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Background and Justification  

Blue crabs are one of the most important commercial and recreational fisheries in New Jersey 

(Kennish et al. 1984; Stehlik et al. 1998) and throughout the mid-Atlantic region (Jordan 1998).  Over 

the past three decades, blue crab populations in other mid-Atlantic estuaries (e.g., Chesapeake Bay and 

Delaware Bay) have declined drastically (Abbe and Stagg 1996; Cole 1998; Uphoff 1998).  Over the 

past decade, as crab catches continue to decline in the Delaware portion of Delaware Bay, the relative 

importance of New Jersey blue crab populations has increased 10-fold in terms of both commercial 

landings and economic value (NOAA fisheries data).  Some of this increase stems from New Jersey 

estuaries other than Delaware Bay.  For example, in the past decade, the proportion of New Jersey’s 

blue crab catch from Barnegat Bay has doubled (NJ-DEP unpublished data) and fishing effort has risen 

in terms of the number of fishermen (43%) and the number of fishing days (41%) (NJ-DEP 

unpublished data).  As the relative importance of blue crab populations in estuaries like Barnegat Bay 

increases, the extent of fishing effort and the potential for user conflicts may continue to increase.  

Therefore it is critical to gather information about the population status and the potential effects of 

fishing effort on blue crab populations in estuaries like Barnegat Bay.  Indeed, both the BBNEP 

Monitoring Program Plan (MPP) and the BBNEP Fisheries Workgroup have identified blue crabs as a 

priority species in Barnegat Bay.  Furthermore, NJ-DEP makes direct management decisions 

concerning populations of blue crabs in New Jersey, unlike management decisions for finfish 

populations which go through the mid-Atlantic States Fisheries Commission (personal communication, 

Brandon Muffley, fisheries chief, NJ-DEP).      

In finfish (Trippel 1995; Rochet 1998; Conover and Munch 2002) and other crustaceans 

(Daniel et al. 1989; Sainte-Marie et al. 1995), exploitation influences the biology of organisms in a 

variety of complex ways.  This may be particularly true for blue crabs since the fishery is seasonally 

both size- and sex-biased.  Over the past decade in Barnegat Bay, removal rates during the summer 

reproductive season have doubled for males relative to that of females (NJ-DEP unpublished data) 
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however the winter dredge fishery predominantly removes females (NJ-DEP unpublished data).  In 

other mid-Atlantic estuaries, intense fishing pressure on males, has produced significant alterations in 

local blue crab population structure, including reduced numbers of large reproductive adults of one or 

both sexes (Cole 1998; Abbe 2002; Lipcius and Stockhausen 2002), which may negatively impact blue 

crab reproduction in significant but subtle ways that exacerbate population declines, including 

reducing the amount of time and sperm males provide to each of their sexual partners (Jivoff 1997a; 

Jivoff 1997b; Kendall and Wolcott 1999; Hines et al. 2003).  The reproductive potential of female blue 

crabs may be dictated by the quantity of material available for fertilization because most females use 

stored sperm from a single male to fertilize their lifetime supply of eggs (Van Engel 1958; Jivoff 

1997a) and females with reduced sperm stores produce infertile eggs more quickly (Hines et al. 2003; 

Jivoff 2003).  Female blue crabs may produce several broods of fertilized eggs during their 

reproductive lifetime; however the actual number is still unknown and may be influenced by female 

size, seasonal effects including overwintering, and stored sperm supplies (Hines 1982; Prager et al. 

1990; Jivoff 2003; Wolcott et al. 2005).  Therefore, the seasonal and lifetime fecundity of blue crabs in 

New Jersey, near the northern limit of the blue crab range, may vary from that in other locations, 

requiring different decisions to effectively manage New Jersey blue crabs.  In Chesapeake Bay, the 

abundance of adult females, or the spawning stock, influences recruitment (Lipcius and Stockhausen 

2002).  The positive relationship between larval supply and recruitment in blue crabs (Lipcius and 

Stockhausen 2002) and the potential factors influencing female reproductive potential (Jivoff 2003) 

suggest that it is important to understand the factors that influence not only the quantity of adult 

females but also their quality in terms of reproductive potential.  Indeed, fisheries biologists in 

Chesapeake Bay have indicated that empirical data on spatial variation in fecundity of blue crabs are 

needed to improve the predictive capacity of fisheries models (Miller 2003). 

