 

of their possible uses in the control of non‐indigenous teleost fishes. New Zeal. J. 511 

Mar. Fresh., 38, 399-417.  512 



22 
 

Srivastava, R.K. & Brown, J.A. (1993) Assessment of egg quality in Atlantic salmon, 513 

Salmo salar, treated with testosterone: biochemical composition. Can. J. Zool., 71, 514 

109-115. 515 

Stacey, N.E. & Cardwell, J.R. (1997) Hormonally-derived pheromones in fish: new 516 

approaches to controlled reproduction. In: M. Fingerman, R. Nagabhushanam & 517 

M.F. Thompson (Eds) Recent Advances in Marine Biotechnology, Vol. 1, pp. 407-518 

454. New Delhi, Oxford-IBH. 519 

Staub, N.L. & De Beer, M. (1997) The Role of Androgens in Female Vertebrates. Gen. 520 

Comp. Endocr., 108, 1-24.    521 

Steinhart, G.B., Sandrene, M.E., Weaver, S., Stein, R.A. & Marschall, E.A. (2005). 522 

Increased parental care cost for nest-guarding fish in a lake with hyperabundant 523 

nest predators. Behav. Ecol., 16, 427-434. 524 

Vinyoles, D. (1986) Biologia i ecologia de Blennius fluviatilis (Asso, 1801) en el riu 525 

Matarranya. Thesis. Department of Zoology, University of Barcelona. 526 

Vinyoles, D. & De Sostoa, A. (2007) Life-history traits of the endangered river blenny 527 

Salaria fluviatilis (Asso) and their implications for conservation. J. Fish Biol., 70, 528 

1088-1108. 529 

Vinyoles, D., Côté, I.M. & De Sostoa, A. (1999) Egg cannibalism in river blennies: the 530 

role of natural prey availability. J. Fish Biol., 55, 1223-1232. 531 

Wickler, W. (1957) Das ei von Blennius fluviatilis Asso (= Bl. vulgaris Poll.). Z. 532 

Zellforsch. Mikrosk. Anat., 45, 641-648. 533 

Yamamoto, T. (1969) Sex differentiation. In: W.S. Hoar & D.J. Randall (Eds) Fish 534 

Physiology, Vol. 3, pp 117-175. New York, Academic Press. 535 

  536 



23 
 

FIGURE CAPTION 537 

 538 

Figure 1. Morphological structures in the embryos of Salaria fluviatilis are listed in the 539 

boxes corresponding to the day of first apparition in Experiment 1. In both treatments 540 

(W and W/O the parents) the sequence was the same. This description followed Gil et 541 

al. (2010) and obtained equivalent results.  542 

 543 

Figure 2. Standard length, yolk-sac volume, head height and jaw length  (mean ± 95% 544 

CI) measured in 11 days old Salaria fluviatilis embryos reared with (Treatment W) and 545 

without (Treatment W/O) the parents for each clutch, are shown for Experiment 2. 546 

 547 

Figure 3. Comparison of Salaria fluviatilis embryos on day 11 of development between 548 

the two experimental treatments (W and W/O the parents) in Experiment 2. It can be 549 

appreciated from the images that greater head heights and jaw lengths are found in the 550 

Treatment W/O, whereas a greater yolk-sac volume is found for Treatment W. In the 551 

first image, the lines indicate how some of the variables were obtained: HH (head 552 

height), JL (jaw length) and H, L (diameters required to calculate yolk-sac volume).   553 
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Table 1. 1 

Fish total length and sample sizes (n) of measured embryos in Experiment 2. Embryos 2 

11 days old are provided for each clutch and experimental treatment. 3 

 4 

 

Clutch 

 

Male length (mm) 

 

Female length (mm)  

 

Treatment W 

(n)  

 

Treatment W/O 

(n)  

 

1 

 

90.0 

 

91.2 

 

25 

 

27 

2 75.5 68.3 20 21 

3 80.6 62.2 20 26 

4 78.8 84.9 25 25 

5 89.1 63.6 27 26 

 5 

Abbreviations and symbols: Embryos 11 days old are provided for each clutch and 6 

experimental treatment (with parents = Treatment W, Treatment with parents; without 7 

parents = Treatment W/O, Treatment without parents). 8 
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Table 2.  1 

Linear mixed effects models predicting embryos’ development depending on the experimental treatment 2 

(with parents = Treatment W, without parents = Treatment W/O) in Experiment 2. All variables were 3 

previously log (x+1) transformed.  4 

 5 

  

Estimates ± SE 

           

ANOVA 

 

r
2 

 

Variable 

 

Treatment W 

 

Treatment W/O 

 

F 

 

d.f. 

 

P 

 

Cond. 

 

Mar. 

 

Standard length (mm) 

  

0.72 ± 0.02 

 

0.72 ± 0.00 

 

2.18 

 

1 

 

0.140 

 

0.76 

 

0.00 

Head height (mm) 0.22 ± 0.01  0.23 ± 0.00 20.89 1 4.9e-06* 0.66 0.12 

Jaw length (mm) 0.09 ± 0.00  0.10 ± 0.00 5.77 1 0.016* 0.47 0.02 

Yolk-sac volume (mm
3
) 0.03 ± 0.01 0.02 ± 0.00 15.02 1 1.0e-04* 0.69 0.04 

 6 
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Abbreviations and symbols: Treatment W, Treatment with parents; Treatment W/O, Treatment without 7 

parents; Cond. and Mar., Conditional and Marginal coefficients of determination values (r
2
); *, P < 0.0125 8 

(aAfter Bonferroni correction). All variables were previously log (x+1) transformed. Conditional (Cond.) 9 

and Marginal (Mar.) coefficients of determination values (r
2
) are shown. An asterisk denotes a significant 10 

difference. After Bonferroni, significance was reached at P < 0.0125. 11 


