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Abstract :   
 
Quantitative scales to evaluate maturity of female gonads were compared for a temperate oyster, 
Crassostrea gigas and a tropical oyster, Crassostrea corteziensis grown in the same locality. C. gigas 
had well-defined maturation and spawning periods and a resting phase in winter; in C. corteziensis mature 
individuals occurred most of the year and there were several spawning peaks. Of the quantitative scales 
used here, average oocyte diameter and gonad coverage area, much used for C. gigas, and ovary 
maturity index, less used, were inadequate to distinguish the reproductive pattern of C. corteziensis, since 
they both skewed the degree of maturation in vitellogenic stages in favor of C. gigas. Maximum oocyte 
diameter and maximum cytoplasm area were different among species at vitellogenic stages and also in 
previtellogenic stages. Nucleus: cytoplasm ratio was significantly different in previtellogenic and spawned 
stages between C. gigas and C. corteziensis. The Index of gonadal development was skewed in favor of 
C. gigas in postvitellogenic stage. The only scale that was comparable between species was reproductive 
potential, but it also was one of the most laborious. Other ordinal scales commonly used, such as a visual 
external evaluation of the gonad, only classified correctly a quarter of the stages. 
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Introduction 48 

A continuous scale of maturation is more accurate to describe reproductive 49 

potential in mollusks, since it can be correlated to biochemical or physiological 50 

variables or used as a co-variable for analyses. Several quantitative scales that are based 51 

on continuous data have been proposed; for example, a comparison of gonadal to 52 

visceral mass area or gonad coverage area in C. gigas (Mori 1979; Enriquez-Diaz 2004; 53 

Fabioux et al. 2005) and C. viriginica (Heferman & Walker 1989; Barber et al. 1991), 54 

and in C. gigas males (Lannan 1980). A variation of this is the follicle cross-sectional 55 

area relative to total cross-sectional area (Allen & Downing 1986) and the ratio of the 56 

weight of the photographic print area occupied by ova to the photographic print weight 57 

of the gonad in C. gigas (Muranaka & Lannan 1984). The number of mature oocytes in 58 

relation to total oocytes was used to determine stage of gonadal development in C. gigas 59 

(Lannan 1980). Oocyte diameter has been proposed to evaluate the degree of maturation 60 

in oysters (Lango-Reynoso et al. 2000; Ren et al. 2003; Chavez-Villalba et al. 2002; Li 61 

et al. 2006) proposed using average oocyte diameter as a tool for assigning maturation 62 

stages in C. gigas.  63 

However, for tropical oysters there are scarce studies that report quantitative 64 

data on maturation. Among the existing scales, the gonadosomatic index (GSI), 65 

calculated as gonad weight in relation to body weight has been reported for C. 66 

corteziensis (Frias-Espericueta et al. 1997, 1999) and C. iridescens (Páez-Osuna et al. 67 

1993; Frias-Espericueta et al. 1997). However, Frias-Espericueta et al. (1997) concluded 68 

that measuring GSI in oysters was inaccurate because the gonad cells develop spread 69 

within the mantle. The area occupied by gonad relative to somatic tissue, termed gonad 70 

coverage area (GCA) has been reported for C. corteziensis (Rodríguez-Jaramillo et al. 71 

2008). The oocyte diameter, widely used for C. gigas, has also been tested in C. 72 

rhizophorae (Ferreira et al. 2006) and C. corteziensis (Rodríguez-Jaramillo et al. 2008).  73 
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 4
The shortage of quantitative maturation data in tropical oysters is further 74 

complicated when the objective is to compare reproductive potential between species. 75 

For example, the oocyte diameter in same stage oocytes is bigger in C. gigas compared 76 

to C. corteziensis, which can skew data to a false advance stage of maturation in the 77 

former. In accordance, Ferreira et al. (2006) also concluded that differences in oocytes 78 

do not allow for direct use of scales developed for C. gigas, to C. rhizophorae, a 79 

tropical oyster. Relative scales, as GSI, have been applied to compare maturation in 80 

different species of fish (David-Gómez & Gerson-Araujo 2004; Brewer et al. 2007). A 81 

maturity index (MI), calculated by the number of individuals at each maturity stage, has 82 

been applied to compare different species of echinoderms (Egea et al. 2011). The 83 

reproductive output index (ROI=% area of propagules/total area of tissue scanned) has 84 

been applied to compare different species of sponges (Whalan et al. 2007; Leong & 85 