Barnegat Bay offers an opportunity to examine both natural and potential anthropogenic 

influences on the fecundity of female blue crabs.  My previous work in Barnegat Bay indicates that the 
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majority of ovigerous females are concentrated in areas near both openings to the ocean: Barnegat and 

Little Egg Inlets.  These areas are physically similar (e.g., temperature, salinity, dissolved oxygen) but 

differ in the extent of fishing effort, such that Barnegat Bay proper has considerably more fishing 

effort, both in terms of number of fishermen and number of fishing days, than Little Egg Harbor (NJ-

DEP unpublished data).  This project examined the influence of female size, season, and relative 

fishing effort (as indicated by NJ-DEP unpublished data) on the fecundity of adult blue crabs in 

Barnegat Bay using field sampling with commercial-style traps and a field experiment.  I also 

measured temporal and spatial variation in the dimensions of female broods (as a gross estimate of 

brood volume) and aspects of the reproductive potential (e.g., sperm stores) of both sexes.     

Methods 

Field Sampling 

I examined the abundance, size, and reproductive status of adult female blue crabs using baited 

(with menhaden) traps sampled daily for four consecutive days, every other week from May-August 

2010.  Traps had consistent “soak times” and bait was replaced daily.  In Barnegat Bay, blue crab 

spawning occurs near the inlets (Barnegat and Little Egg) that connect each major embayment to the 

ocean (Barnegat Bay and Little Egg Harbor).  The area near each inlet contained four sampling areas 

with four sampling sites in each area (Figure 1).  On each sampling day, at least three traps were 

randomly assigned to one of the four sites within each sampling area and placed at least 50m apart 

from one another.  In each embayment (from this point, aka, estuary), two sampling areas were located 

in the central portion of the estuary and two sampling areas were located near the western shore.  

When possible, sites within each area were located at two habitat types: open water and near-shore 

(either mainland or island).  Crabs were separated by trap, returned to the Rutgers University Marine 

Field Station, and measured for carapace width, sex, sexual maturity, molt stage, limb loss and 

regeneration, and ovigerous stage (adult females).  Sexual maturity and molt stage were be determined 

using previously established methods (Jivoff 1997b).  The broods of ovigerous females were measured 
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in three directions: width (laterally at the middle of the brood), length (vertically at the middle of the 

brood) and depth (thickness of the brood).  In addition, sub-samples of eggs (n> 25 eggs) were 

removed from 4 locations within the brood and preserved in 70% ethanol for subsequent assessment of 

egg volume and viability.  Crabs from these collections were also used for the field experiment on 

fecundity and measurements of reproductive potential (see below).  Physical characteristics including 

depth, salinity, temperature, and dissolved oxygen were taken with a hand-held YSI datalogger at the 

first and last trap in each site.   Dependent variables were compared using ANOVA and differences 

among multi-level independent variables were discerned with Tukey HSD. 

Field Experiment 

Ovigerous females collected in May (thus presumably carrying their first brood) were held in 

field enclosures to assess the following factors on seasonal female brood production: capture location 

(near Barnegat versus near Little Egg Inlet), carapace width (three size classes=small, medium and 

large), and food level (low=fed once per week or high=fed three times per week).  Six females in each 

of three size classes captured near each inlet were assigned to each of two food levels (n=72 females).  

These females were checked three times per week for the presence of a new brood of eggs.  The width 

(laterally at the middle of the brood), length (vertically at the middle of the brood) and depth (thickness 

of the brood) of new broods were measured.  Dependent variables were compared using repeated 

measures ANOVA. 

