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ABSTRACT: The prevalence and geographic distribution of Nadelspora canceri, a recently described 
microsporidian parasite of the Dungeness crab Cancer magister, was studied and prevalences were 
analyzed by sex and size of host crab and date of collection. Nadelspora canceri was widely distributed 
along the United States Pacific Coast in estuaries from Bodega Bay, California, to southern Washington. 
Prevalence of the parasite was high in crabs from most estuaries sampled, ranging from a low of 0.4 % 
(Gray's Harbor, Washington) to 41 .2  (Tillamook Bay, Oregon) with an overall mean of 14  X. The par- 
asite also occurred offshore of California and Oregon, but was not found in Puget Sound, Washington 
or in Glacier Bay, southeastern Alaska. The prevalence of infection in crabs captured in the open ocean 
was low (0.3%), and in crabs taken from nearshore at estuary mouths it was intermediate between 
estuarine and open-ocean levels. The infection was most prevalent (22.4 %) in 2 yr old crabs (13 cm 
carapace width) and males had approximately 2.5 times hlgher rate of infection than did females 
(10.7 vs 3.3 %) No significant annual or seasonal variations in infection prevalence were detected. 
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INTRODUCTION 

Microsporidians are among the most common and 
most pathogenic of crustacean disease agents (Couch 
1983, Sparks 1985) and are especially well docu- 
mented among the decapods (Sindermann 1990). Most 
microsporidians of decapods infect muscle tissue caus- 
ing a white discoloration on gross examination and 
muscle destruction. Sparks (1985) and Sindermann 
(1990) have reviewed decapod microsporidiosis. 

Although microsporidian parasites have been 
reported to infect a variety of brachyuran crabs 
(Sprague 1965, 1970, 1977a, b, Morado & Sparks 1988, 
Overstreet 1988), little information has been reported 
on the geographic range or infection prevalences in 
crab populations. 
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A microsporidian parasite, Nadelspora canceri, 
infecting Dungeness crabs Cancer rnagister has re- 
cently been described (Olson et al. 1994). This 
parasite has unusual needle-shaped spores (-10 X 

<0.25 pm) and is a new genus and species within 
the new family Nadelsporidae. In initial observations, 
parasite prevalence levels in Alsea Bay, OR, USA, 
were approximately 20 %, unusually high when com- 
pared to other reports of decapod microsporidians 
(Overstreet & Whatley 1975, Olson & Lannan 1984). In 
contrast, crabs taken from Yaquina Bay, OR (24 km 
north of Alsea Bay) had prevalence levels of approxi- 
mately 1 %. 

This study was designed to determine the preva- 
lence of Nadelspora cancer1 in Dungeness crabs over a 
large portion of the host geographic range from Cali- 
fornia to Alaska (U.S. Pacific Coast). Crabs were sam- 
pled from estuaries, embayments, near the entrances 
to estuaries, and offshore. In addition, the relationship 
between crab sex/size and parasite prevalence was 
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investigated. Data were also collected to determine if 
there was seasonal or annual variation in parasite 
prevalence. 

MATERIALS AND METHODS 

Collection of crabs. Dungeness crabs were usually 
collected with baited crab rings and pots near high tide 
during daylight. Rings were lined with 0.6 cm nylon 
mesh to allow capture of juvenile crabs (11.0 cm) as 
well as larger crabs. Some Yaquina Bay samples were 
collected in a 4.8 m semiballoon otter trawl lined with 
a 0.6 cm nylon mesh cod end. Crabs were also col- 
lected aboard commercial crabbing vessels offshore in 
csz. r r ,erc id  crab pcts,  some of which were l ined with 
nylon mesh as above to trap smaller specimens. Sam- 
ples were also collected just outside the entrances to 
Alsea Bay and Tillamook Bay, OR, using nylon-lined 
crab pots. Further samples were collected from sea- 
food processing plants in Newport, OR. These crabs 
were caught by commercial crabbing vessels from 
Tillamook Bay (45.5" N, 123.87" W) to the Siuslaw 
River estuary (44.0" N, 124.07" W) within 10 km of 
shore. All crabs examined at the processing plants con- 
sisted of male crabs, greater than 15.5 cm carapace 
width (CW). 

