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Abstract

This study characterizes sources of variation in total zooplankton abundance estimates at seven stations
within the 5-10 m depth contour of southeastern Lake Michigan which were sampled monthly, April through
October, for the 1975 to 1979 period . Month, year, and station were statistically significant factors affecting
abundance estimates as were all interactions. Month was the largest source of variance either as a main effect
or interaction . Smallest coefficients of variation were associated with subsampling (mean 6 .1 %) and replicate
sampling (mean 15 .1 %) . The between-station coefficient of variation averaged 39 .0% and tended to be highest
during the summer . For a given station and month, the between-year coefficient of variation averaged 73 .4%
while the between-month coefficient of variation for a single station in a given year averaged 95 .1 % . A table
shows the estimated number of replications necessary to detect a true difference in two population means as a
function of coefficient of variation . Environmental studies designed to detect spatial alterations should
conduct such analyses on a cruise-by-cruise basis . Cruises should consist of a large number of stations and be
conducted at least once during each season . Studies designed to detect temporal alterations require more
frequent sampling because of the greater variability associated with temporal data sets . Because spatial
variability adds little to the overall variability of such data sets, only a few representative stations need be
sampled during each cruise .

Introduction

It is well known that zooplankton are variable
along temporal and spatial gradients ; however, this
variability seldom has been quantified statistically .
Variability affects the precision of population esti-
mates and raises two basic concerns for environ-
mental studies attempting to detect changes in pop-
ulations as a result of some perturbation . First, are
differences in population means over time or space
within the inherent variability of the system or are
such differences indicative of some environmental
perturbation? Second, how sensitive is a study de-
sign in detecting shifts in the population mean?

Our long-term (1971-1982) monitoring study of
zooplankton populations in southeastern Lake
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Michigan (Evans et al. 1978 ; Evans et al. 1982)
provides an excellent data base for evaluating an-
nual, seasonal, and spatial variability in zooplank-
ton populations . Specific questions we have inves-
tigated regarding zooplankton abundance estimates
are: 1) What is the contribution of time, space, and
time-space interaction to the variance in zooplank-
ton abundance estimates? 2) Given particular sour-
ces of variation, how sensitive are various sampling
programs in detecting shifts in the population
mean? 3) How might a sampling program be im-
proved to increase its sensitivity to detect spatial
and temporal alterations in zooplankton popula-
tions?
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Although the results are specific to the sources of
variability identified in our study, they exemplify
an approach which can be used to obtain more
precise abundance estimates . Generalities deter-
mined by our study have broad application to a
variety of population studies, although details will
vary with the system and methods employed .

Materials and methods

Trends of spatial and temporal variability dis-
cussed in this paper are derived from samples at
stations in the inshore region (5 to 10 m depth con-
tour; Evans et al. 1980) of a wider survey area
located in southeastern Lake Michigan . The seven
inshore station subset was chosen because the sta-
tions (Fig. 1) represent the lake region most exten-
sively sampled over the course of the study . These
seven stations were sampled once a month from
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Fig. 1 . The locations of the seven stations sampled monthly,
April through October, for the 1975 to 1979 period . The inset
shows the location of the survey grid relative to Lake Michigan .

April to October, 1975 to 1979. A detailed descrip-
tion of the history of the monitoring study is pro-
vided by Evans et al. 1982) .

Zooplankton were collected at each station with
a 50-cm, 156-µm mesh net equipped with a calibrat-
ed flowmeter and hauled from approximately 1 m
off the lake bottom to the surface. Two replicate
samples were collected at each station . The outside
of the net was washed down and zooplankton were
preserved with a sugar-formalin solution (Haney &
Hall 1973) .

In the laboratory, each subsample was subdi-
vided in a Folsom plankton splitter to give two
subsamples of 350-500 animals each . A third sub-
sample containing 700-1 000 animals was exam-
ined for rare taxa whose total count in the first two
subsamples was less than forty . Methods for identi-
fying copepods and cladocerans in the samples are
provided in Evans et al. (1982). Sample densities
were calculated by averaging the densities deter-
mined from the subsamples . Station densities
(numbers/ m 3 ) similarly were calculated by averag-
ing the sample density estimates .