Reproductive Potential 

A weekly sample of crabs (n> 10 of each sex) and of ovigerous females (n>10), captured near 

each inlet were frozen for subsequent dissection and measurement of reproductive potential: sperm 

stores and seminal fluid weight in males; sperm stores, ovarian weight and developmental stage, brood 

stage and egg number in females using previously established techniques (Jivoff 1997b; Hines et al. 

2003).  Dependent variables were compared using ANOVA and differences among multi-level 

independent variables were discerned with Tukey HSD. 
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Results 

Physicals 

 All of the physical variables collected (temperature, salinity, dissolved oxygen and depth) 

displayed significant monthly variation in predictable patterns (Table 1).  In each estuary, temperature 

increased between May and July with a decline in August (Table 1).  Salinity also increased in each 

estuary on a monthly basis from May to August (Table 1).  In both Barnegat Bay and Little Egg 

Harbor, dissolved oxygen dropped sharply between May and June followed by a smaller decline 

between June and July (Table 1).  In each estuary, depth declined gradually between May and August 

(Table 1), however this was likely due to sampling being conducted more often at ebb or low tide as 

the summer progressed.  Spatial variation was also observed in some of the physical variables.  For 

example, Barnegat Bay had lower monthly salinities than Little Egg Inlet (Table 1).  However at finer 

spatial scales (e.g., among sampling areas within estuaries), the absolute value of these differences was 

small and showed few distinct patterns.  For example, the sampling area closest to Barnegat Inlet 

showed lower temperatures and higher salinities as compared to other sampling areas. 

 
Table 1.  Monthly average (+ 1 SD in parentheses) temperature, salinity, dissolved oxygen (D), and 
depth in each estuary. 
 Temperature 

(oC) 
Salinity 

(ppt) 
DO 

(mg/L) 
Depth 

(m) 
Month BB LEH BB LEH BB LEH BB LEH 
May 18.7 (1.6) 20.1 (0.8) 25.5 (2.0) 26.9 (0.7) 11.2 (3.2) 11.2 (3.1) 1.7 (0.2) 1.9 (0.3) 

June 22.7 (2.6) 23.7 (2.7) 27.7 (0.9) 29.0 (0.7) 6.9 (1.0) 6.7 (1.0) 1.7 (0.2) 1.8 (0.2) 

July 27.0 (1.0) 27.9 (0.9) 28.7 (0.5) 30.2 (0.2) 5.7 (1.0) 6.1 (0.7) 1.6 (0.2) 1.7 (0.3) 

August 25.6 (0.8) 26.1 (0.6) 30.0 (0.6) 30.8 (0.5) 6.2 (0.7) 6.8 (0.9) 1.6 (0.2) 1.7 (0.2) 

 
Field Sampling 

 A total of 5,638 blue crabs were captured during the course of this study: 3,323 adult males, 

1,877 adult females, 167 juvenile males, 262 pre-pubertal females, and 9 juvenile females.  The 

abundance of females varied both temporally (among months) (F3,672=18.33, P<0.0001) and spatially; 
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between estuaries  (F1,672=22.61, P<0.0001) and among sampling areas within estuary (F1,672=4.57, 

P=0.03).  Overall, there were more females in Barnegat Bay than Little Egg Harbor and this pattern 

was consistent among the months (Figure 2).  In each estuary, particularly Barnegat Bay, there were 

more females in the central portion of the estuary than along the western shore (Figure 3).  

Interestingly, the opposite pattern was seen in males who were more abundant along the western shore 

than in the central portion of each estuary (Figure 3).   

The abundance of ovigerous females did not vary by estuary (F1,229=0.77, P=0.38) or by month 

(F3,229=1.01, P=0.36).  However, monthly variation did exist between locations within the estuary 

(month x location interaction; F3,229=3.96, P=0.009).  The number of ovigerous females in the central 

portion of the estuary increased monthly between May and July with a concomitant decrease (although 

to a lesser extent) of ovigerous females along the western shore between May and August (Figure 4).  