The carapace width of each crab was measured to 
the nearest millimeter just anterior to the 10th antero- 
lateral spine and the sex recorded for crabs >3.0 cm 
CW. Crabs 53.0 cm CW could not be accurately sexed. 

The presumptive presence or absence of microspori- 
dian infection was determined by gross examination of 
the muscle seen through the penarticular membrane at  
the base of each thoracic appendage. Muscle of in- 
fected crabs appeared white and opaque in contrast to 
the translucent appearance of uninfected crab muscle. 
An appendage was removed from all crabs which 
appeared grossly infected and examined by phase 
contrast microscopy at 400x to confirm the presence of 
the morphologically unique Nadelspora cancer1 spores 
(Olson et al. 1994). Muscle tissue from 500 grossly un- 
infected crabs was also examined microscopically to 
test the accuracy of preliminary diagnosis based on the 
absence of gross signs of disease. In no instance did 
grossly negative crabs contain N. cancerispores. Crabs 
collected from Alsea Bay were taken to the holding fa- 
cility at the Hatfield Marine Science Center, Newport, 
for further examination and disposal. Crabs collected 
from all other locations were released after removing a 
muscle sample from those that appeared infected. 

Collection sites. Crabs were collected between June 
1990 and June 1994 from Pacific Northwest estuaries 
and Puget Sound, WA, as listed in Fig. 1. In addition, 
samples were collected from Glacier Bay, Alaska, in 
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Fig. 1. Locations of sampling sites from which Dungeness 
crabs were collected for determination of Nadelspora canceri 

prevalence 

September 1994 by personnel from the University of 
Alaska, Fairbanks. 

Evaluation of seasonal effects. Alsea Bay was the 
site of repeated sampling without replacement to 
examine seasonal variations in infection levels. The 
area sampled was restricted to approximately 1 km 
northeast and southwest of the US Highway 101 bridge 
(Fig. 2). Crabs were collected each calendar month 
beginning in October 1991 and continuing through 
June 1994. Eleven samples were taken from Yaquina 
Bay on approximately a quarterly basis during the 
same period. 
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the geographic range in which the parasite was 
detected (southern Washington to northern Califor- 
nia), the prevalence was 14.0%). There was substantial 
variability in the prevalence of Nadelspora canceri 
among the sampling sites, ranging from a low of 0.44% 
at  Gray's Harbor, WA, to 41.4%) at  Tillamook Bay 
(Table 1 ) .  The overall infection rate of crabs from Alsea 
Bay which was sampled at  monthly intervals for nearly 
3 yr was 19.2%. In all but 3 cases, microscopic exami- 
nation of muscle tissue from the grossly infected crabs 
confirmed the presence of N. cancen spores. In the 
3 individuals (2 from Puget Sound, 1 from Winchester 
Bay) in which the muscle opacity was not a result of N. 
canceri infection, a n  undescribed microsporidian from 
the collective genus Microsporidium was detected. Of 
the crabs that were categorized as diseased based 
upon gross examination, 26 exhibited a slight white 
streaked appearance rather than the more commonly 
observed white, oDaaue muscle. When examined . . .  
microscopically, all of the crabs with white streaks in 
the muscle were found to be infected with N. canceriin 

I I 
the early stage of the infection (Olson et  al. 1994). 

Fig. 2. Sites in AIsea Bay from which crabs were collected on ~ i c r o s c o p i c  examination of 500 crabs that  were col- 
a monthly basis for approximately 3 yr Numbers indicate 

approximate sites of collection lected from Alsea Bay and categorized macroscopi- 
cally a s  uninfected revealed no microsporidian spores. 