Pawlik 2011). The objective of this study was to compare quantitative methods used for 86 

assigning continuous scales of maturation in C. gigas, and analyzing if the same scale 87 

can be use to reflect variations in the reproductive pattern of C. corteziensis, in an effort 88 

to make comparable maturation grade in both species.  89 

 90 

Materials and methods 91 

Site, origin and sampling 92 

Oysters were sampled from Bahía Ceuta, on the coast of the state of Sinaloa in 93 

the Northwest of Mexico. C. corteziensis were sampled in 2005-2006, as described in 94 

Rodríguez-Jaramillo et al. (2008), while C. gigas were sampled in 2007, as described in 95 

Galindo-Sanchez et al. (2008). Upon arrival, the specimens were inspected and 96 

measured (total weight, length, width, and wet tissue weight). The oyster meat was 97 

removed from the shell and a 2-mm cross-section was processed and the maturation 98 

stage frequency was analyzed as described in Rodríguez-Jaramillo et al. (2008).  99 

 100 
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 5
Visual test for maturity 101 

The visual maturity was done based on the method described by Costil et al. (2005) 102 

and modified here by assigning a number to the perceived stage of maturation of the 103 

gonad after opening the oyster:  104 

1. Immature: Thin oysters 105 

2. Early maturation or post-spawning: partially thin oysters 106 

3. Late maturation: fleshy individuals 107 

4. Mature or ready to spawn. Individuals that seem “veined”  108 

 109 

Quantitative histology 110 

Oocyte frequency: Frequency was calculated by counting each type of oocyte in three 111 

regions of the ovary of each female that appeared within an area of 1.44 mm2at 20×. A 112 

total of 8457 oocytes were analyzed for C. gigas, and 9870 for C. corteziensis. 113 

 114 

Oocyte area and diameter: The diameter and area of oocytes were determined with 115 

digitalized images at 40×and 100× for ovogonias (Image Pro Plus software v. 7.0 Media 116 

Cybernetics, Silver Spring, MD, USA). Approximately 40–50 oocytes in three 117 

randomly selected regions of a slide were observed if the nucleus was visible. Since 118 

oocytes deviate markedly from a sphere, the theoretical diameter (TD) was calculated 119 

from the total area (A) of each oocyte using the following formula: TD= √4A/π (Saout 120 

et al. 1999).  121 

 122 

Reproductive scale: The average diameter of oocytes was calculated for each female, 123 

and females were classified according to the scale proposed by Lango-Reynoso et al. 124 

(2000) for C. gigas based on oocyte diameter:  125 

Early gametogenesis =3.0-12.0 µm  126 

Growing = 12.1-30.0 µm  127 
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 6
Mature =30.1-41.0 µm  128 

Degenerating =41.1-60.0 µm  129 

 130 

Gonad coverage area: The area occupied by the gonad was determined using an image 131 

system analyzer (Image Pro Plus v.7.0) at 4× (7.9mm²) from a mean of three different 132 

slices from each specimen. The image analysis was based on the intensity of the tissue-133 

specific color and the female gonad and visceral area were automatically calculated in 134 

pixels and expressed in µm². The area reported as the gonadal coverage area (GCA) was 135 

calculated as: GCA= (gonad occupation area/total area) ×100.  136 

 137 

Ovary Maturity Index: The ovary maturity index was calculated as the total area 138 

occupied by each oocyte in each gonad, using the following formula: GCA x Oocyte 139 

area x total number of oocytes, modified from Arcos et al. (2005) to analyze maturation 140 

in shrimp.  141 

 142 

Index of Gonadal Development: The index of gonadal development was calculated as 143 

the ratio of postvitellogenic oocytes in relation to the total number of oocytes present in 144 

the gonad, as described by Lannan (1980). 145 

 146 

Nucleus: cytoplasm ratio: The area of the nucleus was determined for each oocyte 147 

similarly to the area for oocytes using digitalized images at 40× and 100× for ovogonia. 148 

The ratio was calculated as nucleus: cytoplasm ratio= nucleus total area/cytoplasm total 149 

area without nucleus.  150 

 151 

Reproductive potential: Determined based on fecundity as described by Heffernan and 152 

Walker (1989), modified here to include oocytes in all stages of maturation, was 153 

calculated using the following equation: (4/3π) r3 N, where r = radius of the oocyte and 154 
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 7
N = total number of oocytes, but only the oocytes present in 1.44 mm2at 20× were 155 

counted. 156 

 157 

Statistical analysis 158 

The stages of visual maturation were compared to the stages of reproduction by 159 

a X2. 160 

Oocyte measurements of each female were analyzed with a nested ANOVA (40-161 

50 oocytes per female when possible, 10 oysters per month). Morphometric analyses, 162 