In addition, between May and August, the percentage of ovigerous females with late stage broods 

increased in the central portion of the estuary but decreased in the western shore (stage 3; χ2=71.4, 

df=6, P<0.0001 and stage 4; (χ2=108.0, df=6, P<0.0001).  Together, these results suggest that 

ovigerous females move toward the inlets (via the central portion of the estuary) as their time to spawn 

approaches.   

The size of females varied by month (F3,372=8.37, P<0.0001) and by habitat (F1,372=10.37, 

P=0.001).  Female size decreased in July and August as compared to May and June.  This decrease in 

female size corresponds to an increased number of pre-pubertal females in July and especially in 

August (χ2=108.7, df=3, P<0.0001).  Females were smaller near shorelines than in open habitats but 

this was not associated with a significant increase in the number of pre-pubertal females near-shore.   

Field Experiment 

Adult females captured in the ovigerous stage (presumably their first brood of the season) that 

were held in field enclosures produced varying numbers of subsequent broods throughout the summer: 
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36 (50%) produced one additional brood, 12 (17%) produced two additional broods, and 9 (13%) 

produced three or more broods (1 female produced a total of 5 subsequent broods).  Based on repeated 

measures analysis on females that produced three subsequent broods, the brood volume of successive 

broods decreased significantly (F2,16=6.55, P=0.008) but brood volume was not influenced by food 

level (F1,7=2.02, P=0.198).  For females that produced two subsequent broods, the volume of the 

second brood was significantly smaller than the first brood (F1,10=11.27, P=0.007) and females fed 

once per week produced significantly smaller successive broods than females fed three times per week 

(F1,10=6.12, P=0.033) (Figure 5).  In addition, females fed three times per week produced subsequent 

broods significantly faster than females fed once per week (F1,3=158.5, P=0.001) (Figure 6).  The 

above differences in brood volume and timing of brood production are not due to female size which 

did not differ between food treatments (F1,52=0.023, P=0.879) or among females producing different 

numbers of successive broods (F2,52=0.704, P=0.499).   

Reproductive Potential 

 The spawning season (based on the presence of ovigerous females) minimally went from May-

August.  In May, there were females present showing signs of recent spawning (egg remnants on the 

abdominal pleopods) suggesting females may begin producing broods in April.  In August, the largest 

percentage of females showing signs of recent spawning was present but the percentage of females 

with early stage broods was not reduced compared to earlier in the summer suggesting that the 

spawning season may easily extend into September. 

The volume of broods from females captured in the field was influenced by the developmental 

stage of the brood (F3,481=14.59, P<0.0001) and was positively correlated with female size (ANCOVA 

with female size as covariate; F1,481=423.24, P<0.0001).  The volume of stage 1 broods (newly 

produced) was significantly smaller than later stage broods; stage 3 (Tukey HSD, P<0.0001) and stage 

4 (Tukey HSD, P=0.014).  Stage 2 broods (early stage) were also smaller than stage 3 broods (Tukey 
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HSD, P<0.0001).  These differences in brood volume among the brood stages were not associated with 

female size which did not differ among females holding different staged broods (F3,314=2.43, P=0.07). 

The amount of sperm and seminal fluid females had stored in the spermathecae (or seminal 

receptacles) varied positively with female size (ANCOVA with female size as covariate; F1,190=5.60, 

P=0.019) and ovarian stage (F3,190=51.36, P<0.0001).  As ovarian stage progressed, the amount of 

sperm and seminal fluid in the spermathecae of females decreased significantly (all pairwise 

comparisons P<0.05) except between stages 1 and 2.  The amount of sperm and seminal fluid stored by 

females showing signs of recent mating (ovary stages 0 and 1) varied positively with female size 

(ANCOVA with female size as covariate; F1,31=7.22, P=0.012) and exhibited a different monthly (for 

July and August only) pattern between the estuaries (month x estuary interaction; F1,31=8.27, P=0.007).  