Analysis of variance (ANOVA) was used to in-
vestigate the effects of month and season on zoo-
plankton abundance (numbers/ m 3 ) . A two-way
(month X station) ANOVA was performed on
sample data by year for each of the five years consi-
dered in this paper . A fixed-effects model was used
(Table 1) with month and station as fixed factors .
Variances .due to main effects and the interaction
were calculated by using the appropriate formula
(Table 1). A fixed-effects model was used because
the same geographic locations (stations) were
sampled each month and cruises were conducted
during the same period of each month throughout
the study .

A second set of analyses investigated the effect of
year and station on zooplankton abundance esti-
mates. The two-way ANOVAs (year X station) in-
dividually used April (spring), July (summer), and
October (autumn) sample data for the seven sta-
tions over the 1975 to 1979 period . A three-way
ANOVA (month X year X station) was performed
on the entire sample data set (7 months X 7 stations
X 5 years X 2 replicates) using a fixed-effects model .
Data were log-transformed to better meet the as-
sumptions of normality : the statistical design was
complete with no missing cells. Analyses were per-
formed using the BIOMD :8V statistical program as



Table l . Anova table for two factor and three factor analysis of variance for fixed effects model .

I = Number of levels of month (7, fixed)
J = Number of levels of station (7, fixed)
K = Number of levels of year (5, fixed)
N = Number of replicates (2, random)

implemented on the University of Michigan Com-
puter System . Output from this program included
the appropriate formula for the expected mean
square .

As a first step in investigating the sensitivity of a
sampling program to detect a true difference be-
tween population means, coefficients of variation
were calculated (raw data) for a number of data
sets. This allowed quantification of sources of vari-
ability in estimating population means at a station,
over a region of the survey grid, and over time . The
following coefficients of variation (CV) were calcu-
lated: 1) the CV between subsamples for each of the
490 paired subsamples (7 stations X 7 months X 2
samples X 5 years) ; 2) the CV between replicate
samples for the 245 paired replicates (7 stations X 7
months X 5 years) data set ; 3) the CV between the
seven stations for each of the 35 cruise (7 months X
5 years) data sets ; 4) the CV between the seven
months for each of the seven stations in each of the
five years studied (a total of 35 values) ; 5) the CV
between years by station and by month . This re-
presented a total of 49 calculations for each of the
seven stations sampled in each of the seven months .
6) mean CVs were calculated by month and by year
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for the above statistics to investigate seasonal and
year-to-year differences in variability .

Coefficients of variation involving station,
month, or year were calculated using station data .
As stated earlier, the abundance estimate for each
station was based on the mean of two replicate
samples, each of which based on the abundance
mean of two subsamples . Thus, to calculate the
coefficient of variation between stations in April
1979, we used the seven station abundance esti-
mates. This coefficient of variation included varia-
tion due to between-station variability but also in-
cluded variance due to subsampling and replicate
sampling. By basing the between station coefficient
of variation on station means rather than estimates
derived from a single sample from each station or a
single subsample from a single sample, we minim-
ized the subsampling and replicate sampling var-
iance. The actual magnitude of variance due to
subsampling and replicate sampling is shown later
in the text . However, for most studies, such var-
iance is a relatively small source of variance in
comparison to variance due to spatial and temporal
factors .

By knowing the coefficient of variation (or var-

Source Sum of squares Degrees of freedom Mean square

2-factor analysis
Month
Station
M X S
Error

Total

3-factor analysis
Month
Station
Year
M X S
Y X M
Y X S
Y X M X S
Error

Total

SS,
Ss '
SSm ,
SSe

SSi

SSm
SSs
SS,
SSm'
SSym
SS ys
SSyms
SS e

SSA

1-I
J-1
(1-1)(J-1)
IJ(N-I)

IJK-I

I-1
J-l
K-1
(1-1)(J-1)
(1-I)(K-l)
(J-I)(K-1)
(1-1)(J-1)(K-I)
IJK(N-I)

IJKN-1

MSm
Mss
MSms
MSe

MSm
MSS
MSy
MSms
MSym
MSy ,
MSyms
MSe



21 8

iance) associated with a population mean estimate,
it is possible to calculate the approximate number
of replicates necessary to statistically detect a given
true difference in population means with a specified
level of certainty . The following formula presented
by Sokal and Rohlf (1969) was used :

n > = 2(a/6)2 {tal„l + t2(1-P)lv1} 2

where
n = number of replications
c F= true standard deviation
6 = the smallest true detectable difference . It is not
necessary to know the absolute values of a and 6 .
Only the ratio is needed ; for example, the ratio
between the coefficient of variation and a percent
difference in the means .
v = degrees of freedom of the sample standard
deviation (MS within) with `a' groups and `n' repli-
cates where v = a(n-1) .
a = significance level
P = desired probability that a difference will be
found to be significant if it is a small as 6 .
taF „1 and t2(1 - p)[ ,, are values from a two-tailed t-test
with v degrees of freedom and corresponding to
probabilities of a and 2(1-P) respectively .