GCA, and oocyte frequencies per oyster were analyzed by one-way ANOVA, followed 163 

by Newman-Keuls post hoc analysis to assess the significant differences (P<0.05) 164 

between months (14 levels) or maturation stages (4 levels).  165 

All statistical analyses were made using StatisticaTM v. 6.0. Percentage results 166 

were transformed to arcsine before ANOVA but only untransformed means are 167 

presented. All data are reported as mean ± standard error, except where indicated.  168 

 169 

Results 170 

Maturation stage frequency  171 

Females of C. corteziensis were found in several stages of maturation during 172 

most of the year, postvitellogenic females were found from March to November, and 173 

spawned females were observed from May to December. From December to February, a 174 

large proportion of immature females were present (Fig. 1A).  175 

In contrast, spawning occurred in late summer and during autumn in females of 176 

C. gigas, and no matured females were found before May (Fig. 1B).   177 

 178 

Average oocyte diameter 179 

The average oocyte diameter of both species is shown in Fig. 2. The oocytes of 180 

C. gigas were approx. 25µm in January and grew till reaching their biggest size in April 181 
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 8
(more than 40µm), then decreased in size in May and further still in June, and 182 

increased again in July and August, after which they reached their smaller size in 183 

October.  184 

No significant differences were found for oocyte diameter of C. corteziensis.  185 

 186 

Gonad coverage area 187 

The GCA of C. gigas was lowest in January and from there, increased till 188 

reaching highest values in April and May. It decreased from June till reaching values 189 

similar to January in August, where it remained stable till October.  190 

In C. corteziensis the GCA increased from January and February when values 191 

were lowest, till reaching highest values in April. In May and June it decreased to 192 

intermediate values and then increased in August to values similar to April. In 193 

September it decreased again to values similar to May, and then decreased to values 194 

similar to January from October to December (Fig. 3).  195 

 196 

Reproductive potential  197 

The reproductive potential for C. gigas increased from January to February and 198 

still more to its highest values in March, and then decreased in April and even more in 199 

May. It increased again in June and decreased to similar levels of January in July, and 200 

then decreased to lowest values in August and October (Fig. 4).  201 

The same index calculated for C. corteziensis showed lowest levels in January, 202 

then increased from February till reaching the highest peak in April, decreasing in May 203 

and June, and reaching a second peak in August till October, and then decreased in 204 

November to reach values similar to January in December.  205 

 206 

Ovary maturity index 207 
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 9
The ovary maturity index calculated for C. gigas increased from January and 208 

February to intermediate values in March, and then to highest levels in April, then 209 

gradually decreasing from May till reaching in August and October similar values to 210 

January (Fig. 5).  211 

The same index calculated for C. corteziensis showed lowest levels in January, 212 

then increased from February till reaching a peak in April, decreasing in May and June, 213 

and reaching a second peak in August; decreasing in September till reaching, from 214 

October on, similar values to February and January.  215 

 216 

Index of gonadal development 217 

The Index of gonadal development of C. gigas showed significant differences 218 

during the year, increasing to maximum values in April, and lowest values in January.  219 

The same index calculated for C. corteziensis showed significant differences, 220 

with higher values in April. The rest of the year presented similar high values form a 221 

homogeneous group, falling down to the lowest values in November, and recovering in 222 

December (Fig. 6). 223 

 224 

Oocyte and cytoplasm size 225 

Quantitative measurements by stage of maturation are presented in Table 1. 226 

There were significant difference in average oocyte diameter between C. gigas and C. 227 

corteziensis. In C. gigas, largest oocytes were found in vitellogenic females, with 228 

significantly smaller oocytes in the other three stages of maturation. In C. corteziensis, 229 

spawned and vitellogenic females had the largest oocytes, followed by postvitellogenic 230 

females, with the smaller oocytes in previtellogenic stage. The average oocyte diameter 231 

of vitellogenic C. gigas was significantly larger than the average oocyte diameter in C. 232 

corteziensis.  233 
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 10
Maximum oocyte diameter followed a similar trend, but significant 234 

differences were found between previtellogenic and spawned stages in C. gigas, and 235 

between vitellogenic and previtellogenic stages in C. corteziensis. There were 236 

significant differences between species in the previtellogenic and vitellogenic stage.  237 

