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METHODS OF SAMPLING INVERTEBRATE DRIFT
IN RUNNING WATER
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134 J. M. ELLIOTT (2)

1. INTRODUCTION

The downstream drift of stream invertebrates is a normal feature
of lotic systems. An excellent review by WATERS [1969] surveys
most of the important literature on invertebrate drift [for further
references, see ELLiorT 1967 a, ULFSTRAND 1968, Bisnor & HYNES
1969]. As drift sampling is now an integral part of a study on
slream invertebrates, it is important to consider the mecthods and
problems of sampling invertebrate drift. The first part of the pre-
sent paper reviews and criticises drift samplers, and the second
part considers various problems associated with drift sampling.

2. DESCRIPTION OF DRIFT SAMPLERS

In early investigations, the drifting inveriebrates were caught on
a wire screen [DENDY 1944], or in a large net stretched across part
or all of the strecam width [NEEDHAM 1928, LLENNON 1941, MULLER
1954]. Other methods of sampling invertebrate drift can be divi-
ded into three broad categories :

1. Samplers without flow-meters.
2. Samplers with flow-meters.

3. Tube samplers and other more complex samplers.

Each sampler is only described briefly in the following account,
but references are given to the original descriptions.

2.1. Samplers without flow-meters.

A standard Surber-type bottom sampler [see WELCH 1948] was
used by some workers, e.g. TANAKA [1960]. WATERS |1962| used
Im-long lapered nets with a square mouth (Fig. 1A). The top
edge of the net 'was above the water surface, and the bottom edge
fitted close to a wooden board which was set in the stream bhottom.
Iron rods held the net in position and were driven through the
board into the stream bed. Therefore the net filtered a column
of waler with a known cross-sectional area. This sampler and
similar samplers have been used by several workers, ¢.g. WATERS
[1965, 1966|, BEscH [1966 |, BAILEY [1966], DENNERT et al. [1969]
BisHor & HyYNEs [1969].

A disadvantage of this type of drift sampler is that the nel may

become clogged with detritus and thus produce a backflow with
a decrease in sampling efficiency. One solution to this problem
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Fig. 1. Samplers without flow-meters.

A. Fixed nets (after Warers 1962); B. Fixed net (after ANpERsoN 1967);
. Cushing-Mundie sampler (after Cusming 1964, Munpie 1964); D. Sur-
face net (after Evrviorr 1967a). Arrows indicate direction of flow.
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is to narrow the mouth of the sampler and retain a wider net
immediately behind the mouth. The sampler used by ANDERSON
[1967] had a rectangular mouth leading to a slightly wider net with
protective shields on the top and bottom (Fig. 1B). CusHING [1964]
and MuUNnDIE [1964] designed similar drift samplers with narrow
mouths (Fig. 1C). The sampler consisted of a metal box with a
narrow inlet and wide outlet to which was attached the collecting
net (c. 1 m long). Iron rods held the sampler in position and also
served as legs on which the sampler could be raised or lowered.
Munpie [1966] later mounted his sampler on floats to sample in
deep water. This type of sampler was used by McLay [1968] and
HarpYy [1968]), who used glass-reinforced polyester resin (fibre-
glass) to build the funnel-shaped intake of the sampler. HARDY
[1968] gives a very detailed description of this light-weight version
of the Cushing-Mundie sampler.

Another disadvantage of most of these samplers is that the mouth
of the net is close to the stream bottom. Non-drifting invertebrates
can crawl directly into the nets and stone-cased larvae of Trichop-
tera may roll along the stream bed into the nets. Therefore a drift
sampler should be clear of the bottom to ensure that only drifting
animals enter the net. ELriorT [1967 a] used surface nets which
floated on the water and sampled to a depth of 7 cm from the
water surface (Fig. 1D). Each net hooked onto a brass frame which
had large wing-floats of polystyrene. Although this sampler did not
have a narrow mouth, the effective mouth was a horizontal slit,
48 cm by 7 em. A polyethylene bottle at the apex of the net floated
on the water surface and kept about half the net out of the water.
If clogging occurred, more of the net sank below the surface and
increased the filtration area of the sampler. Therefore the sam-
pling efficiency of the net rarely decreased (see also 3.2.). In a
sudden spate, the sampler rises with the water level and is thus
saved from destruction. A valid criticism of this sampler is that
it only catches surface drift. In shallow streams, the net is close
to the bottom but for deeper water it is assumed that surface drift
is typical of drift at other levels. This assumption is probably
valid for benthic invertebrates but not terrestrial and emerging
invertebrates in the drift [WATERs 1965, ELLioTT 1967 a].

