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Abstract 

Batillaria attramentaria (Sowerby), a recent introduction to 
North America from Japan, occurs on tidal mudflats from 
California to British Columbia. A population of this 
deposit-feeder was followed for 10 yr on Galiano Island, 
British Columbia by recovering marked individuals and 
by following shifts in size-frequency distributions. Growth 
as well as erosion pattern and age class analysis indicate 
that the average size of B. attramentaria in the first 6 yr of 
life is 3, 9, 12, 15, 17, and 18 mm in length and that 
longevity falls between 6 and 10 yr. Recruitment of young 
B. attramentaria occurred every year. The key to B. 
attramentaria's success must lie in its combination of both 
a relatively predictable annual recruitment and a moder- 
ately long longevity. 

Introduction 

The deposit-feeding mud snail Batillaria attramentaria 
occurs throughout the Strait of Georgia and Puget Sound 
in Western Canada and Washington, and in two localities 
in California, Tomales Bay and Elkhorn Slough (Hanna, 
1966; Carlton, 1979). Originally a native of Japan, B. 
attramentaria was introduced to North America with the 
Japanese oyster Crassostrea gigas (Quayle, 1964). Previ- 
ously known as B. zonalis (Brugui~re), B. attramentaria is 
now the accepted name for the only representative of its 
genus in the eastern north Pacific Ocean, (Carlton and 
Roth, 1975). 

Batillaria attramentaria is abundant on mud fiats in 
many areas where Japanese oysters were planted, but has 
not spread to other suitable habitats. The absence of a 
pelagic dispersal stage appears to be responsible in part 
for this restricted distribution (Behrens Yamada and 
Sankurathri, 1977). 

* Present address: School of Oceanography, Oregon State Univer- 
sity; Corvallis, Oregon 97331, USA 

Whitlatch (1974), using mark-recapture studies and 
size-frequency analysis, estimated that Batillaria attra- 
rnentaria in Tomales Bay, California, grew to a length of 
35 mm in about 8 yr. The present study, spanning 10 yr, 
examines growth and longevity of this species at Galiano 
Island, British Columbia. 

Materials and Methods 

The study site at Montague Harbour, Galiano Island 
(123~ Long.; 48~ Lat.) consists of a high tidal 
marsh connected to the sea by a narrow drainage channel. 
Batillaria attramentaria (Sowerby) is patchily distributed 
along the gently sloping edges of drainage channels and in 
marsh pans, fiat areas with standing water and fine silt 
(Whitlatch, 1974 and personal observations). The size- 
frequency distributions orB. attramentaria in both habitats 
are identical with the exception that individuals smaller 
than 7 mm are absent from drainage channel sites. 
Growth studies were done along a 10-m stretch of drain- 
age channel close to the mouth of the tidal marsh and on 
two marsh pan sites. Growth data were obtained by 
following shifts in size-frequency distributions and by 
recovering marked individual snails. Annual growth data 
were used in determining growth parameters and in 
estimating longevity. Longevity was also estimated using 
erosion pattern analysis and age class analysis. 

Size-Frequency Distributions 

Since Batillaria attramentaria is patchily distributed, no 
attempt was made to choose random quadrats. Instead, 
permanent quadrats were chosen for the abundance and 
representative size distribution of B. attramentaria. One 
drainage channel quadrat was sampled 6 times from 1970 
to 1976; one marsh pan quadrat 12 times from 1976 to 
1979. 
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All Batillaria attramentaria within 50 • 50 cm quadrat 
samples were collected and measured. Individuals from 
drainage channel quadrats were picked out of the gravel 
substrate by hand; those from marsh pan quadrats were 
extracted by washing mud samples through a l-ram sieve. 
All the mud within the quadrat, down to the black anoxic 
layer was spooned into the sieve. The smallest size picked 
up by the sieving method was 2 to 3 mm in length. 

Mark and Recapture 

From 200 to 500 Batillaria attramentaria from both sites 
were collected on 7 occasions between 1970 and 1976. 
Snails smaller than 3 mm were discarded. Sediment and 
algae were wiped off the shell lips with paper towels. After 
shells had dried, the whole outer lip was marked with 
cellulose base model paint. A different colour was used at 
each marking date. After the paint dried, snails were 
returned to their site of collection. The whole marking 
procedure from collection to release took no longer than 
2h. 

On subsequent visits the release site was searched for 
marked individuals. Length at release and new length 
were noted for all snails. For those individuals that had 
grown more than a whorl, width at release was measured 
and transformed to the corresponding length using length 
=4.53+1.74 width (r=0.90). Length at recapture was 
plotted against length at release for short term and annual 
growth. 