Maximum cytoplasm area was biggest in vitellogenic stage of C. gigas, which 238 

was significantly different from postvitellogenic stage and spawned stage. In C. 239 

corteziensis, the vitellogenic stage was significantly different from previtellogenic 240 

stage. There were significant differences in the cytoplasm area between species in the 241 

previtellogenic and vitellogenic stages.  242 

 243 

Nucleus:Cytoplasm ratio 244 

 The Nucleus:cytoplasm ratio was highest in spawned stage of C. gigas, and in 245 

previtellogenic stage of C. corteziensis, compared to other stages for each species. 246 

There were significant differences for the Nucleus:cvtoplasm ratio between species in 247 

the previtellogenic and spawned stage.   248 

 249 

Gonad coverage area 250 

The GCA was analyzed in relation to maturation stages, the highest values were 251 

found in vitellogenic females, with no differences among the other three stages in either 252 

species. However, the values of GCA were significantly larger in the vitellogenic stage 253 

of C. Gigas compared to C. corteziensis.  254 

 255 

Reproductive potential 256 

Reproductive potential classified by stage, is presented in Table 1. Vitellogenic 257 

females had the highest values, while the other stages presented similar values in C. 258 

corteziensis females. In C. gigas, spawned females had the lowest values.  259 

 260 
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 11
Ovary maturity index  261 

 This index had the highest values in the vitellogenic stage compared to other 262 

stages in both species. The ovary maturity index was significantly higher in C. gigas in 263 

females in vitellogenic stage, compared to C. corteziensis females in the same stage 264 

(Table 1).  265 

 266 

Index of gonadal development.  267 

This index had the highest values in the postvitellogenic stage and the lowest in 268 

the previtellogenic. The index of gonadal development was significantly higher in C. 269 

gigas in females in postvitellogenic stage, compared to C. corteziensis females in the 270 

same stage (Table 1).  271 

 272 

Visual test for maturity and stages of gonad development  273 

The four stages of the visual test for maturity were determined only for C. 274 

corteziensis and are presented in Table 2. The histological analysis found that 16.7% of 275 

oysters classified as in late maturation of spawning using the visual scale were, in fact, 276 

immature. Only 22.7% of the oysters classified as being in early maturation were in 277 

previtellogenic stage. The best results were obtained with the vitellogenic stage, where 278 

50% were classified as late maturation by the visual scale. Oysters in postvitellogenic or 279 

spawned stage were mostly classified as immature.  280 

 281 

Reproductive scale and stages of gonad development 282 

The four stages of the reproductive scale assigned by oocyte size, similar to what 283 

has been described for C. gigas by Lango-Reynoso et al. (2000) but modified for C. 284 

corteziensis that has smaller oocytes, is presented in Table 2. The histological analysis 285 

found that most (71%) of oysters classified as in early maturation were in 286 

previtellogenic stage, and 50% of oysters classified as growing were in vitellogenic 287 
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 12
stage. Oysters in postvitellogenic stage were classified as mature (32%) or 288 

degenerating (43%); the least asserts were found for spawning stage in which females 289 

were mostly classified as growing (50%), mature (43%) or early maturation and 290 

degenerating, both with 29%. 291 

 292 

Discussion 293 

Maturation stages are usually subjective and largely depend on the experience of 294 

the classifier and on previous work for the same or similar species (Barber & Blake 295 

1991). There are different numerical scales that can be used to sort individual oysters 296 

into maturation stages in a more objective way, and one that is widely used for scallops 297 

and other aquatic organisms because of its simplicity, is the visual maturity, that has the 298 

advantage of being easily applied and not expensive (Barber& Blake 1991; Palacios et 299 

al. 2003). However, since oocytes in oysters are not profusely pigmented, as is the case 300 

for scallops, the assignment of a visual maturation is difficult, and it has the additional 301 

disadvantage of generating ordinal data. We used the visual scale to predict maturation 302 

stage in oysters, but have found that some oysters were classified as immature even 303 

when by the ordinal histological scale they were rated as in vitellogenesis or completely 304 

mature (Table 2): 25% of immature oysters were classified as immature when using a 305 

visual scale, even if they were spawned, while 52% were classified as spawned in the 306 

visual scale, when they were in vitellogenic stage, according to histology. In total, only 307 

about a quarter of the C. corteziensis oysters were correctly classified. 308 

Lango-Reynoso et al. (2000) proposed a system for classifying C. gigas females 309 

into maturation stages based on the size of the oocytes present in the gonad; thus 310 

females with oocytes smaller than 6.5µm were considered in early gametogenesis, when 311 

half the gonad of a female had oocytes of approx. 21µm and the other half oocytes of 312 