A table was constructed by selecting coefficients
of variation (ranging from 5% to 200%) and percent
differences in means (6 levels ranging from 10% to
200%) between two populations . A significance lev-
el of 0.05 and a desired probability (P) of 0 .80 were
selected . Such two-population comparisons include
`before' versus `after' populations, experimental
versus control populations, station A versus station
B, etc . After the initial conditions were set, an itera-
tive procedure was employed to solve for `n', the
number of replicates required for each population .
By knowing the coefficient of variation associated
with a data set and the number of replications, the
table can be used to estimate the sensitivity of a
study to detect differences in population means .

Results

Month and station were statistically significant
(a = 0 .05) factors affecting zooplankton abundance
estimates for the April through October period of
each year (Table 2) . The interaction between month
and station also was significant indicating that
main effects were not additive . Most of the ex-

Table 2. Analysis of variance of log-transformed zooplankton
abundance data by year at 7 stations and 7 months with 2
replicates per station .

* = Significant at the 0.05 significance level .

plained variance was due to month (56 .5% to
81 .4%) while station accounted for a relatively
small percent (1 .3% to 14.6%) of the variance . Sta-
tion-month interaction accounted for an addition-
al 9.7% to 23 .9% of the variance . Variance due to
station was highest in 1977 while variance due to
month was largest in the 1976 and 1978 ANOVA's .
Analysis of variance was performed for April

(spring), July (summer), and October (autumn)
1975 to 1979 data sets to remove effects due to
month (Table 3) and to investigate the main factor
year. Year and station were significant main effects
(a = 0.05) as was the interaction term . Variances
due to station and year were largest in July. Station
accounted for a relatively small percentage of the
explained variance (5.3% to 8 .0%) while year ac-
counted for a relatively large amount (54 .4% to
74.6%) of the variance . Similar analyses of the
5-year, 7-month, 7-station data set (Table 4) indi-

Source F-Statistic Variance % of the
variance

1975
M 189 .8147* 0 .1449 71 .31
S 18.6226* 0 .0135 6 .64
MS 6.0788* 0 .0273 13 .44
Error 0 .0175 8 .61

1976
M 415.1778* 0 .2216 72.39
S 8.4781 * 0 .0040 1 .3
MS 10 .7477* 0 .0730 23 .86
Error 0 .0075 2 .45

1977
M 155 .6044* 0 .0987 56 .53
S 40.8967* 0 .0255 14.60
MS 10 .2903* 0 .0415 23 .77
Error 0 .0089 5 .10

1978
M 476.9955* 0 .2354 78.70
S 19 .3101* 0 .0091 3 .04
MS 14.7557* 0 .0477 15 .95
Error 0 .0069 2.31

1979
M 235 .9388* 0 .1272 81 .42
S 12 .4697* 0 .0062 3 .97
MS 5 .0248* 0.0152 9 .74
Error 0 .0076 4.87



Table 3 . Analysis of variance of log-transformed zooplankton
abundance data by year and station .

cated that all main effects and interactions were
statistically significant . Most of the explained var-
iance was due to month or to interactions involving
month .

The coefficient of variation between subsamples
ranged from less than 1% to 23 .6% and averaged
6.1%. The mean coefficient of variation for sub-
samples did not exhibit a strong seasonal trend
(Fig. 2) nor did it vary substantially between years
(Fig . 3) .

The coefficient of variation between replicate
samples at one station ranged from 0 .0% to 74.4%
and averaged 15 .1 %. The mean coefficient of varia-

Table 4. Analysis of variance of log-transformed zooplankton
abundance data by year, month, and station . Seven stations
were sampled for five years (1975-1979) between April and
October .

* = Significant at the 0 .05 significance level .
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Fig . 2. The mean coefficient of variation (%) by month for (a)
- • • • - subsamples, (b) - •- • replicate net hauls, (c)	stations
by cruise, (d) --- individual stations between years, (e) -- cruise
mean (7 stations) between years .

tion between replicate samples was lower in spring
and autumn than in summer (Fig . 2) .