Statistical analysis. The data on the occurrence of 
the microsporidian parasite were analyzed using a 
logistic regression model for binomial proportions. 
Analyses were carried out using the Statistica-Mac 
application (Statsoft Corp., Tulsa, OK). Parasite preva- 
lence (proportion of crabs infected with Nadelspora 
canceri) was used as a response variable in the model. 
The independent variables, which were treated as 
classification variables in the model, were CW, sex and 
sample month. The size variable was created by 
grouping crabs within each sample into 1 cm CW 
increment size classes. A logit transformation of the 
response variable was used to linearize the relation- 
ship between the parasite prevalence and the inde- 
pendent variables (Healy 1988, Atkin et  al. 1989). The 
error distribution in the model was assumed to be bino- 
mial. A goodness of fit test was used to determine if the 
relationship between the response variable and the 
independent variables was statistically significant. 

RESULTS 

Geographic range and  prevalence of Nadelspora 
canceri in estuaries and  embayments 

A total of 12656 Dungeness crabs was examined 
from the locations listed in Table 1 and microsporidian 
infections were detected in 1134 (9.0 %) crabs. Within 

Table 1 Nadelspora cancen infecting Cancer rnagister. 
Prevalence of parasites in Dungeness crabs in estuaries and 
embayments of the Pacif~c Coast of the United States. Sam- 
ples were collected by trawl or In crab pots, vlsually examined 
for the presence of muscle abnormalities and confirmed as 

N. cancer] by microscopic examination 

Sample slte No. 
sampled 

Bodega Bay, CA 4 
Humboldt Bay, CA 171 
Crescent City Harbor, CA 33 
Coquille Estuary, OR 228 
Coos Bay, OR 264 
Winchester Bay, OR 147 
Siuslaw Estuary, OR 203 
Alsea Bay, OR 3600 
Yaquina Bay. OR 1915 
Siletz Bay, OR 45 
Nestucca Bay. OR 46 
Netarts Bay, OR 499 
Tillamook Bay, OR 244 
Nehalem Bay, OR 211 
Columbia k v e r  163 
Willapa Bay, WA 303 
Gray's Harbor, WA 453 
Dungeness Bay, WA 215 
Kala Pt., WA 131 
Mukilteo. WA 200 
Glacier Bay, AK 3581 

Total 12656 

No. 
infected 

1 
25 

0 
7 

28 
8 
3 

690 
3 7 

4 
4 

170 
101 
30 

3 
2 1 

2 
0 
0 
0 
0 

1134 

Percentage 
infected 



138 Dis aquat Org 24: 135-142, 1996 

Samples of Dungeness crab were 
taken from Bodega Bay, CA, in the 
south to Glacier Bay, AK, in the north, 
encompassing a large portion of the 
geographic range of the species. 
Twenty-one sites were sampled and 
the parasite was detected in crabs 
from all sites except for Crescent City 
Harbor, CA, 3 sites in Puget Sound, 
and Glacier Bay. The northernmost 
site from which infected crabs were 
detected was Gray's Harbor. Within 
the range in which the parasite was 
found, there was no significant rela- 
tionship between the geographic lati- 
tude (i .e.  ~ ? ~ ) r t h  !C) sclc?th) frnm which 
the samples were taken and the 
prevalence level of the disease (r2 = 

0.01), although the prevalence was 
low from the Washington estuaries 
sampled. Sampling of crabs from non- 
estuarine areas of Puget Sound (546 
crabs) and Glacier Bay (3581 crabs) 
failed to detect the parasite (Table 1). 

Parasite prevalence in crabs 
collected offshore and nearshore 

Table 2. Nadelspora canceri infecting Cancer magister. Prevalence of parasites 
in Dungeness crabs collected from nearshore and offshore locations, and at 
seafood processors. Values in parentheses indicate percentage infected. n: no. 

sampled 

Sample from S u e  Sex n No. infected 
(cm) ("/.l 

Seafood processors 215.0 Male 9317 

Offshore 

Total: 

!Ve=shnre 
Alsea Bay entrance 

Total: 

510.0 Male 0 
Female 5 

10.1-15.0 Male 1238 
Female 3032 

>15.0 Male 2249 
Female 339 

6863 

Tillamook Bay entrance 55.0 
5.1-10.0 

The results of examining large, male I 
crabs collected by commercial crab- 
bers, crabs of various sizes collected 
offshore, and crabs collected near the entrances to 
Alsea and Tillamook Bays are given in Table 2. Adult 
male Dungeness crabs > l 5  cm CW which had been 
harvested commercially were examined at seafood 
processing plants. Of 9317 crabs examined, 28 were 
found to be infected wlth Nadelspora canceri (0.3% 
prevalence). The prevalence of N. canceri in crabs of 
all sizes collected offshore was 0.26%. 

