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ABSTRACT

Age-length data and environmental parameters were obtained for 25 populations of the soft-shell
clam, Mya arenaria, Growth rates were analyzed for 20 of the populations and variations in the
growth rates were related to differences in the environment. The analysis of growth was based on
Gallucci and Quinn's w parameter for the von Bertalanffy equation. Environmental variability was
analyzed, using principal components analysis which yielded three environmental factors: North­
ness, siltiness. and sedimentary hydrocarbons. Growth was found to be significantly related to each
of the three components. A distinct latitudinal growth relationship was observed, with growth de­
creasing towards the north. Temperature, tidal height, tidal position, and edaphic conditions sys­
tematically varied with latitude, with temperature being the dominant factor affecting growth.
Growth was negatively correlated to both siltiness and sedimentary hydrocarbons.

The growth of the soft-shell clam, Mya arenaria,
has been studied by many investigators (Wilton
and Wilton 1929; Belding 1930; Newcombe 1936;
Swan 1952; Brousseau 1979; and others), and
much work has been done in assessing the im­
portance of various environmental factors in the
growth process. These factors include water cur­
rent and quality, food, temperature, salinity,
various edaphic parameters, and pollution. In
the past, investigators were obliged to study
these factors individually even though it was
realized that many were interrelated (Belding
1930). Because of local variations researchers
often disagreed on the relative importance of
each of these factors, and overall trends have not
been firmly established.

The purpose of this study was to investigate
various factors contributing to growth rate vari­
ations in soft clam populations and to demon­
strate a methodology incorporating the analysis
of multiple factors applicable to the above inves­
tigation. Of specific interest was the demonstra­
tion of a latitudinal trend in growth and the fac­
tors responsible for it, since such a relationship
had yet to be quantified (Brousseau 1979). Prin­
cipal components analysis was used to analyze
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multivariate environmental data, and the von
Bertalanffy model was used for the analysis of
growth, using the recently introduced growth
rate parameter w of Gallucci and Quinn (1979).
This study represents one of the first applica­
tions of w to investigate growth rate variations.

MATERIALS AND METHODS

Samples of Mya arenaria and environmental
data were obtained from 25 s'ites located along
the east coast of North America, from Maryland
to Nova Scotia (Fig. 1). The sites were initially
chosen and sampled as part of a study to investi­
gate the relationship between environmental
quality and neoplasia (Brown 1980), and as a re­
sult 1) the sites varied greatly in their environ­
mental quality, 2) the sampling design employed
was not specifically designed for the present
study, and 3) it was therefore necessary to use
proxy data in some cases to represent certain en­
vironmental characteristics. These drawbacks
were not severely limiting, since the particular
statistical techniques used could control much of
the induced variability in the data. Estimates of
the following environmental parameters were
obtained: Salinity, tidal position, tidal range,
average annual temperature, sedimentary grain
size, dispersion and skewness of grain sizes, per­
cent silt-clay, percent organic matter, and total
sedimentary hydrocarbons.
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FIGURE I.-Location of sampling sites. Site codes are given in Table 1.

Salinity, at low tide, was measured by a refrac­
tometer; tidal position was estimated on a scale of
0-1, where 0 = subtidal and 1 = full exposure.
Estimates of the average annual temperature
near each site were obtained from various litera­
ture sources, and estimates of the tidal range
were obtained from National Ocean Survey
(1978).

Sediment samples (composites of two surface
cores 21 cm2 X 8 cm depth) were collected and
analyzed to determine grain size distribution
and organic content. The sand fraction was ana­
lyzed by dry sieving; silt-clay by the hydrometer
method (American Society for Testing Materials
1963). The particle size distributions obtained
from the two analyses were pooled, and the cumu­
lative frequency versus grain size (ep) was plotted
for each sample. From the graphs the following
summary statistics were obtained: Median grain
size (Mdet», quartile deviation (QDet», and skew­
ness (Skqet» (Buchanan 1971). The results were
reported in phi notation rather than millimeters
[et> = -log2(mm)], as this scale is commonly used
to describe grain size characteristics and be­
cause it allows for greater discrimination in the
silt-clay range which may be more meaningful
biologically.
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The percent organic matter was determined
by measuring the percent weight loss of a small
aliquot upon ignition at 550°C for 4 h (Buchanan
1971). Estimates for total sedimentary hydrocar­
bons through infrared analysis were obtained
from C. Brown.2 The sites and their environmen­
tal parameters are given in Table 1 along with
their dates of collection, latitude, and code.