The coefficient of variation between stations for
a given cruise ranged from 12 .2% to 78.0% and
averaged 39 .0% for the 35 cruises . It was lower in
spring and autumn than in summer (Fig . 2) and
followed a similar seasonal pattern as the coeffi-
cient of variation between replicate hauls . Similar-
ly, zooplankton exhibited greater between-station
variability in some years (1977) than others (Fig. 3) .

For a given station and a given month, the mean
coefficient of variation between years ranged from
29.8% to 161 .2% and averaged 73 .4%. It was lowest
(Fig . 2) in the spring and autumn (51 % to 67%) and
highest in the summer (94.6% to 103%). The sea-
sonal pattern differed from the coefficients of varia-
tion for replicate sampling and for station . A se-
cond set of coefficients of variation was calculated
based on a 7-station mean for each cruise . With the

Source

	

F-Statistic Variance % of the
variance

April
Y 133 .88* 0 .0820 74 .55
S 7 .67* 0.0058 5 .27
YS 4.15* 0.0136 12 .37
Error

Juh

0 .0086 7 .82

Y 173 .99* 0 .1654 65 .82
S 16 .02* 0 .0202 8 .04
YS 8 .79* 0 .0523 20 .81
Error

October

0 .0134 5 .33

Y 170.39* 0 .0412 54 .35
S 17.26* 0.0055 7 .26
YS 16 .12* 0.0257 33 .91
Error 0.0034 4 .49

* = Significant at the 0 .05 significance level.

Source F-Statistic Variance % of the
variance

Y 122 .003* 0.0122 4 .35
M 731 .812* 0.0870 33 .76
S 59 .271 * 0 .0069 2 .68
YM 165 .888* 0 .0982 38 .11
YS 10 .898* 0.0064 2 .48
MS 12 .185* 0.0093 3 .61
YMS 8.295* 0.0304 11 .80
Error 0.0083 3 .22
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Fig. 3. The mean coefficient of variation (%) by year for (a)
- • • •- subsamples, (b) - .- . replicate hauls, (c)	individual
stations, (d) --- between-months by individual station, (e)	
the between-months for cruise means (7 stations) .

exception of August (Fig . 2), the between-year coef-
ficients of variation (mean 67 .5%) were lower than
similar coefficients of variation based on individual
stations .

The coefficient of variation associated with time
factors was highest when coefficients were based on
population means over several months . For a given
station and year, the coefficient of variation over
the 7-month cruise season (Fig . 3) ranged from
43.8% to 199 .5% and averaged 95.1%. This mean
coefficient of variation was reduced only to 92 .3%
when calculations were based on a 7-station mean
for each cruise . Zooplankton were more seasonal in
abundance in some years than others with the grea-
test seasonality occurring in 1975 and 1978 .

Table 5 shows the relationship between the coef-
ficient of variation and the number of replicates
required to detect a 10%, 25%, 50%, or 100% differ-

Table 5 . Number of replications necessary to be 80% certain of
detecting (a = .05) a true difference (%) between the means of
two populations as a function of the coefficient of variation (%)
of the populations .

ence in the means of two populations at the 0 .05
significance level and with a certainty of 80% . For
low coefficients of variation (<40%), a relatively
small number of replicates are required from each
population to detect true differences in means .
However, as the coefficient of variation increases,
larger numbers of replicates are required .

Discussion

Many factors affect the precision and accuracy of
zooplankton population estimates . Quantification
of sources of variability allows a better understand-
ing of the statistical resolution of a study and sug-
gests improvements in study design (Cassie 1971 ;
Green 1979) .

The smallest source of variance, averaging 6.1%,
was due to subsampling procedures . While the coef-
ficient of variation could be reduced by increasing_
the number of subsamples examined, this would
result in only a small increase (and at great expense)
in the precision of population estimates (Sell &
Evans 1982) .