In Barnegat Bay, female spermathecae stores decreased between July and August whereas in Little 

Egg Harbor female spermathecae stores increased (Figure 7).  These changes in female spermathecae 

contents are not the result of significant differences in female size (either between the estuaries or the 

months), and therefore may reflect changes in conditions that influence how much sperm and seminal 

fluid females receive during mating. 

 

Discussion 

The objectives of this project were to examine the influence of female size, season, and relative 

fishing effort on the fecundity of adult blue crabs in Barnegat Bay.  I also measured temporal and 

spatial variation in the abundance and size of adult and ovigerous females, the dimensions of female 

broods (as a gross estimate of brood volume) and aspects of the reproductive potential (e.g., sperm 

stores) of both sexes.  All of this information is important for characterizing the blue crab spawning 

stock in Barnegat Bay which is a critical component of the population from a management perspective 

(Lipcius and Stockhausen 2002; Rittschof et al. 2009).  My previous work (2008-2009) examining 

population characteristics of adult blue crabs throughout the Bay concentrated on sampling along the 
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western shore of the Bay.  The current project included sampling along the western shore as well as in 

the central portion of the estuary.  As a result, one of the major differences between previous work and 

the current project is the sex ratio of adults.  In 2008-2009, the adults along the western shore were 

distinctly male biased (an average male:female ratio of 3:1), particularly as salinities decreased.  The 

current project captured a similar number of crabs as compared with the annual catch in previous 

years, but the sex ratio of adults was much closer to unity (an average male:female ratio of 1.7:1).  In 

addition, males were consistently more abundant along the western shore than females but females 

exhibited a season pattern in spatial variation; as the summer progressed, more females were captured 

in the central portion of the estuary than along the western shore.  In addition, many of these females 

were ovigerous with late stage broods.  Taken together, these results suggest that the central portion of 

the estuary is an important area for adult females, particularly those enroute to the inlets where 

spawning occurs.  In other estuaries, adult female blue crabs are well known for migrating towards the 

mouth of the estuary from wherever they have mated either moving along the bottom near shorelines 

(Aguilar et al. 2005) or near the surface during ebb tides (Tankersley et al. 1998).   

In Barnegat Bay, the current sampling suggests the spawning season (based on the presence of 

ovigerous females) extends from at least May-August with evidence that females may begin spawning 

in April and continue at least until September.  This is similar to other locations in New Jersey (Stehlik 

et al. 1998) and other mid-Atlantic estuaries such as Chesapeake Bay (Van Engel 1958) but a shorter 

season than estuaries further south (Steele and Bert 1994; Dickinson et al. 2006).  The size (as 

measured by volume) of broods produced by females in the field was positively correlated with female 

size as seen previously in blue crabs (Hines 1982; Prager et al. 1990) and in a variety of other species 

of crabs (Hines 1982; Hines 1991; Sainte-Marie 1993).  The volume of broods produced by females in 

the field increased with the developmental stage of eggs because, as seen in other species, individual 

eggs increase in volume during egg development (Hines 1982).  This egg developmental stage effect 
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on brood volume is further supported because the size of females carrying eggs of different 

developmental stages did not differ, thus eliminating the effect of female size on brood volume.   

The field experiment also elucidated factors that influence brood size and the timing of brood 

production.  The experiment provided the first evidence that female blue crabs in New Jersey can 

produce multiple broods of eggs (one female produced five broods) during the 4-5 month spawning 

season.  The volume of broods decreased with the number of successive broods produced, as seen in 

blue crabs from North Carolina (Dickinson et al. 2006; Darnell et al. 2009), and this decrease was 

exacerbated in females receiving a low level of food compared to those receiving a high level of food.  