Growth Parameters 

As an individual ages it grows progressively less. This 
growth process is described by the von Bertalanffy curve, 
a curve of the decaying exponential type: 

L = Lo~ (1 - ae-kt), 

where L=length;  Loo---growth parameter, maximum 
length; a = growth parameter; e = base of natural logarithms; 
k=growth  paramter, instantaneous growth rate; and 
t = age. By plotting the length at release of a marked snail 
along the x-axis and the length of that same snail at 
recovery 1 yr later along the y-axis, one gets a Walford 
plot (Walford, 1946) (Fig. 3). The growth parameters 
Loo and k can be directly extracted from the plot. L~ is that 
length at which the average individual ceases to grow, the 
point of intersection between the regression line with the 
line of no growth. The instantaneous growth rate, k, 
=-loge slope of the regression line. 

Fabens (1965) describes a computer program which fits 
the yon Bertalanffy growth curve to recapture data. When 
length of individuals at release and at recapture at yearly 
intervals is fed into the program, it will produce growth 
parameters a, k and Loo. The most useful feature of this 
program, however, is its capacity for estimating age from 
size information. 

Age 

The older a snail gets the more difficult it becomes to age. 
This is especially true for long-lived, slow growing species. 
Fabens (1965) circumvents this aging problem by intro- 
ducing the concept of the chron. One chron is defined as 
the period, In 2/k, in which an individual achieves half its 
remaining linear growth toward an asymptote. This 
concept, analogous to that of the half-life for describing 
the age of a radioactive element, is useful in comparing 
the growth of organisms at the same physiological age, 
irrespective of differences in taxon or age in years. Indi- 
viduals of the same age in chrons are at corresponding 
points along their respective growth curve: at 2 chrons 
they have reached 74 of their linear growth, at 3 chrons, 
7/8 etc. By knowing the size of an individual at 1 and 2 yr 
of age and by using the conversion 1 chron = in 2/k age in 
years, Fabens' program will generate age at various sizes. 

Age Class Analysis 

Schnute and Fournier (1980) devised a computer program 
for sorting out overlapping year classes from size fre- 
quency distributions. The program, based on the von 
Bertalanffy relationship of decreasing growth with age, 
requires initial guesses of values of k, Loo and the possible 
number of age classes represented. As long as the first two 
classes are well defined, the program will pick out the 
most likely modes for the year classes represented. The 
agreement of the final k and L~  values with those observed 
from growth data offers some measure of the goodness of 
fit. Schnute and Fournier's program was applied to the 
July 8, 1978 frequency data. 

Erosion Pattern Analysis 

All the Batillaria attramentaria sampled July 1, 1976 were 
sorted into size classes and examined under a microscope. 
The number of eroded whorls and the number of non- 
eroded whorls were recorded. The assumption was made 
that the number of eroded whorls represented the size of 
the snail at the end of the winter and that the number of 
non-eroded whorls represented spring and summer 
growth. 

Results 

Recruitment 

Young Batillaria attramentaria, 2 to 4 mm in length, first 
appear in sieved marsh pan samples from March to early 
July (Fig. 1). Oviposition also occurs during this time 
(Behrens Yamada and Sankurathri, 1977), and this 
suggests that these juvenile snails are one year old. Shell 
erosion patterns also indicate that these individuals spent 
a winter in the marsh (Table 1). 
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Table 1. Batillaria attramentaria. Analysis of shell erosion patterns of snails collected at Montague Harbour  on July 1, 1976. Modal size 
class is indicated by an asterisk, p: designates that a category was present, but  due to erosion of whorls in most individuals, its abundance 
could not be scored 

Total Number  Number  Number  of snails in size class Deduced 
number  of of eroded of new year class 
whorls whorls whorls 0 -  1 2 - 3  4 - 5  6 - 7  8 - 9  10-11  12 -13  14 -15  16 -17  
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Fig. 1. Batillaria attramentaria. Percent in 
each size class for marsh pan samples. 
Numbers  above modes indicate year classes; 
N: designates the sample size 

Table 2. Batillaria attramentaria. Recruitment patterns correlated with deviations from the 30-year mean  monthly air temperatures dur- 
ing development. Recruitment patterns were derived from Fig. 1; temperature data, from a weather station on nearby Salt Spring Island. 
A 1.5 C ~ deviation from the 30-year mean  monthly air temperature is indicated by + or - ;  a 3.0 C ~ deviation by+  + or - 

Year Recruitment 
class 

Long term mean  monthly air temp. (~ C) and deviation from mean 

timing abundance J J A S O N D J F M A M 
15.0 17,2 16.7 15.0 10.5 6.1 3.9 2.8 4.4 5.5 8.9 12.2 

1975 late good + 
+ 1976 early good - + + 

1977 very late good ++ - -I- 

1 9 7 8  early poor + + _ _ + 
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Recruitment of young Batillaria attramentaria occurred 
in all the years that marsh pan samples were taken 
(Table 2). The timing and strength of the new year class, 
however, varied greatly from year to year. Winter tem- 
peratures prior to recruitment may play a role in ex- 
plaining this variation. An unusually mild winter in 
1976/77 was correlated with an early and strong recruit- 
ment of the 1976 year class, whereas cold winters were 
correlated with weak or late recruitment (Table 2). 