Clams were sampled from one or more trenches
dug by a standard clam hoe or shovel, with the
exception of the Chesapeake Bay sites where a
commercial hydraulic escalator dredge was used.
All clams excavated were retained for analysis.
For each individual, shelllength(maximum shell
dimension) was measured by vernier calipers to
the nearest millimeter.

Age structure was determined via length-fre­
quency analysis for 19 of the populations. Simi­
lar information for six of the sites (BN, WF, SP,
GC, PY, JL) was available from Appeldoorn
(1981), though only the West Falmouth (WF)
growth data were used in subsequent analyses
since major growth interruptions resulting from
pollution events occurred at the other sites.

2C. W. Brown. Professor. Department of Chemistry. Univer­
sity of Rhode Island. Kingston, R.I., pers. commun. May 1979.
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TABLE I.-Sampling sites and their environmental parameters. - = missing value.
:;...,
(3

Average Total Z
Lati- annual Tidal Tidal % % sedimentary ZSite Date of tude temperature range posi- silt- organic hydrocarbons Salinity

Sampling site code sampling (ON) (0C) ft(m) ticn Mdt/> QDt/> Skqt/> clay matter (Jig/g) (ppt)
q
::<l

Tangier Sound, Md. TS 27-3-78 37.952 '15.0 2.5 (0.77) 0 11
0
=e

Big Annemessex River, Md. AR 27-3-78 38.051 '15.0 2.5 (0.77) 0 11 ...,
Navesink River. N.J. NR 2-fi-77 40.377 '13.0 3.5 (1.08) 0.50 1.80 0.40 --{l.10 1.0 1.5 114 24 0::

Raritan Bay, N.J. RB 1-fi-77 40.459 '13.0 6.0 (1.85) 0.50 2.55 0.44 --{l.05 4.2 2.6 104 24 ::<l
;J>

Winnapaug Pond, R.1. WP 18-7-77 41.327 312.3 2.0 (0.62) 0.50 1.97 0.62 0.01 1.5 0.7 21 31 ...,
Quonochontaug Pond-1, R.1. Q1 22-fi-76 41,333 312.3 2.0 (0.62) 0.35 1.00 0.60 0.00 0.7 1.5 0 31 tTl

Quonochontaug Pond-2, R.1. Q2 4-4-77 41.333 312.3 2.0 (0.62) 0.50 3.05 0.31 --{l.01 8.1 1.5 9 31 0
"'l

Saugatucket River, R.1. SR 14-12-78 41.423 312.3 3.0 (0.92) 0.35 1.40 1.48 --{l.40 2.0 1.1 509 16
~

Wickford. R.1. WK 15-3-76 41.566 '10.5 4.7 (1.45) 0.35 2.92 0.23 --{l.02 4.6 1.4 '15 27
~Coonamessett River. Mass. CR 12-5-77 41.577 "11.0 4.0 (1.23) 0 1.10 0.59 --{l.05 2.7 1.0 101 12

Allen Harbor, R.1. AH 27-9-77 41.620 '12.4 4.5 (1.38) 0.50 4.20 0.48 --{l.03 61.1 1.9 358 28 ;0.

West Falmouth, Mass. WF 3-5-77 41.633 "10.5 5.0 (1.54) 0.50 0.46 0.80 0.27 2.1 0.8 190 32 ~
t>:I

New Bedford, Mass. NB 18-10-78 41.639 "10.5 4.0 (1.23) 0.35 1.39 0.72 0.07 3.0 1.5 567 22
~East Greenwich Cove, R.1. EG 3-3-76 41.656 '11.5 5.0 (1.54) 0.20 2.08 1.08 --{l.66 3.6 1.6 724 19

Bourne, Mass. BN 22-5-76 41.682 "10.5 3.8 (1.17) 0.50 0.89 0.55 0.01 2.4 0.7 523 30
~

Watchemoket Cove, R.1. WC 12-5-76 41.799 '11.1 5.7 (1.75) 0.50 25
;;:

Portland, Me. PT 21-7-76 43.636 "9.1 10.4 (3.20) 0.50 1.56 1.14 0.11 16.2 2.5 209 27
Deer Isle, Me. 01 22-9-76 44.203 "7.4 11.2 (3.45) 0.80 1.90 1.38 0.57 9.8 1.6 24 32
Goose Cove, Me. GC 20-7-76 44.377 1°7.1 11.1 (3.42) 0.80 --{l.51 1.37 009 2.8 1.4 254 20
Long Cove, Searsport, Me. SP 22-9-76 44.463 "7.1 115 (3.51) 0.65 1.52 1.67 0.90 15.9 2.9 135 25
Stockton Harbor, Me. SH 13-9-78 44.464 "7.1 11.5 (3.51) 0.65 0.26 2.05 0.15 7.3 1.3 399 25
Perry, Me. PY 15-fi-78 44.973 '6.7 21.0 (6.46) 0.65 2.22 1.58 -1.38 5.2 2.4 23 30
Robinston, Me. RS 15-fi-78 45.106 '6.8 21.0 (6.46) 0.65 -0.41 1.53 0.27 9.6 2.2 44 28
Janvrin Lagoon, Nova Scotia JL 18-7-78 45.458 119.0 4.0 (1.23) 0.65 2.24 0.46 0.06 8.2 1.4 177 29
Potato Island, Nova Scotia PI 18-7-78 45.589 119.0 4.0 (1.23) 0.65 -0.67 1.58 0.15 10.3 4.6 20 29

'Beaven (1960).
'Jeffries (1962).
3Marine Research (1975).
'Hicks (1963).
5Estimated from clam tissue concentration.
"Gilbert (1973).
7Estimated from gas chromatography measurement.
"Gilfillan et al. (1976).
'Welch (1981) and R. L. Dow, Maine Department of Marine Resources, State House, Augusta, ME 04333, pers. commun. January 1976.
"Shorey (1973).
"Sameoto (1972) and Thomas (1978).



Length-frequency analysis was chosen because
it could be applied to all samples, thus facili­
tating the comparison between samples. The use
of shell annuli is unreliable south of Cape Cod
(Mead and Barnes 1904; Shuster 1951), and
MacDonald and Thomas (1980) found little sup­
port for the technique in a Prince Edward Island
population. Constraints on the sampling design
precluded mark-recapture methods.

For each population the modes on a length-fre­
quency histogram were broken down into a se­
ries of normal curves (Tesch 1971; MacDonald
and Pitcher 1979) by a Dupone 310 Curve Re­
solver, an analog computer which allows one to
break down a complex distribution into its basic
components in a graphical fashion (Appeldoorn
1981). From the resulting graphs the mean and
standard deviation of the curve which represents
each mode of the histogram can be obtained. The
curve resolver also determines the percentage of
the whole sample under each curve.

Length-frequency analysis assumes that
spawning and settlement are discrete relative to
growth such that the length distributions of co­
horts are separable. Ropes and Stickney (1965),
Pfitzenmeyer (1962), and Brousseau (1978) found
that periods of both spawning and settlement of
each cohort were discrete events. In the latter
study, closely spaced cohorts within the same
year were separable by length-fl'equency analy­
sis using probability paper. In the present study,
discrimination of cohorts within a year class was
also possible.

By inspection of the histograms and subse­
quent age-length curves and through considera­
tion of local recruitment processes and sampling
efficiency, ages were assigned to each cohort
(Brothers 1980; Schnute and Fournier 1980).
When possible, results were corroborated by
comparing them with previously published age­
length data for the same or nearby areas (e.g.,
Belding 1930; Pfitzenmeyer 1972; Mead and
Barnes 1904; Gilfillan and Vandermuelen 1978;
Brousseau 1979), by comparison of adjacent
areas (e.g., the two Quonochontaug Pond sites),
by comparison of multiple samplings (Allen Har­
bor, Deer Isle), and by counts of shell annuli
(Portland, Deer Isle).

The ages assigned were relative rather than
absolute; the time beyond the last yearly incre­
ment represents the fraction of expected yearly

3Reference to trade names does not imply endorsement by
the National Marine Fisheries Service, NOAA.
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growth already obtained (Appeldoorn 1981).
This process results in a smoother growth curve,
since it linearizes seasonal growth variations
which would otherwise necessitate the use of a
more complex growth model (Cloern and Nichols
1978).