2.2. Samplers with flow-meters.

It is important to measure the volume of water passing through
a drift sampler (see also 3.1.). Samplers described in 2.1. do not
have flow-meters, but some workers measured water velocity at
the mouth of the sampler. I have found that the small Ott current
meter C1 is an ideal instrument for use with a surface net.
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Fig, 2. Samplers with flow-meters.

A. Circular net (after MiiLer 1958);: B. Modified plankton sampler (after
Errtorr 1967a); C. Modified plankton sampler in cross-section; D. Drift
sampler (after SO6pErRceEx). Arrows indicate direction of flow. FM. flow-
meter, N. net. T. metal tube.
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MiiLLER [1958] used a simple drift sampler with a recording
propeller in the circular mouth of the net (Fig. 2A). Similar
samplers were used by ULFsTRAND [1968], and by PrarsoN &
FRANKLIN [1968|. LyakHov & ZHIDKoOV [1953] described a sampler
which was used for short periods near the bottom of deep rivers.
This robust apparatus had a flow-meter near the mouth of the
sampler. ELrLiott [1967 a] copied the design of a high-speed
plankton sampler and enclosed the net in a metal cylinder which
was held parallel to the stream hottom by iron rods (Fig. 2B). The
net was held in place by a detachable cone which narrowed the
mouth of the sampler and thus prevented rapid clogging of the
net. A flow-meter was not placed in the mouth of the net as this
may cause turbulence and the destruction of animals entering the
net. Instead, the flow-meter was fixed in the rear end of the
sampler and recorded the volume of water passing through the
net (Fig. 2C). SODERGREN (in litt.) uses a similar sampler which is
of simpler design (Fig. 2D).

One disadvantage of these samplers is that they do not catch
lerrestrial invertebrates which are most numerous in the surface
drift. This loss is not very important in studies on stream inver-
tebrates, but may be a serious error in work on production or on
the sources of available fish food. Surface nets [Munpie 1966,
ELrioTT 1967 a] should be used in these investigations.

2.3. Tube samplers and other samplers.

The problem of clogging and backflow is often solved by reducing
the mouth of the sampler (Figs. 1B, 1C, 2B). Another solution is
to pass a portion of the siream discharge through a tube which
ends in the air above a filtering net or sieve.

A simple tube sampler was used by KuBicek [1966] in shallow
streams. The outlet end of the plastic tube (length 300 cm,
diameter 5 cm) was above the water surface (Fig. 3A). This allo-
wed the 'water to fall into a filtering net supported by two prongs.
Crisp [1966] also used long flexible pipes (diameter 5 ¢m) which
acted as siphons and ended in filters suspended in the air (Fig. 3B).
The pipe intakes (diameter 3.5 ¢cm) were sited close to the stream
bottom above a weir, and the filters were below the weir. In the
original sampler, the intakes were attached to a large concrete
block on the stream bottom (Fig. 3B), whereas they were suspended
from a raft in a deeper stream and sampled al a fixed distance
from the water surface (Crisp, in litt.). MULLER [1966] used a
gravityfed tube to supply water 1o a sieve (diameter 30 ecm) which
stood on the bottom of a small stream below a small waterfall
(Fig. 3C).
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A disadvantage of tube samplers is that some invertebrates may
cling to the inside of the tube and are not washed into the filter,
e.g. larvae and pupae of Simulium. Therefore it is important to
clean the inside of the tube at regular intervals. The volume of
water passing through a tube sampler is easily measured at the
outflow by recording the time taken to fill a bucket of known
volume.