Growth 

The two methods for detecting growth in Batitlaria 
attramentaria complement each other. Shifts in size-fre- 
quency distributions provided growth data for the first two 
year classes; marked and recaptured individuals provided 
growth data for older snails. Later year classes blended 
into one another (Fig. 1, Table 1), and thus became 
progressively more difficult to distinguish. Although snails 
between 3 and 8 mm were marked, they were never 
recovered. 

Growth in Batillaria attramentaria is extremely vari- 
able from individual to individual. During the late sum- 
mer of 1976, individuals in the 15-ram size class grew 
between 0 and 2 mm in length in 6 wk (Fig. 2). Body 
growth during such a warm, calm period may not keep 
pace with shell growth; however, the great variation in 
shell growth does indicate that not all individuals in a 
particular size class are at the same physiological state. 
Since annual shell growth includes periods of shell deposi- 
tion as well as periods of shell erosion during winter, it 
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Fig. 3. Batillaria attramentaria. Walford plot of B. attramentaria 
from Montague Harbour. The regression y=6.5+0.67x inter- 
sects the line of no growth at Loo=20 ram. 

x N = 62, 1 yr of growth ] 
zx N=4, 2 yr of growth / determined by mark 
o N = 2, 3 yr of growth and recapture studies 
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is a better estimator of body growth. Annual growth also 
shows great individual variation. Some individuals grow 
less in 3 yr than others do in one (Fig. 3). 

By pooling annual growth data from mark-recapture 
studies and from shifts in size-frequency distributions, 
Fabens' program yielded the following growth para- 
meters for Batillaria attramentaria grown at Montague 
Harbour: L ~ = 2 0 m m ;  k=0A0; and a= l .3 .  These pa- 
rameters are resilient in that deleting the growth data 
from small individuals, obtained from shifts in size- 
frequency distributions, had no effect on their values. 

Size-Frequency Distributions 

Neither the size-frequency distributions taken in the 
drainage channel nor those taken in the marsh pan 
remained stable from year to year (Fig. 1). The first year 
class in marsh pan samples varies from as little as 20% to 
as much as 70% of the total. Snails 3 years old and older 
vary in relative abundance from 20 to 60%. 

Longevity 

Given the growth data and size at age 1 and age 2, 
Fabens' program produced the size-age relationship for 
Batillaria attramentaria at Montague Harbour (Fig. 4). 
These size relationships agree with those deduced from 
erosion pattern analysis (Table 1) and age class analysis 
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Table3. Batillaria attramentaria. Mean size of age classes on 
July 8, 1978 as predicted by Schnute and Foumier's program 

Year class 77 76 75 74 73 72 
Length (ram) 3 9 12 15 17 18 

sample size = 246 
final k = 0.37 
final Lo~ = 21 
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Fig. 4. Batillaria attramentaria. Size-age relationship of B. attra- 
mentaria from Montague Harbour as determined by Fabens' 
program 

(Table 3), in that the average sizes for the first 6 yr of life 
are: 3, 9, 12, 15, 17, 18 mm in length. Great size overlap 
exists between snails of adjacent age classes (Table 1). One 
B. attramentaria, 15 mm long or 4 years old at release on 
April 24, 1973, was 17 mm at recovery on May 15, 1976 
(Fig. 2). This observation indicates that at least some slow 
growing individuals in the 17-ram size category are 7 years 
old. 

Fabens' size-age relationship suggests that, on the 
average, Batillaria attramentaria at Montague Harbour 
reach L~  of 20 mm in 10 yr. This information combined 
with the recovery of  a 7 year old snail and the presence of 
at least 6 year classes on July 8, 1978, suggests that the life 
span of B. attramentaria at Montague Harbour is between 
6 and 10 yr. 

Discussion 

Even though the age/size structure of  Batillaria attra- 
mentaria at Montague Harbor did not remain stable, the 
population did persist through a decade of varying weath- 
er conditions. Since B. attramentaria lacks a planktonic 
dispersal stage (Behrens Yamada and Sankurathri, 1977), 
recruitment from other sites was not a factor in this 
persistence. Continual introduction of adults via seed 
oyster transplants, likewise, did not occur between 1968 
and 1979. B. attramentaria at Montague Harbor represent 
a well established, self-perpetuating population of an 
introduced species. 