The parasite prevalence in crabs collected near estu- 
ary entrances was more than 10-fold lower than in the 
estuaries themselves (1.2 vs 19.1 "/>, Alsea; 3.1 vs 
4 1.4 %, Tillamook). 

Of a total of 85 crabs with gross signs of microspori- 
dian infection collected offshore and nearshore, 12 
were infected with the Microsporidium sp. 

Relationship between the prevalence of Nadelspora 
canceri and crab sex and size 

The relationship between crab sex and size and 
Nadelspora canceri infection rate was analyzed for 
estuarine crabs >3.0 cm CW from geographic areas 

Unsexed 
Male 
Female 
Male 
Female 
Male 
Female 

Unsexed 
Male 
Female 
Male 
Female 
Male 
Female 

Total: 639 20 (3.1) 

where the parasite was detected. Of the 8078 crabs 
sampled from these areas, 59.8% were male and 
40.2 % female; in some instances, crabs were not sexed 
and were not therefore included in this analysis. Four- 
teen percent of the crabs were infected; of these, 
10.7% were males and 3.3% were females (Table 3). 
The difference in parasite prevalence between sexes 
was highly significant (X' = 152.3, 1 df, p < 0.000001). 
The odds ratio for males infected compared to females 
infected was 2.45; that is, males were 2.45 times more 
likely to be infected than females. 

Table 3. Nadelspora canceri infecting Cancer magister. Two 
by two contingency table of sex of N. canceri-infected and 
uninfected Dungeness crabs (percentage of total in parenthe- 
ses). Only crabs which could be accurately sexed (>3 0 cm 

carapace wldth) are included 

Infection Female Total 

3969 (49.1) 2980 (36 9) 6949 (86.0) 
864 (10.7) 265 (3.3) 1129 (14.0) 

Total 4833 (59.8) 3245 (40.2) 8078 (100) 
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Carapace Wldlh  (cm) 

Fig. 3.  Nadelspora cancer) ~nfecting Cancer rnagister. Preva- 
lence of parasites in Dungeness crabs when grouped in 1 cm 
carapace width intervals. Values above bars represent total 
number of crabs sampled from that slze interval. In some 
instances, crabs collected from Alsea and Yaquina Bays and 
Gray's and Willapa Harbors were not measured and are not 

Included in the data In t h ~ s  f~gure 

Of the 18 crabs of various sizes collected offshore in 
which Nadelspora canceri was detected, none was 
female. By contrast, for crabs collected in nearshore 
areas near Alsea and Tillamook Bays, the parasite was 
detected at  about the same level in males as in females. 

There was a significant variation of infection rates 
in different size classes of crabs (Fig. 3). The preva- 
lence of Nadelspora canceri infection in crabs was 
approximately normally distributed when plotted by 
CW of the crab, with the highest prevalence occur- 
ring in crabs within the 12 to 13 cm CW interval; 
there was a slight positive skewness in the distribu- 
tion toward larger size classes. Although crabs up to 
18.9 cm CW were collected during the study, no crabs 
greater than 16.5 cm CW (CW > 16.5 cm, n = 95) 
were found to be infected w ~ t h  the parasite. Crabs a s  
small a s  0.7 cm CW were collected, and no crabs 
smaller than 2.4 cm were infected (CW < 2.4 cm, n = 

253). Analysis of the data from the prevalence level 
versus CW indicated that the increase of prevalence 
of the parasite in the 7 to 14 cm range size classes 
was entirely due  to a n  increase in the disease preva- 
lence in male crabs (Fig. 4). The infection prevalence 

rate in females remained between 6 and 10% while 
the rate in males ranged from 6 to 26%, peaking in 
the 12 to 13 cm size class. 