34µm, the female was in growing stage, when most (90%) of oocytes were larger than 313 

30-41µm the female was considered mature, and when most of the gonad had oocytes 314 
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 13
smaller than 5.5µm while one part of oocytes were larger than 46µm, the gonad was 315 

degenerating. This scale has since been applied in several works to the same species 316 

(Chávez-Villalba et al. 2002; Ren et al. 2003). We classified maturation stages for C. 317 

corteziensis on the basis of oocyte diameter, a scale termed reproductive scale, as 318 

proposed for C. gigas by Lango-Reynoso et al. (2000), but modified here because 319 

oocytes in C. corteziensis are smaller than that of C. gigas. We did found some oocytes 320 

that seemed overmature, possible a result of distention of endoplasmic reticulum, and 321 

were larger (45 µm) than postvitellogenic oocytes, in contrast to 60 µm reported by 322 

Lango-Reynoso et al. (2000) for C. gigas. As can be seen in Table 2, early maturation 323 

was the most correctly classified stage, with 71% of females in previtellogenic stage, 324 

followed by 50% of vitellogenic females classified in growing stage. In contrast, the 325 

mature and degenerated stages were mostly classified as spawned or postvitellogenic, 326 

respectively. Nevertheless, the scale proposed by Lango-Reynoso et al. (2000) was far 327 

better in predicting maturation stage than the visual scale. Thus, the ranges used for 328 

assigning a maturation stage should be adapted according to species and possibly for 329 

different populations from different ecosystems. 330 

One of the most used continuous scales to indicate the state of maturity is the 331 

relation between gonad weight and body weight, termed gonadosomatic index (GSI). It 332 

has the advantage of being inexpensive, quick, objective, and that it generates 333 

continuous data. GSI has been extensively used in C. gigas (Ren et al. 2003; Ngo et al. 334 

2006) and C. corteziensis (Páez-Osuna et al. 1993; Frias-Espericueta et al. 1997, 1999). 335 

However and in contrast to scallops and other marine organisms, the gonad in oysters 336 

can be difficult to separate from adjacent tissue (Mori 1979; Frías-Espericueta et al. 337 

1997). In addition, the weight of the gonad “corrected” by body weight can still be 338 

dependent of body weight, particularly when animals are growing (de Vlaming et al. 339 

1982; Grant & Tyler 1983b; Packard & Boardman 1988; West 1990; Palacios et al. 340 

2003). Furthermore, GSI is not a precise reflection of gonad activity because there can 341 
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 14
be temporal differences in the recruitment of oocytes or fluid content in the ovary 342 

tissues external to oocytes during maturation (Grant & Tyler 1983a; Palacios et al. 343 

2004) or in the digestive gland (Grant & Tyler 1983b), that affect gonad or total weight. 344 

Costil et al. (2005) observed that even if no gametes remained in the follicles, the 345 

presence of abundant connective tissue might induce visual of fatness. The same applies 346 

to gonad biomass estimated by stereology, since it requires the weight of the gonad for 347 

the calculations (Enriquez-Diaz 2004). A further disadvantage of this methodology is 348 

that it requires three sections of the gonad, anterior, middle and rear, and this reduces 349 

the amount of gonad that can be used for other additional test such as biochemistry and 350 

genetics. To overcome the difficulty of dissecting and weighing a gonad dispersed in 351 

other tissues, some studies have measured the gonad thickness using calipers (Lossanoff 352 

1965), the weight of the area of the photographic print occupied by ova to the weight of 353 

the gonad (Muranaka & Lannan 1984), or the follicle or gonad tissue area in relation to 354 

the other tissue, usually determined by image analyses (Mori 1979; Lannan, 1980; Allen  355 

& Downing 1986; Hefferman & Walker 1989; Barber et al. 1991; Enriquez-Diaz 2004; 356 

Fabioux et al. 2005; Quintana 2005). This ratio has received several names and has been 357 

evaluated by slightly different protocols by each group; for commodity is termed here 358 

gonad coverage area (GCA). The GCA has the advantage of being quantitative and 359 

relatively quick and simple to analyze, although image analysis requires previous 360 

histological process, which can be expensive and time consuming. GCA can provide 361 

continuous data in completely immature oysters, but also in males, as demonstrated in 362 

