


TABLE 4.  Analysis of residuals (in log,q form) from equation 2 by
type of sampler. A mean residual of 1.0 would indicate that sampling
variances are, on average, 10 times the predicted values and a mean
residual of —1.0 indicates that sampling variances average 1/10 the
predicted values. n is the number of sets of samples collected using
each sampling device, and ¢is the #-statistic comparing the mean resid-
ual of the subgroup (i.e. sampler) with the average of the residuals of
all other subgroups assuming unequal variances (Prepas 1984). No
sampler yielded variances that departed significantly (P < 0.05) from
the pattern described by equation 2.

Sampling device n  Mean  Variance t df
Quadrat (569 cm?) 26 0.092  0.092 1.56 30
KUG Sampler 54 0.056 0.244 030 62
Quadrat (991 cm?) 198 0.037 0.114 1.76 486
Quadrat (112 cm?) 47 0.007 0.095 0.15 65
Gerking Sampler 50 0.007 0.154 0.12 62
Quadrat (2540 cm?) 24 -0.080 0.110 -1.20 27
Minto Sampler 48 —0.096 0266 —1.38 53
Macan Sampler 26 -0.111 0.168 —1.42 16
Quadrat (10,002cm?) 24 —0.167 0.487 -1.22 24

guidance regarding the degree of spatial heterogeneity to be en-
countered-in the field. Equation 3 works equally well (¢-value =
—1.42; df = 136; P of difference is 0.16) for both of the study
sites examined. Individual species or other sites could depart
radically, however, and pilot field studies should be used if time
and research funding permit.

Assuming that the epifauna in Lake Memphremagog are
representative, equation 3 can be used to calculate provisional
estimates of the number of replicate samples (7) that one must
take to yield a given level of precision. The predicted variance
can be calculated by rearranging equation 1:

@) §* = ax®A°

(analogous to equation 3) where a = 10°’ and all other variables
are as in equation 1. The predicted number of samples (4)
needed to obtain a given level of precision can be calculated by

(5) A= ai® 24>

where p is the desired ratio of the standard error (SE) to the mean
population density (). If we desire a level of precision that is
equal to, say, 20% of the mean (a value suggested by Elliott
1977, p.129), then p = 0.2 and st = 0.2%.

For the freshwater epiphytic invertebrate fauna in Lake
Memphremagog, the regression coefficients can be substituted
into equation 5 to yield

(6) A= 67.76i—0'360A_0'435p_2.

This equation shows that the requisite number of replicate
samples increases with decreased population density, decreased
sampler area, and increased precision (i.e. decreased p). If
equation 6 holds for other ecosystems, predictions of # could
be made by guessing the population levels to be encountered in
the field, or through the use of preliminary sampling surveys.

TABLE 5. Analysis of residuals from equation 2 by taxonomic group. All variables are as in Table 4.
r? is the coefficient of determination for the relationship between the residuals in logo form and log;o £
for each taxon. The prefix “total” indicates that members of the taxonomic group were summed within
each sample before means and variances were calculated among replicates. *P < 0.05; **P < 0.01.

Organisms

Taxon keyed to; n Mean  Variance t df r?
Ostracod type “S” Genus(?) 15 0.194 0.107 2.37* 15 0.00
Odonata Order 8 0.171 0.076 1.75 8 0.07
Tardigrada Class 3 0.147 0.047 1.17 2 0.30
Total Ostracoda Order 21 0.145 0.397 1.94 22 0.06
Ephemeroptera Order 9 0.128 0.110 1.17 8 0.02
Pelecypoda Class 15 0.119 0.397 0.75 14 0.37*
Harpacticoid copepods Suborder 15 0.114 0.116 1.30 15 0.02
Nematoda Order 19 0.109 0.103 1.50 20 0.01
Chironomidae Family 21 0.103 0.360 0.81 21 0.03
Oligochaete type “L” Genus(?) 9 0.098 0.104 0.92 8 0.13
Total organisms Kingdom 21 0.094 0.198 0.99 21 0.10
Turbellaria Class 10 0.082 0.054 1.09 10 0.37
Total Gastropoda Class 5 0.060 0.082 0.46 4 0.24
Hirudinea Class 14 0.059 0.093 0.73 14 0.39*
Ceratopogonidae Family 4 0.054 0.154 0.28 3 0.38
Hydra sp. Genus 21 0.025 0.169 0.28 22 0.03
Total Oligochaeta Order 21 0.006 0.227 0.06 21 0.02
Gammarus sp. Genus 21 —0.006 0.080 -0.10 24 0.02
Misc. Gastropoda Family® 108 —0.033 0.108 -1.09 217 0.00
Cladocera Genus® 57 -0.063  0.225 -1.09 67  0.06
Lepidoptera Order 12 -0.103 0.122 -1.03 12 0.05
Cyclopoid copepods Suborder 20 —-0.115 0.065 -1.99 23 0.07
Coleoptera Order 8 -0.173 0.008 —4.80** 13 0.57*
Trichoptera Order 18 —0.207 0.077 -3.17%* 20 0.07
Acari Order 21 —0.321 0.442  —2.29* 21 0.02