Prevalence of Nadelspora canceri with timelseason 

During the 4 yr study period, samples were collected 
during all months of the year. Monthly sampling was 
carried out in Alsea Bay, and sampling in Yaquina Bay 
was done approximately quarterly. Crabs from other 
areas were generally sampled once or twice during the 
course of the study. Over the 4 yr, there was no signifi- 
cant change in the overall prevalence level of Nadel- 
spora canceri infection at any sample site examined 
(Table 4 ) .  The x2 value for these data was 6.81 (32 df, 
p = 0.1465). 

Analysis of the data from all sites by month was car- 
ried out. Most of the crabs examined were from Alsea 
and Yaquina Bays (61 %), with the balance from 15 
other sites where the parasite was detected. In Alsea 
Bay, which was sampled monthly for more than 3 yr, 
the monthly prevalence ranged from 9.3 % in Septem- 
ber to 27.6 % in December; there was no seasonal trend 
in the prevalence level of the parasite. For all bays and 
estuaries in which Nadelspora canceri was detected, 
the range of prevalence by month was 6.1 % in August 
to 24.1 % in January; there was no seasonal or yearly 

Carapace Wldlh (cm) 

Fig. 4. Nadelspora cancer1 infecting Cancer mag~ster.  Preva- 
lence of parasites in male and female Dungeness crabs when 

grouped in 1 cm carapace width intervals 

Table 4. Nadelspora cancen' infecting Cancer magister. Prevalence of infection during a 4 yr sampling period. Numbers in 
parentheses indicate the percentage of positives for each year (Infected) or percentage of all crabs collected (Total). Data for 

crabs collected from Puget Sound and Glacier Bay are not included since the parasite was not detected at these sites 

1994 Total 

Uninfected 395 290 3178 2241 1291 7395 
Infected 54 (12.0) 51 (15.0) 449 (12.4) 363 (13.9) 217 (14.3) 1134 
Total 449 (5.2) 341 (3.8) 3627 (42.5) 2604 (30) l508 (17.6) 8524 
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Fig. 5. Nadelspora canceri infecting Cancer magister. 
Monthly parasite prevalence and proport~on of crabs that 

were female collected from 1990 to 1994, all sites 

trend in N. canceri prevalence (for all bays: adjusted 
r2 = 0.006; for Alsea Bay: adjusted r2 = 0.07). There was 
a much higher proportion of female crabs collected 
during late summer and early fall than at other times of 
the year (Fig. 5). Maximum likelihood analysis indi- 
cated a highly significant difference between the 
model including month only and the model including 
month X sex (X* = 293.25, 1 df, p < 0.00001), indicating 
that much of the variability in prevalence was associ- 
ated with the lower prevalence of the pathogen in 
female crabs. 

DISCUSSION 

The microsporidian Nadelspora canceri was found in 
Dungeness crabs Cancer magister at high prevalence 
in estuaries and embayments (overall level was 14 %) 
throughout a major portion of the geographic range of 
the host. It was detected at much lower levels in crabs 
from offshore locations, and at intermediate levels in 
samples taken just outside of the entrances to Alsea 
Bay and Tillamook Bay. The parasite was not detected 
in crabs taken in Puget Sound or Glacier Bay. The only 
gross sign of disease, white, opaque muscle tissue visi- 
ble through the proximal periarticular membrane of 
the appendages, while not pathognomic is highly cor- 
related with N. canceri infection. In 1134 infected 
crabs collected from the estuaries sampled in this study 
within the range of N. canceri, only a single individual 
from Winchester Bay was infected with another agent: 
an undescribed microsporidian species. However, this 
second microsporidian was detected more frequently 
in samples from the open ocean. Since N. canceri IS 

readily diagnosed by phase contrast microscopy, 
removal of an appendage for examination is all that is 
required for confirmation of the type of microsporidian 
infecting an individual. It is also possible to diagnose 
the disease by inserting a syringe needle through the 

periarticular membrane and removing a small muscle 
biopsy sample. Since the parasite is present in great 
profusion in the muscle tissue, sufficient material is 
obtained to make a diagnosis without the necessity of 
removing an appendage. 