The fact that Batillaria attramentaria has direct devel- 
opment may have contributed to its establishment on the 
North American west coast. Direct development assures 

that offspring will stay within the same suitable habitat as 
that of the parents. This feature may be an advantage on 
this coastline where suitable mudflat habitats are rare and 
are separated by vast areas of rocky and sandy shores. In 
this case planktonic development would be extremely 
wasteful since most larvae would settle in unfavorable 
habitats and die. 

Although direct development, on the average, is more 
costly to the parent than is planktonic development, it is 
also less risky (Thorson, 1950; Vance, 1973). In some years 
planktonic recruitment fails altogether in certain popula- 
tions of Tivela stuttorum, Tegula funebralis, and Pawlla 
vulgata (Coe and Fitch, 1950; Frank, 1975; Bowman and 
Lewis, 1977). By by-passing the hazardous planktonic 
stage, recruitment would tend to be more predictable. 
Recruitment patterns in Batillaria attrarnentaria at 
Montague Harbor were predictable in that juveniles 
entered the population every spring and in that size- 
frequency data taken over 10 yr did not suggest the total 
failure of any one year class. 

The timing of the appearance and the strength of the 
new year class, however, varied from year to year. Warm 
winter temperatures were linked with good recruitment; 
unusually cold winter temperatures with poor or late 
recruitment. The findings of Bowman and Lewis (1977) 
suggest that fi'ost kills newly settled Patella vulgata. Frost 
occurring at the time of settlement of juveniles from the 
plankton always resulted in poor recruitment the next 
spring. Unsually cold winter temperatures in December 
1978 and January 1979 may have had a similar effect on 
the 1978 year class ofBatillaria attramentaria. 

Batillaria attramentaria at Montague Harbor, British 
Columbia, on the average, grew to a size of 20 mm in 
about 10 yr. Whitlatch (1974) estimates that B. attramen- 
turin at Tomales Bay, California grows to about twice this 
size in the same amount of time. A longer growing season, 
greater food abundance or genetic factors may account for 
this difference. 

The most interesting feature of the BatilIaria attra- 
mentaria growth data is the variability within a population 
growing under the same weather conditions. Great indi- 
vidual variation in growth would be expected if organisms 
were sessile and food abundance were to vary from patch 
to patch; however, it is difficult to imagine how adjacent, 
mobile detritus feeders such as B. attramentaria could 
experience different levels of food abundance. Since 
territorial behavior does not play a role, it is possible that 
the variability in growth rate may reflect great genetic 
variability. Singh and Zouros (1978) demonstrated that 
growth in the American oyster Crassostrea virginica has a 
genetic component. Unfortunately the genetic structure of 
B. attramentaria populations has not been looked at. 

Regardless of the causes, variation in the growth rate 
of molluscs appears to be a widespread phenomenon (Coe 
and Fitch, 1950; Seed, 1968; Frank, 1969; Behrens, 1971; 
Hall et al., 1974). As a rule, fast growing individuals have a 
greater turnover rate than slow growing individuals (Seed, 
1968; Frank, 1975). An energetic tradeoffbetween growth 
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and reproduction on the one hand and longevity on the 
other may play a role here. A population made up of  slow 
growing but long-lived and fast growing but short-lived 
individuals would tend to be more resilient in that not all 
individuals would be equally susceptible to perturbations. 

Batillaria attramentaria's fife span of  6 to 10yr is 
moderately long for a marine mollusc (Comfort, 1957; 
Frank, 1969). Longevity estimates for the other two gastro- 
pods found on Montague Harbor  mudflat  are 2 yr for 
Littorina sitkana and at least 7 yr for L. scutulata (Beh- 
rens, 1971). Some higher longevity estimates for other 
northeastern Pacific molluscs include 15 yr for L. planaxis 
(Schmitt, 1975), 19 to 25 yr for Siliqua tmtula (Weymouth 
etal., 1931) and 6 - 3 0 y r  for Tegula funebralis (Frank, 
1975). 

Murphy (1968) suggests that length o f  life is correlated 
with variation in breeding success. Frank (1975) finds this 
generalization to hold for the turban snail Tegulafunebra- 
lis in which California populations with longevities o f  
about 6 yr receive a greater and more predictable recruit- 
ment than do more northern populations with longevities 
of  about 15 yr. Age class distributions suggest that in some 
years recruitment o f  British Columbia and Oregon popu- 
lations fails altogether. Such unpredictable recruitment in 
combinat ion with a short life span would increase the 
chances of  local extinction, but would not be critical to 
population persistence when it is combined with longevity. 
The key to BatiIlaria attramentaria's success must  lie in 
the combinat ion o f  both a relatively predictable annual  
recruitment and a moderately long longevity. 
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