2ANCOVA shows that there is no significant (P < 0.01) heterogeneity of &’ or & (equation 1) among

families within this class.

PANCOVA shows that there is no significant (P < 0.01) heterogeneity in @’ or b (equation 1) among

genera within this order.
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TaBLE 6. Number of replicate samples needed for various
sampler sizes and phytofauna population densities in order
that the SE of replicate samples averages 20% of the mean
population density (p = 0.2). Calculations are from equa-

tion 6.

Population Area covered by sampling device (cm?)
density

(no.-m™2) 112 569 991 2540 10002

1 218 107 84 56 31
10 95 47 37 24 13
100 41 20 16 11 6
1000 18 9 7 5 3

10000 8 4 3 2 2

Table 6 shows the approximate number of phytofauna samples
needed at different levels of population density using different
sized sampling devices. These predictions are made for average
phytofaunal taxa.

Cost Efficiency

Table 6 shows that equally precise population estimates of
epiphytic invertebrates can be made using a variety of combina-
tions of sampler size (A) and sample number (n). Decisions as
to what combination to use must be based on cost considera-
tions. Our measurements show that between 52 and 78% of the
costs are due to counting of samples (Table 7). Collection takes
the least time (4-8% of total), while processing samples takes a
little more (7-31% of total). Table 7 shows that per-sample costs
at all stages of analysis rise rapidly with the size of sampling
device. We used regression analysis to test for the multiple
effects of size of sampling device, standing macrophyte bio-
mass, and total population density of littoral invertebrates on the
total time necessary to extract, process, and count a sample of
the epifauna (Table 8). We found that the total sampling cost
(T; minutes) was only a significant function (P < 0.05) of the
size of sampling device (A; square centimetres) and the standing
macrophyte biomass (B; grams dry weight per square metre):

(7) T=15.18+0.0324 + 1.190B.

TABLE 7. Average amount of time-cost (min) for each phytofauna
sample during each stage of sample collection. Data were collected
during comparison C (average macrophyte biomass: 19 g dry wt.-m™2),
Values in parentheses are the number of samples and the standard
deviation of time measurements.

Sampling cost (min-sample ")

TABLE 8. Analysis of variance table for regression of total time re-
quired to collect, process, and count phytofauna samples (7; min) as a
function of the area covered by the sampling device (A; cm?) and the
standing biomass of aquatic macrophytes (B; g dry wt.-m™2) (equa-
tion 7). All variables are as in Table 3.

df SS F R? F'

Source of variation

Model (equation 8) 2 466,995 57 0.50

Error 114 472,025

Total 117 939,020
Independent variable

A 110

B 8

Invertebrate population density had no significant effect on
sampling cost. This suggests that it is the searching through
detritus and plant material for animals that took the most time,
not the actual counting and identification of the animals. This
might not be true had taxonomic identification been more
detailed.