The analysis of growth differences can be sim­
plified by comparing model parameters rather
than the direct age-length observations (Rao
1958). Growth was modeled by fitting the von
Bertalanffy growth function (VBGF) to the age­
length data. The VBGF is described by the equa­
tion:

where t = time, L t = length at time t, L", = maxi­
mum asymptotic length, K = growth constant,
and to = time when L t = O. The single growth
parameter of Gallucci and Quinn (1979) is obtain­
ed by w = KLOO'

Recent studies on the statistical comparison of
VBGF's (Allen 1976; Bayley 1977; Gallucci and
Quinn 1979; Kimura 1980; Misra 1980; Kappen­
man 1981) and on the VBGF's biological basis
(Pauly 1979, 1981) have removed most of its past
criticism (Roff 1980). Dickie (1971) considered
the VBGF applicable for modeling population
growth even when individual growth did not fit
the model. The VBGF has been previously ap­
plied to Mya arenaria by Munch-Petersen (1973),
Brousseau (1979), and Brethes and Desrosiers
(1981).

The w parameter was chosen for analysis be­
cause, as a single parameter, it was easily calcu­
lated, tractable to further analysis, statistically
comparable, interpretable in both a biological
and statistical sense, and more robust than either
K or L", (Gallucci and Quinn 1979). A major bene­
fit of applying the VBGF is that only estimates of
length at known time intervals are required to
determine K, La;' and hence w. Absolute age at
length is only required to estimate to. However, to
is of less importance here, since it is not a mea­
sure of growth, but only a location parameter.

The VBGF was fitted to the data according to
the methods of Gallucci and Quinn (1979), using
the NLIN procedure of SAS79 (Helwig and
Council 1979) which yielded estimates of the
parameters, their asymptotic standard errors,
and the correlation coefficient of K and L",. From
these estimates the w parameter and its variance
were calculated (Gallucci and Quinn 1979). The
regression procedure incorporated the size and
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variance of each age mode. Therefore, variation
in the original data is reflected in the variance
estimates of the model parameters, and poorly
represented age modes, where estimates of mean
length and variance might be subject to error,
are weighted less. The resulting growth curves
are based on the assumption that growth varies
from year to year only to the extent expected
owing to normal fluctuations in growing condi­
tions. Hence, they are an estimation of "average"
growth within a population, representing an in­
tegration of several variable processes affecting
growth.

The environmental data listed in Table 1 were
used to characterize Mya arenaria habitats.
These data were subjected to principal compo­
nents analysis (PCA) to reduce the observed var­
iables to a more meaningful and manageable
number of factors without excessive loss of infor­
mation. PCA locates hidden components which
have generated dependence in the observed var­
iables (Morrison 1976). Each resulting compo­
nent is a composite variable-a linear combina­
tion of the original variables. The components
are independent and ordered, so that the first
component accounts for most of the observed var­
iation, the second for most of the residual varia­
tion, and so on. The loadings given for each com­
ponent represent the correlation coefficient (r)
between a variable and a component. The analy­
sis was run on the Pearson product-moment cor­
relation matrix of the environmental parameters
(to allow for standardization of the units of mea­
sure) by using the CORR, FACTOR, and SCORE
procedures of SAS79 (Helwig and Council 1979).

The components produced by PCA are limited
by the input data and can only reflect the factors
represented by those data. In the present study
the selection of factors was constrained by the
sampling design, and no direct measurements
Were made on a number of factors which would
be expected to influence growth (e.g., current
flow, food concentration). However, several of
!he factors represent an integration of processes,
Incorporating factors not measured directly. For
example, current flow is represented to some de­
gree by tidal range, tidal positiun, and sediment
characteristics (see Discussion). This integration
effect will help offset the limitations ofthe input
data.

The growth rate parameter was transformed
to 10glO(w) for the analysis of growth variations.
~ince loglO(I{) and IOglO(L",,) are inversely propor­
honal (Pauly 1979), it is felt that 10glO(w) is a more

suitable measure of growth (Appeldoorn in
press). A difference in 10glO(w) would then indi­
cate a fundamental difference in growth-not
just a reciprocal change in K and L"". [See Pauly
1979, 1980 for a discussion of the analogous P =
10glO(KW,J parameter of the VBGF for weight.]

Variations in growth rate were analyzed using
a stepwise functional regression of 10glO(w) on the
components generated by PCA, where the resid­
uals of the regression of the 10glO(w) on Compo­
nent 1 were regressed against Component 2 and
so on. The geometric mean functional regression
was deemed appropriate because of variability
in both wand the components, small sample size,
and uncertainties about the distribution of the
data (Ricker 1973; Laws and Archie 1981). In
normal predictive regressions the regression co­
efficient (slope) is b; functional regression yields
a coefficient of v = b/r where r is the correlation
coefficient. The standard error of v (SE,.) equals
the standard error of b(SEb) and 95% confidence
limits on v are approximated by v ± 2SE,. (Ricker
1973). Estimates of b, ?, and SE b were obtained
using the GLM procedure of SAS79 (Helwig and
Council 1979) and used to calculate v and its 95%
confidence limits. The significance of the regres­
sion is tested by determining if the confidence
limits bracket v = O. If not, the null hypothesis
Ho: v = 0 is rejected.