C. gigas by Lannan (1980). The GCA can indicate when the female is fully mature, as 363 

can be seen in figure 3, but the differences in a gonad that is maturing or spawning is 364 

not so evident. This is further observed in Table 1, where no differences were found 365 

among stages other than vitellogenic stage. A similar result was obtained by Brewer et 366 

al. (2007) in different fish species, who proposed using GSI till fishes appear to be in 367 
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mature condition and then to incorporate histology to pinpoint specific periods when 368 

spawning occurs. 369 

Oocyte size is independent of the body size (Grant & Tyler 1983a; Palacios et al. 370 

2003) and can be used as a covariable to correct for gonad maturation in females 371 

(Palacios et al. 2003). However, when average oocyte diameter was used to reveal the 372 

annual reproductive pattern of C. corteziensis, no significant differences were found 373 

among the sampled periods (Fig. 2). In a similar analysis, oocyte maximum area or 374 

diameter has been proven efficient in organisms that have partial spawns and thus 375 

present a wide distribution of oocytes of different sizes or cohorts (Palacios et al. 2003). 376 

Maximum oocyte area was slightly better revealing the annual reproductive pattern than 377 

average oocyte diameter, since there were significant differences as a result of the 378 

sampling period, but a Tukey posthoc analysis revealed that there were only differences 379 

between maximum oocyte diameter in December and May for C. corteziensis (results 380 

not shown). The spawning periods were not evidenced using maximum oocyte 381 

diameter. The analysis per stage presented in Table 1 revealed that the vitellogenic stage 382 

was well separated in both species using oocyte size, but the spawned stage was only 383 

significantly separated in C. gigas.  384 

There are several scales that are based on ratios or indexes. These have the 385 

advantage of using relative scales of reproduction and enables comparison of 386 

reproductive output to be made among species. One of these has been extensively used 387 

in medicine to determine cell growth; the Nucleus:cytoplasm ratio. The 388 

Nucleus:cytoplasm ratio has been applied to analyze oocyte growth with good results in 389 

marine organisms (Pastorinho et al. 2003; Van der Molen 2003; Arjarasirikoon et al. 390 

2004) and in mollusks (Rodríguez-Jaramillo et al. 2001). However, when using this 391 

ratio to predict maturation stages here, we could not distinguish between vitellogenic 392 

stage and other stages, although spawned stage of C. gigas and previtellogenic stage of 393 

C. corteziensis were different from other stages (Table 1). This ratio allowed thus to 394 
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reveal the resting period of December and January, but not gonad maturation. It also 395 

has the disadvantage of being quite laborious.  396 

The Ovary Maturity Index, modified from that proposed by Arcos et al. (2005) 397 

could distinguish the vitellogenic stage, but not the other stages (Table 1). It also has the 398 

disadvantage of using the oocyte area, which increases significantly the values of the 399 

vitellogenic stage in C. gigas, and it is laborious to measure. 400 

The Reproductive Potential, calculated in relation to number of oocytes and their 401 

size, based on the formula for fecundity proposed by Heffernan & Walker (1989) that 402 

was based on the analysis of postvitellogenic oocytes, and that was modified here to 403 

include oocytes in all stages of maturation, is a good predictor of maturation stage, 404 

particularly for C. gigas. Of all the analysis, this was the only one where the values 405 

were not significantly different between species, indicating this to be the best way to 406 

compare these two species. However, it was by far the most laborious of all the 407 

analysis.  408 

The Index of Gonadal Development proposed by Lannan (1980) could 409 

distinguish the postvitellogenic stage en C. gigas, but not the other stages (Table 1). It 410 

also has the disadvantage of using the ratio of postvitellogenic oocytes in relation to the 411 

total number of oocytes present in the gonad, which increases significantly the values of 412 

the vitellogenic and postvitellogenic stages in C. corteziensis, and it is laborious to 413 

measure. 414 

The comparison of the annual reproductive pattern using some of these different 415 

methods of analysis on the same females was of particular interest, because there are 416 

differences that may lead to an erroneous conclusion in relation to gametogenesis and 417 

spawning, particularly when comparing reproductive effort between species. The 418 

quantitative methods that are significantly different per stage between C. gigas and C. 419 

corteziensis, indicate that comparison is skewed, since a more advanced maturation can 420 

be assigned to C. gigas for the same stage. This is the case of oocyte size, GCA, and 421 

Page 16 of 31

URL: http://mc.manuscriptcentral.com/tinv

Invertebrate Reproduction and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 17
ovary maturity index; even the last two are a relative measure of maturity. The only 422 

scale where the values of C. corteziensis were similar to and even surpassed the ones in 423 