The next largest coefficient of variation, averag-
ing 15.1 %, was associated with replicate sampling
at a station . Sell & Evans (1982) also showed that

Coefficient
of
variation
(%)

True difference in population means

10% 25% 50% 100% 150% 200%

5 5 2 2 2 2 2
10 17 4 2 2 2 2
20 64 11 4 2 2 2
30 144 24 7 2-4 2 2
40 255 41 11 4 2-4 2
50 399 64 17 5 2-4 2-4
60 575 92 24 7 4 2-4
70 782 125 32 9 4-5 2-4
80 1 022 163 41 11 5-6 4
90 1 293 207 52 14 7 4-5
100 1 596 255 64 17 8 5
125 2 494 399 100 26 12 7
150 3 591 575 144 36 17 10
175 4 888 782 196 49 22 13
200 6 385 1 022 255 64 29 17
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replicate sampling at a single station (June 1980)
accounted for a larger percentage of the total var-
iance than variance due to subsampling . Replicate
sampling is useful because it allows investigations
of interactions in multifactor ANOVA designs .
Without such replication, the highest order interac-
tion term is used as an estimate of the mean square
error necessary to compute the F-statistic (Neter &
Wasserman 1974) . Consequently, the highest-order
interaction term cannot be fully investigated . Our
study has determined that this interaction was sig-
nificant and was a major component of variance .
This has two statistical implications . First, errone-
ous conclusions can be drawn from a study by
making the invalid assumption that the highest-
order interaction term is statistically nonsignifi-
cant . Secondly, since the highest-order interaction
mean square was a major source of variance (Tables
2, 3, and 4), using this term as an estimate of the
mean square error can result in an over-estimate of
the relative magnitude of the error term . This can
result in a reduction in the calculated F-statistic for
the main effects and the lower-order interaction
terms with a subsequent reduction of the power of
the test . Since station was a relatively small source
of variance in the month X station and the month X
station X year ANOVA's, using this approach
could result in a researcher incorrectly concluding
that station was not a statistically significant factor
(as a main effect or interaction ; Tables 2, 3, and 4) .

The coefficient of variation for replicate sam-
pling (mean 15 .1 %) and for between-stations (mean
39.0%) varied seasonally and tended to be highest in
summer. This suggests that zooplankton are more
patchily distributed in some months than others
both on scales of meters (replicate samples) and
hundreds of meters (between stations). Differential
patchiness may be related to biological and physical
factors. The spring and autumn zooplankton com-
munity is dominated by copepods having genera-
tion times of several weeks . Conversely, the sum-
mer community is dominated by cladocerans
(Evans et al. 1980) having generation times of days
(Allan 1976) . High reproductive rates may allow
summer zooplankton to respond more rapidly to
small changes in environmental conditions . In ad-
dition, during summer, the water column is stable
as high temperatures and thermal gradients in-
crease thermal resistance to mixing (Wetzel 1975) .
Thus, zooplankton are less readily mixed by physi-
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cal processes during the warmer months of the year
contributing to greater patchiness . During summer,
when zooplankton are vertically stratified in rela-
tion to thermal gradients (Wells 1960), localized
upwellings also may result in large between-station
variance .

Seasonality accounted for the largest variance
both as the main effect month and the month X year
interaction (Table 4) . The month X year interaction
is due to differences in seasonal events across years .
For example, in one year, a July cruise may be
conducted during an upwelling, but not in the sub-
sequent year . In one mid-April cruise, the spring
zooplankton pulse may be well-developed while,
one year later, zooplankton reproduction may be
delayed due to lower water temperatures . Differen-
ces in seasonality between years affect population
estimates for a given month and year . A single
cruise conducted in a month does not provide a
precise estimate of overall population levels for that
month, resulting in high coefficients of variation
(average 73 .4%) between years . Coefficients of va-
riation between years based on the mean of several
population estimates over a year are lower (average
20.1 %) because such estimates include seasonal re-
plication .

Researchers in environmental perturbation stu-
dies have two basic concerns . First, are populations
in the vicinity of a perturbation (thermal effluent,
nutrient, or other discharge) different from popula-
tions in control regions? Second, does the perturba-
tion result in temporal shifts in population charac-
teristics?

In order to characterize the spatial distribution of
zooplankton before and during a perturbation, spa-
tially intensive (many stations sampled over the
survey area) cruises should be conducted at least
once in each season . Cruises conducted at the be-
ginning of the study will allow the researcher to
characterize the between-station variability of the
area, stratify the survey grid into regions with sim-
ilar population characteristics, and redesign the
survey grid to include a sufficient number of sta-
tions to detect the level of change .