Nadelspora canceri was found as far south as Bodega 
Bay near the southern extent of the host Dungeness 
crab range. In contrast, the parasite was detected only 
as far north as the Gray's Harbor estuary in Washing- 
ton (latitude 46.88" N). although the northern range of 
the Dungeness crab extends to approximately 62" N 
latitude (Pauley et al. 1986). 

More than 4000 crabs were collected from 2 areas 
north of Gray's Harbor (546 from Puget Sound and 
3581 from Alaska). If the parasite is present in these 
arezs, its prc-.!a!cncc must I;,$ ql;i:e rursiiig calcala- 
tions derived from the binomial distribution, at  a 95% 
confidence level, if 3500 crabs were sampled from 1 
area such as Glacier Bay, the prevalence of Nadelspora 
canceri in the population was likely to be less than 
0.0015%; likewise, for a sample size of 546 from Puget 
Sound this would correspond to a likely prevalence of 
less than 0.55%. In addition, Morado (1993) had exam- 
ined nearly 2000 Dungeness crabs from the area of the 
San Juan Islands, WA, while studying a ciliate disease, 
but failed to note the presence of any agents resem- 
bling N. canceri. Data gathered from samples of crabs 
from the open ocean off the coast of Oregon (Table 2) 
indicate that the parasite prevalence is much lower in 
the ocean (mean 0.3 %) than in embayments or estuar- 
ies. Thus, it is possible that the sample size for crabs 
taken from Puget Sound was too small to detect N. can- 
ceri at levels that were found in the open ocean. If the 
parasite was indeed present in crabs taken from Glac- 
ier Bay, the prevalence would have to have been 100- 
fold less than that detected in open ocean crabs off the 
Oregon coast. The factors that apparently restrict the 
parasite distribution to the southern part of the host 
geographic range are unknown. It is possible that the 
parasite requires estuarine water temperatures that 
are higher than those that characterize the open Pacific 
Ocean and deep embayments, but this possibility has 
not been explored. 

Within the observed range, there was a wide varia- 
tion in the prevalence of Nadelspora canceri, ranging 
from 1.4 to 42 % at individual collecting sites, but no 
correlation between latitude and prevalence. Nor was 
there any indication of a correlation between the 
prevalence of infection between individual estuaries 
and those nearby. For example, Alsea Bay had a mean 
prevalence of 19% while Yaquina Bay, the next near- 
est embayment 24 km to the north, had a mean rate of 
2%. These data suggest that the parasite, and perhaps 
the crabs, tend to move little between estuaries. This is 
supported by the data accrued from the sampling near 
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the entrances to Tillamook Bay and Alsea Bay. The 
levels of the microsporidian found within l km of the 
entrances to these bays were approximately 10-fold 
less than those detected in crabs within the bays. If 
extensive movement between the bays and the open 
ocean were occurring, the parasite prevalence in the 
bays would be reduced due to the influx of crabs from 
the open ocean where the parasite prevalence is 100- 
fold lower than that observed in bays. Perhaps this is 
what is occurring in bays in which the prevalence is 
low, such as Yaquina Bay or Gray's Harbor, but not in 
Tillamook or Alsea Bays. If it is assumed that this para- 
site has been present in Dungeness crab populations 
for a n  extended period, and there was extensive move- 
ment of crabs among estuaries via the open ocean, 
then the parasite levels should be  fairly homogenous 
among the estuaries. Other factors, however, may be 
involved in this phenomenon. For example, movement 
in and out of estuaries may differ from bay to bay 
and/or recruitment rates may differ from bay to bay. 
Another possibility is that an  alternative host 
(Andreadis 1985) is required in the cycle but is not dis- 
tributed throughout the Dungeness crab habitat. In 
light of the success of direct transmission of N. canceri 
in the laboratory (Childers 1994), the existance of an  
alternative host is unlikely. Physical differences in 
estuary characteristics may also affect the prevalence 
in different locations. 