Females in the low food treatment also took more time to produce subsequent broods than females in 

the high food treatment.  Brood production is energetically costly and female blue crabs do not 

manufacture their entire seasonal supply of unfertilized eggs at the beginning of the spawning season 

(Hard 1945), suggesting that during the spawning season, energy converted from food must be 

allocated to ovarian development particularly for broods produced later in the season.  In other 

crustaceans, the diet of females influences the extent of ovarian development (Gendron et al. 2001; 

Yamaguchi 2003).  In a variety of crab species, much of the chemical energy incorporated into 

individual eggs (e.g., proteins, lipids, carbohydrates) sustains the larvae during development (Garcia-

Guerrero et al. 2003; Figueiredo and Narciso 2008).  Therefore the diet of females during the spawning 

season my influence brood size, the number of broods produced, the timing of brood production, and 

larval success.  To my knowledge, this is the first evidence that diet influences the size and the timing 

of brood production in female blue crabs.   

Differences in brood production or fecundity between Barnegat Bay and Little Egg Harbor 

were not readily apparent.  While the abundance of females was consistently greater in Barnegat Bay 

than in Little Egg Harbor, there was not a significant amount of spatial variation in the volume of 

broods produced by ovigerous females or in any of the contributing factors to variation in brood 

volume including female size (Hines 1982; Prager et al. 1990) or sperm stores of ovigerous females 
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(Hines et al. 2003).  This lack of spatial variation between Barnegat Bay and Little Egg Harbor 

suggests that despite the greater extent of fishing pressure in Barnegat Bay (NJ-DEP unpublished data) 

there is little direct evidence that fishing effort is negatively influencing female brood production or 

fecundity.  However, the sperm stores of recently mated females in the two estuaries showed a 

different temporal pattern.  Recently mated females in Barnegat Bay contained decreasing amounts of 

sperm and seminal fluid in their spermathecae between July and August whereas recently mated 

females in Little Egg Harbor stored increasing amounts of sperm and seminal fluid.  The extent of 

fishing effort is greater in Barnegat Bay than Little Egg Harbor and during the summer fishing effort 

concentrates on males (NJ-DEP unpublished data).  As seen in other systems with even more intense 

fishing pressure (Hines et al. 2003), the greater fishing effort in Barnegat Bay may have allowed 

relatively small males (with lower sperm and seminal fluid stores) greater access to females due to the 

loss of larger, competitively dominant males and thus females received decreased amounts of sperm 

and seminal fluid.  It is not clear if these reduced stores will produce differences in fecundity or brood 

production between the estuaries because these females will not produce broods until the following 

spring thus correlative data on female sperm stores and resultant female fecundity require data from 

successive years.  In other systems, experimental work has shown that the sperm and seminal fluid 

stores of females influences the extent of brood production (Hines et al. 2003), however this 

experiment has not been performed with New Jersey blue crabs. 
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Figure 1.  Map of Barnegat Bay indicating the approximate location of the four sampling areas in each 
estuary (encircled in solid line) and the four sampling sites (triangles) in each sampling area. 
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Figure 2.  Monthly average (+ 1 SE) number of females per trap in 
Barnegat Bay and Little Egg Harbor, May-August, 2010. 

Figure 3.  Average (+ 1 SE) number of males and females per trap 
in central and western shore locations of Barnegat Bay and Little 
Egg Harbor, May-August, 2010. 

Figure 4.  Monthly average (+ 1 SE) number of ovigerous females 
per trap in central and western shore locations of Barnegat Bay 
and Little Egg Harbor, May-August, 2010. 
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Figure 5.  Average (+ 1 SE) volume of successive broods 
produced by females held in field enclosures under one of two 
food levels May-August, 2010. 

Figure 6.  Average (+ 1 SE) number of days between successive 
broods produced by females held in field enclosures under one of 
two food levels May-August, 2010. 

Figure 7.  Monthly average (+ 1 SE) weight of seminal receptacles 
from recently mated females Barnegat Bay and Little Egg Harbor, 
July-August, 2010. 
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