C. gigas, was again, Reproductive potential. This scale is by far the best to use for 424 

comparing this two species, or using as a covariable when comparing biochemical 425 

reserves during maturation. In any case, differences among methods should be 426 

considered when establishing a reproductive period for each species, since there can be 427 

differences among them that makes comparison complex.  428 

In conclusion, there are strong variations among the different methods tested to 429 

generate quantitative data on gonad maturation, particularly when comparing different 430 

species. GSI, abundantly used in scallops and other marine organisms, cannot be 431 

straightforward applied to oysters in general. Oocyte size can be a relatively adequate 432 

predictor of maturation stage, but it does not represent the reproductive pattern in 433 

tropical oysters with an extended reproductive period and several partial spawns. 434 

Nucleus:cytoplasm ratio might only evidence the resting period, while the ovary 435 

maturity index is skewed in favor of C. gigas. The Ovary Maturity Index, the 436 

Reproductive Potential, and the GCA, all continuous and objective scales, seem to be 437 

the more adequate measure of maturity to compare oysters of different species. 438 

However, the Ovary Maturity Index and the Reproductive Potential are much more 439 

laborious, since they requires additional measures. So for general maturation analysis 440 

the GCA could be enough, but to pinpoint the specifics of maturation between species, 441 

the Reproductive Potential is better.  442 
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 582 

583 
Fig. 1A) Frequency of gonad developmental stages determined by histology in females 584 

of A) Crassostrea corteziensis and; B) C. gigas, sampled from Ceuta Lagoon System, 585 

Sinaloa, Mexico. White bars = Immature or stage 0; light gray bars = Previtellogenesis 586 

or stage I; dark gray bars = Vitellogenesisor stage II; black = Postvitellogenesis or stage 587 

III; hatched bars = Spawned or stage IV.  588 
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 589 

Fig. 2. Average oocyte diameter (µm) in C. gigas (white triangles) and C. 590 

corteziensis (Black circles). Data were analyzed using sampling month as the 591 

independent variable in a unifactorial ANOVA (P<0.05). Results are reported as 592 

mean ± standard error. Different letters indicate significant differences; each species 593 

were analyzed separately (P<0.05). 594 
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 596 

Fig. 3. Gonad Coverage Area (%) for C. gigas (white triangles) and C. corteziensis 597 

(Black circles) by month. Data were analyzed using sampling month as the 598 

independent variable in a unifactorial ANOVA (P<0.05). Results are reported as 599 

mean ± standard error. Different letters indicate significant differences; each specie 600 

was analyzed separately (P<0.05). 601 
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 604 

 605 

Fig. 4. Reproductive potential for C. gigas (white triangles) and C. corteziensis (Black 606 

circles) by month. Data were analyzed using sampling month as the independent 607 

variable in a unifactorial ANOVA (P<0.05). Results are reported as mean ± standard 608 

error. Different letters indicate significant differences; each specie was analyzed 609 

separately (P<0.05). 610 

  611 

Page 27 of 31

URL: http://mc.manuscriptcentral.com/tinv

Invertebrate Reproduction and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 28
 612 

 613 

Fig. 5. Ovary Maturity Index for C. gigas (white triangles) and C. corteziensis 614 

(Black circles) by month. Data were analyzed using sampling month as the 615 

independent variable in a unifactorial ANOVA (P<0.05). Results are reported as 616 

mean ± standard error. Different letters indicate significant differences; each species 617 

was analyzed separately (P<0.05). 618 

  619 

Page 28 of 31

URL: http://mc.manuscriptcentral.com/tinv

Invertebrate Reproduction and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 29
 620 

 621 

Fig. 6. Index of Gonadal Development for C. gigas (white triangles) and C. 622 

corteziensis (Black circles) by month. Data were analyzed using sampling month as 623 

the independent variable in a unifactorial ANOVA (P<0.05). Results are reported as 624 

mean ± standard error. Different letters indicate significant differences; each species 625 

was analyzed separately (P<0.05). 626 
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 628 