Analysis of the data indicates that when corrected 
for variation in crab size and sex ratios for the sampling 
intervals, there was no change in prevalence over the 
4 yr period 1990 to 1994 (Table 4) suggesting that the 
disease is enzootic rather than epizootic. In addition, 
there does not appear to be a seasonal component to 
the disease prevalence (Fig. 5) ,  which remained rela- 
tively constant between the seasons; the fluctuations 
which were noted were shown to be associated with 
variability in the sex ratios of the crabs collected during 
the different months. 

One very striking finding in this study was the 
marked elevation of infection rate in male crabs a s  
compared to female crabs. Male crabs constituted 
nearly three-quarters of the infected animals (Table 3). 
In the single instance where the parasite was not 
detected in the southern part of the geographic range 
(33 crabs collected from Crescent City Harbor, CA) 
2 factors may have influenced the negative results. 
First, the sample size was small, and secondly, of the 
33 crabs, 29 were large females (mean CW = 14.8 cm). 
Thus, the failure to detect the parasite at this location 
may have been due to the preponderance of large 
females in the sample. 

In the few studies of microsporidian infection preva- 
lences in decapod species where male and female 
infection prevalences have been reported, the male 

and  female infection levels were approximately equal 
(Parsons & Khan 1986, Herbert 1988, Skurdal et  al. 
1990). The factors involved in generating the differ- 
ence in infection rate by host sex with Nadelspora 
canceri a re  unknown. Possible explanations include 
behavioral or hormonal differences between males 
and females. In laboratory experiments, it has been 
found that crabs can be directly infected with the par- 
asite by consuming infected tissue (Childers 1994). It 
may be that male crabs are more aggressive than 
female crabs, and in a cannibalistic species such as 
Cancer-rnagister(But1er 1954, Tegelberg 1972, Stevens 
et al. 1982) males may consume more infected crabs 
than females and thereby incur infections more often. 
Hormones may also affect the ability of the microspori- 
dian to successfully evade the host immune system or 
they may inhibit or enhance the growth of the parasite 
after invasion. 

The size range of crabs collected for this study was 
0.7 to 18.9 cm CW, which corresponds to instars 1 
through 16 (Pauley et  al. 1986). Crabs infected with 
Nadelspora canceri ranged in size from 2.4 to 16.5 cm 
CW. The snlallest infected crab which was collected 
from the Siuslaw estuary in August was probably a 4th 
or 5th instar stage animal which would have metamor- 
phosed from the megalopal stage in Aprll or May 
(Pauley et  al. 1986). Laboratory experiments have indi- 
cated that this disease is a chronic one and  requires 
several months before gross signs a re  detected 
(Childers 1994). Thus, the crabs could have become 
infected at  or near the post-metamorphosis stage and 
signs would not have been visible until several molts 
had occurred. However, the bulk of the infections 
occurred in crabs in the size range 10 to 13 cm CW 
(25th to 75th percentiles). Crabs of this size fall within 
the l +  age group (Armstrong & Gunderson 1985, 
Warner 1987, Gunderson et al. 1990). Infected cl-abs 
within the size interval 13-14 cm CW had the highest 
prevalence. Larger crabs had a lower prevalence, with 
crabs of legal commercial size ( > l 6  cm CW) collected 
from estuaries rarely infected (3/105). This decline in 
infection rate with size may be due  to the high mortal- 
ity caused by the disease (Childers 1994), which is 
characteristic of microsporidian diseases (Sprague & 

Vavra 1976, Canning 1982). The loss of infected crabs 
may occur either by direct mortality, by starvation due  
to a reduction in their ability to capture prey because 
of muscle degradation, or by an  inability to evade 
predators due  to muscle breakdown. 

In summary, the results of this study indicate that 
Nadelspora canceri is widely distributed along the 
United States Pacific Coast from California to southern 
Washington, but apparently does not occur further 
north. Prevalence levels of the disease a re  high for 
most estuaries examined. The infection occurs pre- 
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dominantly in 1 to 2 yr old crabs (9 to 15 cm CW) and is 
found less often in smaller and larger crabs. Males 
have a significantly higher rate of infection than do 
female crabs. 
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