RESULTS

The mean lengths at age as determined
through length-frequency analysis are given in
Appendix Table 1 for the 19 populations analyzed
here. The parameters of the VBGF and 10glO(w)
are given in Table 2. Using the 95% confidence
limits around IOglO(W), statistically significant
growth differences become readily apparent. A
functional regression of 10glO(w) on latitude yield­
ed: 10glO(w) = 4.8184 - 0.0878 latitude with r =
0.8220. Although the regression accounts for the
majority of the observed variation in growth, it
does not indicate what underlying processes may
be responsible for this relationship.

The results of the PCA are shown in Table 3.
The terms used in the table follow the definitions
in Morrison (1976). In order to simplify the table,
those loadings <0.30 have been left out, although
all variables contribute to all components to
some degree. The first five components have
been retained and account for 88% of the observed
variation. Of these, the first three were exam­
ined in greater detail.
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TABLE 2.-Estimates and standard errors for the von Bertalanffy constants.

Site
code K L. to Log,o(w) + 95% confidence interval

TS 0.2530 (0.0597) 111.05 (11.18) -1.188 (0.263) 1.4486 1.3839-1.5050
AR 0.2740 (0.0520) 107.13 ( 7.22) -1.440 (0.268) 1.4677 1.4166-1.5134
NR 0.3016 (0.0162) 79.69 ( 1.10) ~0.718 (0.095) 1.3808 1.3473-1.4119
RS 0.1829 (0.0986) 81.50 (22.08) -1.450 (0.558) 1.1734 1.1202-1.2207
WP 0.2992 (0.0114) 73.27 ( 0.89) -0.400 (0.058) 1.3418 1.3253-1.3577
Q1 0.1175 (0.0194) 93.23 ( 9.20) -1.104 (0.148) 1.0396 0.9848-1.0882
Q2 0.1069 (0.0134) 111.00 ( 6.96) -1.205 (0.191) 1.0743 1.0045-1.1344
SR 0.2119 (0.0229) 72.34 ( 2.48) -0.445 (0.225) 1.1855 1.1417-1.2253
WK 0.1811 (0.0155) 111.80 ( 4.21) -0.436 (0.127) 1.3066 1.2724-1.3383
CR 0.1997 (0.0114) 97.75 ( 1.60) -0.990 (0.143) 1.2905 1.2512-1.3265
AH 0.0903 (0.0184) 113.20 (13.11) -1.668 (0.288) 1.0095 0.9147-1.0873
WF 0.0917 (0.0162) 136.73 (14.88) -1.357 (0.184) 1.0982 1.0056-1.1746
NS 0.1532 (0.0198) 89.28 ( 4.30) -1.571 (0.304) 1.1360 1.0902-1.1774
EG 0.1377 (0.0425) 91.95 (18.20) -0.914 (0.186) 1.1025 1.0439-1.1541
WC 0.1411 (0.0246) 87.18 ( 7.37) -1.549 (0.236) 1.0899 0.9965-1.1668
PT 0.1468 (0.0077) 67.91 ( 1.39) -0.836 (0.122) 0.9986 0.9778-1.0186
DI 0.1255 (0.0114) 67.96 ( 2.46) -0.781 (0.218) 0.9311 0.8974-0.9623
SH 0.0565 (0.0083) 135.71 (12.34) -0.980 (0.336) 0.8847 0.7663-0.9776
RS 0.1623 (0.0287) 73.13 ( 4.52) ~O.745 (0.434) 1.0754 1.0275-1.1167
PI 0.0986 (0.0248) 81.55 (10.78) -0.171 (0.432) 0.9053 0.7839-0.9674

TABLE 3.-Results of the principal components analysis on environmental data.
Loadings <0.30 have been omitted for clarity.