We have used actual average cost estimates made under one
set of conditions (Table 7) to examine the cost efficiency of
different sampler sizes. Average total time-costs from Table 7
can be substituted into Table 6 to yield predicted average
sampling costs for various sampling regimens. These results
(Table 9) show that sampling costs are highest when sparse
populations are estimated using large area samplers. The optimal
sampler size for the phytofauna seems to be between 100 and
1000 cm?. Quadrats of 500 cm? are in this range and would yield
convenient calculations. The total cost per unit area for 112-cm?
samplers is 0.19 min-cm™2 as compared with 0.06 min-cm ™2
for 569-cm? samplers. Smallest samplers are somewhat more
costly because very small samplers require about the same
amount of time to approach and retrieve as larger ones.

Labour savings due to sampler choice can be quite substan-
tial. The most common sampler size used for the phytofauna
has been 2500cm?® (e. g. Calow 1973; Andrikovics 1975;
McLachlan 1975; Soszka 1975; Chambers 1977; Junk 1977).
The substitution of a 569-cm? sampler could result in time
savings of between 9 and 18% (Table 9), depending upon the
density of the target population. Substitution of a 569-cm?>
quadrat for a 1-m? sampler could result in a threefold to fivefold

TABLE 9. Average amount of time (min) needed to collect, process,
and count sufficient phytofauna samples such that the s of replicate
samples averages 20% of the mean estimated population density (p =

Quadrat 0.2). Calculations were made by multiplying the predicted sample
area (cm®)  Collection  Processing Counting Total numbers (4) in Table 6 by the average total collection times indicated
in the last column of Table 7. Actual values will differ under other
112 1.8 6.5 12.3 21.0 conditions (see equation 7). The table shows that, in general, larger
(6, 0.6) (5, 1.6) (6,7.8) (5, 8.3) samplers result in more expensive sampling programs.
569 33 7.7 22.7 33.7 . . .
Population Area covered by sampling device (cm?)
4, 1.2) “,3.3) @4,16.4)  (4,20.5) density y sampiing
991 4.8 10.6 30.5 44.5 (no.-m™?) 112 569 991 2540 10002
6, 1.4) (6, 3.1) (5, 13.5) (5, 15.0)
2540 53 1.1 58.0 74.3 1 4571 3606 3741 4161 11064
(4, 0.8) (4,2.5) (4,253) (4,283 1(138 1% lggi 134112 1;213_3, ‘21?3?
10002 14.6 245 184.5 356.9 1000 377 303 312 372 1071
(3,2.7 (3,5.8) (3,166.5) (3, 157.0) 10060 168 135 134 149 714
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reduction in sampling effort. In addition to their greater effi-
ciency, small samplers yield samples that are easier to store and
transport, and destroy between one-fifth and one-ninth the
amount of habitat for the same level of precision. This is
especially important for studies involving seasonal dynamics of
invertebrates in small weed beds.

Recommendations

Our comparisons of sampler accuracy indicate that quadrat
clipping techniques yield the highest population estimates.
These population estimates are commonly fivefold greater than
those made using the Gerking, Macan, Minto, or KUG samplers
(Table 1). All five quadrat sizes tested appear to yield similar
population estimates. The most accurate method is therefore the
gentle removal of macrophytes from quadrat frames.

The number of requisite replicate samples depends upon the
size of the quadrat used and the population density of the
organism of interest. The number of replicate samples taken
must be large if sparse populations are being studied, small
samplers are being used, or high levels of precision are required.
Our estimates of sampling variance made in Lake Memphre-
magog could be used to make preliminary estimates in other
ecosystems. The provisional sample number can be predicted
from equation 6. Our examination of sampling costs shows
that the amount of time expended per phytofauna sample in-
creases rapidly with sampler size and macrophyte standing
biomass (Table 8). Combination of these data with predicted
sample number shows that optimal quadrat sizes were between
112 and 991cm?. We therefore recommend that phytofauna
population estimates be made by counting the organisms col-
lected through the gentle clipping of macrophytes within 500-
cm? quadrats. These population estimates should be among the
most accurate, precise, and cost effective possible using current
technology. It should be remembered that even at moderate
macrophyte biomass, the processing of a single set of samples
with sufficient replication to describe population densities of
1 organism*m™2 with a precision (SE/%) of 0.2 has an average
cost of over 60 h. Even optimally designed sampling programs
are costly. The littoral ecologist must therefore choose hypoth-
eses carefully.
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