Since zooplankton abundances vary significantly
from year to year, `before' type studies should be
conducted over at least two years to quantify this
variability. Cruises designed to provide detailed in-
formation on the temporal distribution of zoo-
plankton should be conducted at least monthly and
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preferably weekly or biweekly . However, because
the spatial component of variance is a relatively
small source of total variance (Table 3, 4), it is not
necessary to intensively sample the entire study area
during each cruises . A few representative stations
should be sufficient to investigate temporal trends .

After the perturbation begins, the researcher
must evaluate its effects on the spatial and temporal
characteristics of the zooplankton population . Each
type of evaluation requires a distinct statistical ap-
proach .

Analyses investigating spatial alterations on
zooplankton populations should do so on a cruise
by cruise basis : temporal factors account for a large
amount of variability in zooplankton abundance
estimates and can confound the immediate detec-
tion of spatial trends . While at the beginning of the
perturbation, spatially-intensive cruises should be
conducted at least once each season, the frequency
of such cruises later can be reduced if spatial effects
are not detected or are sufficiently quantified .

In order to evaluate temporal alterations in pop-
ulations, `before' and `after' type statistical compar-
isons can be performed in two basic ways : by month
or by year . Month comparisons across `before' and
`after' data blocks are useful to investigate specific
effects related to seasonality in zooplankton com-
position and sensitivity to stress . A disadvantage to
this approach can be the high coefficient of varia-
tion (Table 5) associated with such data sets (73.1 %
in our study) . `Before' and `after' comparisons
based on zooplankton mean abundances for each
year lose information on specific seasonal effects .
However, the coefficient of variation between years
can be low (mean 20 .1 % in our study) with the result
that the statistical sensitivity of the study is im-
proved (Table 5) .

The results reported here are specific to a subset
of our data and vary as a function of the data base
considered . For example, the coefficient of varia-
tion between subsamples is higher at the species
level because of the smaller number of organisms
enumerated in species counts than for total zoo-
plankton. Furthermore, the significance of month,
station, and year as factors affecting abundance
estimates varies with the taxon (Lewis 1978 ; Evans,
unpubl. data) . The between-station coefficient of
variability increases as the data base considered in
this paper is expanded to include stations in differ-
ent geographic regions of the lake . The higher level

(station, month, year) coefficients of variation are
affected by the number of subsamples enumerated,
the number of organisms identified in each sub-
sample, and the number of replicates collected at
each station . This is because the higher level coeffi-
cients of variation include lower level variance due
to subsampling and replicate sampling . Conse-
quently, if these lower level sources of variation are
not minimized, the higher level coefficients of varia-
tion will increase. Sell & Evans (1982) discuss
optimal allocation of effort for subsampling and
replicate sampling based on considerations of their
relative magnitude of variance and collection costs .

Our study has provided specific information on
sources of variability in zooplankton abundances
estimates, sensitivity of study design to detect dif-
ferences in populations means, and suggests areas
in which detection limits of the study can most
realistically be improved . For example, in our
study, the average between-station coefficient of
variation is nearly 40%. With seven stations in the
vicinity of the power plant and seven stations in the
control region, shifts in population means of 50 to
100% can be detected . The true loss of zooplankton
in the vicinity of the plant is estimated at less than
10% (Evans et al. 1982). An extremely large num-
ber of stations would need to be sampled in both
control and plume regions to detect this small loss .

The results of our study can be extended to other
studies. From Table 5, it is evident that the smaller
the data base, the more cautious the researcher
must be interpreting the ecological significance of
differences in population means . With very limited
data sets, only very large differences (>150% or
more) should be given much ecological signifi-
cance. Classic studies purporting changes in zoo-
plankton populations as a result of fish predation
have been based on such large-magnitude changes
(Brooks and Dodson 1965 ; Wells 1970), although
these data were not subjected to statistical analysis .

Monitoring and surveillance studies often are
confounded by variability with possible environ-
mental effects below the detection limit of the
study. Our results indicate that researchers con-
ducting such investigations should be cognizant of
the statistical sensitivity of their study design . Such
knowledge will allow the researcher to redesign a
study to most efficiently (and frugally) quantify the
effects of a perturbation . The results of our study
also indicate that, with poor planning (low numbers



of animals enumerated in subsamples, lack of repli-
cation, too few stations sampled in the affected
region, infrequent sampling, etc .), a study will be
designed that will fail to detect any but the most
gross alterations in populations . While such studies
may conclude that no pertubation effects were de-
tected, is important to recognize that study design
and not the absence of an effect was the primary
factor responsible for such a conclusion .
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