Environmental
Principal components

Commu-
parameter 2 3 4 5 nality

Average temperature -0.938 0.925
Tidal range 0.806 0.383 0.819
Tidal position 0.817 0.855
Md¢ -0.503 0.725 0.891
QD¢> 0.808 -0.382 0.872
Skq¢ 0.386 -0.858 0.933
% silt-clay 0.609 0.675 0.880
% organic matter 0.521 0.765 0.942
Total hydrocarbons 0.802 0.855
Salinity 0.396 0.750 0.840

Eigenvalues 3.588 1.875 1.363 1.134 0.851
% variance 35.9 18.7 13.6 11.3 8.5
% cumulative variance 35.9 54.6 68.3 79.6 88.0

The first component is interpreted as repre­
senting latitude, since the major contributing
variables vary with latitude. Average annual
temperature, as might be expected, shows the
highest correlation. It decreases with latitude.
To avoid confusion the first component will be re­
ferred to as "northness." The second component
is sediment siltiness. Grain size (negatively cor­
related) and percent silt-clay (positively cor­
related) are the main contributing variables.
The high correlation of salinity may reflect the
role of flocculation and estuarine circulation in
the distribution of silts and clays in estuarine
sediments (Krumbein and Sloss 1963; Knauss
1978). The third component, positively correlated
with hydrocarbons and percent silt-clay, is sedi­
mentary hydrocarbons. The higher silt-clay com­
ponent (also reflected to some degree by positive
skewness) provides a greater sedimentary sur­
face area for the retention of hydrocarbons (Lytle
and Lytle 1977).

The first three components were used for the
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further analysis of growth to try and deduce fac­
tors which could have contributed to the latitudi­
nal trend and to point out secondary growth
affecting factors. Several sites were omitted
from this analysis because missing values pre­
cluded the calculation of the component scores.
The results of the stepwise regression analysis
are given in Table 4. As expected, growth was
found to be negatively correlated with northness.
The second regression showed a negative rela­
tionship between siltiness and growth. The last

TABLE 4.-Results of the stepwise regression of growth (w) on
the first three principal components. The slope of the predictive
regression (h) can be found by h = 1"1'.

Approximate 95%
Regression Intercept v = slope confidence limits

LOglO(W) vs.
northness 0.693 1.1137 -0.1653 ~0.2269<v<-0.1037

1st residual vs.
silliness 0.184 -0.0112 -0.1116 -0.1682<v<-0.0549

2d residual vs.
sedimentary
hydrocarbons 0.217 0.0065 -0.1472 -0.2214<v<-0.0730
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regression indicated that growth was negatively
correlated with sedimentary hydrocarbons.

DISCUSSION

The observed relationship between latitude
and growth rate is not surprising, especially con­
sidering the range of temperatures reflected in
the data. Increasing growth would be expected
at higher temperatures owing to temperature's
direct effect on metabolism and length of the
growing season (Brousseau 1979). In addition,
with increasing temperature Mya is found lower
intertidally or even subtidally (Pfitzenmeyer
1972), thereby increasing its daily feeding period.
However, Belding (1930), Dow and Wallace
(1961), Newcombe and Kessler (1936), and Swan
(1952) have stated that local hydrologic and
edaphic conditions are more important than
temperature in affecting growth, and previous
studies have failed to quantify such a latitudinal
relationship. Newcombe (1936) and Turner
(1948) each noticed growth differences between
three populations which they attributed to tem­
perature. Brousseau (1979) showed a tendency
for Massachusetts populations to grow faster
than more northern ones, but the relationship
was not definite. Each of these studies suffered
from two deficiencies: Limited geographical
range and small number of sample sites. Under
these limitations, variations in growth rate due
to local conditions can mask any latitudinal
trends. The unaccounted variation (32%) in the
regression of loglO(w) on latitude is evidence for
this.

Analysis of the latitudinal trend of growth rate
and its residual variation was facilitated by the
PCA results. The first component, northness,
Correlated well with growth. Temperature and
tidal position had the highest loadings for this
component; their interrelationship and influence
On growth have already been discussed. As with
many factors, the components produced by PCA
represent an integration of effects and the corre­
lation between growth and northness may de­
pend upon factors other than temperature.
. Two other characteristics vary markedly with
Increasing northness. The sediment becomes
coarser and more variable, and tidal range in­
creases. The tidal range increase, due to the
large tides of the Gulf of Maine and Bay of
~undy, represents to some degree an increase in
tidal Current. Belding (1930) considered current
the most important factor affecting growth.

Coarser sediments are beneficial to growth by
allowing for ample water percolation, drainage,
and exchange (Dow and Wallace 1961; Swan
1952). The correlation of northness with coarser,
variable sediments reflects both their glacial
origins and the influence of current on their
deposition.