Table 1. Female morphometric and maturation data classified by stage of female gonad development of Crassostrea corteziensis and Crassostrea gigas were 629 

sampled from Bahía Ceuta, Sinaloa, Mexico from April 2005 to April 2006. 630 

  Stage I 
Previtellogenesis 

Stage II 
Vitellogenesis 

Stage III 
Postvitellogenesis 

Stage IV 
Spawned 

Average oocyte diameter (µm) 
C. gigas 

C. corteziensis 
27.5±2.0 b 
22.8±2.2 b 

37.4±0.7 a 
29.3±1.1 a* 

27.1±2.0 b 
28.5±2.4 ab 

26.2±5.0 b 
30.7±3.7 a 

Maximum oocyte diameter (µm) 
C. gigas 

C. corteziensis 
45.8±2.6 ab 
33.9±3.1 b * 

51.0±0.9 a 
46.0±1.9 a * 

39.2±2.5 bc 
42.8±2.1 ab 

37.6±2.6 c 
42.2±2.3 ab 

Maximum cytoplasm area (µm
2
) 

C. gigas 
C. corteziensis 

1202±127 ab 
730±98 b * 

1490±55 a 
1138±56 a * 

863±88 bc 
1031±54 ab 

595±55 c 
1021±60 ab 

Nucleus:Cytoplasm ratio 
C. gigas 

C. corteziensis 
0.52±0.04 b 

0.60±0.07 a * 
0.45±0.01 b 
0.44±0.01b 

0.55±0.04 b 
0.50±0.03b 

0.75±0.08 a 
0.48±0.03 b* 

Gonad Coverage Area  
(GCA, %) 

C. gigas 
C. corteziensis 

14.6±3.7 b 
9.6±2.5 b 

41.3±2.9 a 
29.7±2.8 a* 

16.4±2.7 b 
11.3±2.1 b 

6.5±3.9 b 
8.8±4.1 b 

Reproductive potential 
1 

C. gigas 
C. corteziensis 

2337±253 ab 
1945±297 b 

2877±91 a 
3059±166 a 

1876±188 b 
1843±162 b 

558±130 cJan 
430±263 b 

Ovary Maturity Index 2 
C. gigas 

C. corteziensis 
63.9±9.9 b 
52.7±8.9 b 

241.2±11.1 a 
172.0±10.9 a* 

59.4±8.2 b 
52.7±8.9 b 

4.4±1.3 b  
0.2±0.04 b 

Index of Gonadal Development 
3
 

C. gigas 
C. corteziensis 

8.04±1.5 c 
13.75±1.2 b 

63.06±3.9 b 
59.10±5.6 a 

81.20±1.9 a 
68.45±3.6 a* 

56.66±6.3 b 
48.66±11.5 ab 

      
Data were analyzed using stage as the independent variable (4 levels) in a unifactorial ANOVA (P<0.05). Results are reported as mean ± standard error.  631 

Different letters indicate significant differences; species were analyzed separately (P<0.05). For each maturation stage, significant differences between 632 

species are shown with an *.  1The Reproductive potential is based on fecundity = 4/3π × radius of oocyte3× total number of oocytes described by Heffernan 633 

and Walker (1989). 2 The Ovary Maturity Index = GCA x Oocyte area x total number of oocytes, as described by Arcos et al. (2005). 3 Index of gonadal 634 

development calculated as the ratio of postvitellogenic oocytes in relation to the total number of oocytes present in the gonad, as described by Lannan (1980). 635 
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Table 2. Frequency distribution (%) of hits for proposed visual maturation stage or the reproductive scale determined by oocyte average diameter, in relation 637 

to the ordinal stage of gonad development assigned by histology of C. corteziensis sampled from Bahía Ceuta, Sinaloa, Mexico.  638 

  
Stage 0 

Immature 

Stage I 

Previtel. 

Stage II 

Vitel. 

Stage III 

Postvitel. 

Stage IV 

Spawned 

V
is

u
a

l 

m
a

tu
ra

ti
o
n

  Immature 16.7 11.1 8.3 38.9 25.0 

Early maturation 29.5 22.7 18.2 27.3 2.3 

Late maturation 11.9 21.4 50.0 14.3 2.4 

Spawning 4.8 33.3 52.4 4.8 4.8 

       

R
ep

ro
d

u
ct

iv
e 

sc
a
le

 

Early maturation 0 71.4 0 0 28.6 

Growing 0 0 50.0 0 50.0 

Mature 0 2.2 22.2 31.8 43.2 

Degenerating 0 23.1 7.7 42.9 28.6 

Data were analyzed using a Table of contingency: 639 

Visual maturity for females: X2 = 67.2, Degrees of freedom = 15, P<0.01 640 

Reproductive scale based on oocyte diameter: X2 = 46.1, Degrees of freedom = 12 P<0.01 641 
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