Within northness, then, there are two sets of
opposing conditions which influence growth.
Temperature is positively associated with growth
while current and sediment characteristics are
negatively associated with growth. Since north­
ness is itself negatively correlated with growth it
must be concluded that the effects of tempera­
ture are overriding and dominant.

The effect of siltiness on growth also represents
an integration of processes. In small quantities
silt and clay help stabilize surface sediments
(Kellogg 1905), but in large quantities they be­
come detrimental. Studies with Mya arenaria
have shown that excessive siltation can lead to
reduced feeding through clogging of the gills
(Belding 1930), to growth interruptions when silt
becomes trapped between the shell and mantle
(Shuster 1951), and to complete smothering and
death (Wilton and Wilton 1929; Dow and Wallace
1961). Silty sediments tend to be fairly consoli­
dated, and reduced growth has been observed in
such sediments (Swan 1952; Dow and Wallace
1961). High silt-clay is also indicative of a poor
current regime, itself a contributing factor to re­
duced growth. The negative correlation found
between siltiness and growth is, therefore, logi­
cal and consistent with previous reports.

Sedimentary hydrocarbons, the third compo­
nent derived from PCA, were also negatively as­
sociated with growth. Many studies have shown
that the growth of Mya is adversely affected by
the presence of petroleum hydrocarbons (Dow
1975; Dow and Hurst 1975; Gilfillan and Vander­
meulen 1978; Gilfillan et al. 1976; Appeldoorn
1981). Hydrocarbon pollution can adversely af­
fect growth through direct toxicity, smothering,
and sediment compaction.

CONCLUSIONS ON METHODOLOGY

PCA produced meaningful, easily interpret­
able variables which led to results, when further
analyzed, that were lucid, rational, and consis­
tent with other studies. Since peA will be limited
by the input data, sampling should be properly
designed or controlled. One advantage of PCA is
that variable integration effects can incorporate
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some factors not specifically measured. How­
ever, reliance upon these effects should be avoid­
ed when possible and caution should be exercised
when interpreting the results.

The w parameter proved useful, both for its de­
scription of growth rate and ease of manipula­
tion in further analyses. Incorporating both the
sample size and variance of the age-length deter­
minations into the nonlinear regression protected
w against random errors in the location of the
age-length modes. In addition, since w is more
robust than either K or L"" it is further protected
against inaccuracies in their estimation-an
advantage over using K during the subsequent
growth analyses. The trends resulting from the
subsequent regressions were also protected from
random inaccuracies in the estimation of w by
virtue of the large number of sample sites used.
However, it is important to recognize that such
random errors do exist and not to continue the
analysis past its potential limits.
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ApPENDIX TABLE I.-The age (yr), length ±1 standard deviation (mm), and percent of sample
in each age class. Percentages may not total 100 due to roundoff or exclusion of some outliers
from the analysis. Sample size is given in parentheses. - = undefined.

% of % of %of
Age Length sample Age Length sample Age Length sample

Navesink River (103) Coonamesselt River (124) Portland (367)
0.67 26.0±2.3 3 1.15 34.0 - 0.5 1.5 19.0±0.8 1
1.33 35.2±2.5 14 2.15 42.8±2.0 4 2.5 26.7±1.3 4
1.67 42.5±2.0 23 2.85 52.0±1.0 7 3.5 31.5±1.6 17
2.33 47.3±1.8 18 3.15 56.1±2.0 7 4.5 37.1±1.6 21
2.67 51.8±1.4 10 4.15 64.0±1.4 18 5.5 41.3±1.6 29
3.33 55.3±1.4 11 5.15 69.4±1.2 9 6.5 44.5±1.2 10
3.67 59.6±1.6 2 6.00 72.8±1.2 16 7.5 48.1±1.2 15
4.50 62.1±1.4 2 7.15 77.4±1.2 18 9.5 52.7±0.7 3
5.50 65.4±1.2 2 8.15 82.3±1.4 17 10.5 55.0±0.5 1
6.50 69.7±1.5 4 10.15 88.2±1.1 5 11.5 56.7±0.4 1
8.50 747±1.2 4 11.15 940 - 0.5 13.5 60.2±0.5 1
9.50 78.0±1.2 6 Quonochonlaug Pond-2 (146) Saugatuckel River (140)

Deer Isle (318) 2.15 33.7±2.7 41 2.0 29.0±1.3 2
3.0 25.7±1.9 4 3.15 41.6±2.0 28 2.6 33.8±0.9 5
4.0 31.2±1.1 7 4.15 49.0±1.3 6 3.0 37.6±1.6 9
5.0 35.2±1.3 21 5.15 55.1±1.8 6 3.8 43.3±2.2 42
6.0 39.2±1.3 18 6.15 60.2±1.0 4 4.8 48.9±1.5 7
7.0 42.1±1.1 9 7.15 65.8±1.3 6 5.8 52.8±1.1 12
8.0 44.6±1.0 10 8.15 70.5±0.8 4 7.0 56.1±0.7 6
9.0 47.8±1.0 12 9.15 73.5±0.8 3 8.0 60.0±1.2 6

10.0 51.5±1.0 9 10.15 79.0±1.1 4 9.0 64.5±1.2 3
Quonochontaug Pond-l (198) Allen Harbor (144) Potato Island (201)

1.33 23.9±2.1 33 1.85 30.0±1.8 11 2.5 25.3±0.7 2
2.33 30.7±2.1 43 2.85 37.7±2.6 24 3.5 30.9±1.3 8
3.33 38.3±1.9 13 3.85 44.5±1.5 15 4.5 34.6±1.6 25
4.33 44.9±1.3 7 4.85 50.4±1.8 18 5.5 39.2±1.5 41
5.33 49.6±1.2 2 5.85 55.2±1.3 14 6.5 43.7±1.0 13
6.33 54.2±1.4 3 6.85 59.7±1.4 8 7.5 47.1±0.8 6
7.33 58.6±1.4 1 7.85 65.8±1.4 9 8.5 49.4±0.9 3

Watchemoket Cove (90) Big Annemessex River (177) Robinston (190)
1.15 27.6±2.9 24 1.33 57.0±1.3 14 3.67 37.9±1.6 8
2.15 34.8±2.0 31 1.80 60.9±1.8 30 4.67 42.5±1.6 16
3.15 42.4±1.7 19 2.33 68.8±2.0 33 5.67 47.2±1.6 41
4.15 48.2±2.5 11 2.80 73.7±0.8 4 6.67 51.7±1.0 20
6.15 57.1±1.4 8 3.33 77.2±1.3 7 7.67 54.6±0.9 7
7.15 62.5±1.0 6 4.33 86.8±1.5 2 8.67 57.0±1.2 4

New Bedford (180) Stockton Harbor (164) Tangier Sound (166)
1.85 32.0±1.0 0.5 3.0 31.0±1.8 2 1.33 54.6±2.3 36
2.85 43.7±1.2 3 4.0 38.2±1.8 2 1.80 62.0±1.6 26
3.56 48.3±1.6 8 5.0 44.8±1.4 11 2.33 67.9±1.2 13
3.85 51.2±0.8 15 6.0 49.2±1.1 13 2.80 73.4±1.3 11
4.56 53.9±0.9 16 7.0 54.1±1.5 17 3.33 78.2±0.9 3
4.85 56.2±0.9 21 8.0 58.2±1.2 21 3.80 81.6±0.8 1
5.56 58.9±1.2 16 9.0 62.8±1.3 13 4.33 86.2±0.7 2
5.85 61.2±0.8 11 10.0 66.5±1.4 11
6.85 64.4±0.9 6 11.0 70.3±1.2 3 Raritan Bay (200)
7.85 69.0±0.6 3 12.0 75.0±1.3 5 1.33 30.4±0.8 3

Winnapaug Pond (229) Wickford (203) 1.67 36.4±1.8 23
0.9 24.2±1.6 3 0.20 7.0 - 0.5 2.33 40.2±1.7 39
1.5 31.5±1.0 2 2.00 37.3±1.1 2 2.67 43.8±1.6 25
1.9 37.4±1.2 5 2.67 48.7±1.4 4 3.33 47.4±0.8 10
2.5 41.4±1.2 7 3.00 53.9±1.4 10
2.9 46.2±1.3 14 3.80 60.4±1.8 18 East Greenwich Cove (192)
3.5 50.6±1.8 24 4.80 68.1±2.5 36 1.0 20.8±3.5 30
4.5 56.0±1.6 29 5.80 75.1±1.8 13 2.0 30.8±1.0 9
5.5 60.5±1.2 8 6.00 80.2±1.1 7 3.0 38.4±2.8 49
6.5 64.1±1.4 4 7.00 84.7:W.9 2 4.0 45.0±1.5 11
7.5 67.2±0.7 4 8.00 88.5±0.6 2 5.0 50.9±1.1 3
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