Although backflow may rarely occur in these tube samplers, the
filters may still clog during periods of high discharge. Crisp [1966]
used self-cleaning filters constructed of brass gauze. MULLER
{1665, 1966] mounted eight sieves on a turntable (Fig. 3D) that
rotated at standard time intervals (usually every 2 hr). The turnta-
ble was chain-driven by an electric motor powered by a battery.
An alternative drive-mechanism is described by Kureck [1967].
MULLER’s elegant sampler requires a relatively stable water level
and flow, but is the ideal sampler for studies on the diel periodicity
in invertebrate drift (see 3.3.).

‘WoLF [1951] developed a trap which filtered all the water flowing
down a stream. This large trap consisted of a fine-meshed screen
set below a weir. The screen was set at a slight angle to the hori-
zontal and filtered all the water falling over the weir. Fish and
drifting invertebrates were washed off the screen into a collecting
box with mesh sides. Although this trap was designed to catch
fish, it should be an efficient drift sampler, especially in torrential
streams subject to severe spates. One disadvantage is that the
trap requires a water fall of at least 1 metre.

PEARSON & KRAMER [1969] designed an ingenious drift sampler
driven by a waterwheel (diameter 110 em, width 20 cm). Small
buckets 'were fixed on the perimeter of the wheel at a 40° angle to
the tangent (Fig. 4). As the wheel revolved, the buckets were filled
underwaler and emptied into a large trough. The trough was incli-
ned at 10° and emptied into a melal tube (diameter 9 em) to which
was attached a nylon collecting net. The sampler was supported
by a mectal stand in shallow water and by floats in decep water.
Catches with the sampler were compared with drift-net catches
over 24 hr. The drift net (mouth = 30 em diameter) filtered at the
rate of 135 m3 waler per hour, whereas the waterwheel sampler fil-
tered 0.8 m?® water per hour. In spite of these differences, there was
a good correlation between the catches of the two samplers. The
chief advantages of the waterwheel sampler are that it does not
easily clog, it samples a precisely known volume of water, and it
can sample for long periods. Disadvantages are that it samples
near the surface and filters a small volume of water. Therefore
invertebrates may be missed by the sampler when their density in
the drift is low. '
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Fic. 4. Waterwheel drift sampler : lateral view.

3. SOME PROBLEMS ASSOCIATED WITH THE SAMPLING
OF INVERTEBRATE DRIFT

3.1. The relationship between total discharge and invertebrate drift.

Total discharge is one of the chief factors affecting the magni-
tude of invertebrate drift. If the volume of water flowing through
a drift sampler increases, the size of lhe catch increases [ELriorTt
1967 a, 1967 b, 1968 a, ULrstrAND 1968, ANDERSON & LEHMKUHL
1968, Bismor & Hynes 1969]. Fig. 5 illustrates Lthe correlation
between lotal calch (numbers per 24hr) and the tolal volume of
water sampled by a surface net (m® per 24hr). The average
relaticnship between the two variables is given by the regression
line :

Y =032X —10.49

where Y = numbers per 24hr, X = m® per 24 hr. As some poinls
lie far from the regression line, it is apparent that water volume
was nol the only factor affecting the total catch, i.e. drift density
(numbers per unit volume of water) was not constant. The 54
points in Fig. 5 are drift samples taken at two sites over two years.
Therefore departures from the regression line could be due to seve-
ral factors, including differences between sites, seasonal changes in
the density and growth of invertebrates in the benthos, and seasonal
changes in the ralio of day to night.
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Fic. 5. An example of the relationship between invertebrate drift and the
volume of water flowing through a drift sampler. Data from Walla Brook,
Dartmoor (see ErLriort 1967a).

Ordinate : total number of invertebrates taken in a surface net over 24hr.
Abscissa : total volume of water sampled by the net (m2 per 24hr)., A
regression line is drawn on the figure.

Il is imporlant lo dislinguish between « drift densily » (the num-
ber of invertebrates per unit volume of water) and « drift rate »
(the number of invertebrates passing a sampling point in unit time).
Both drift density and drift rate usually increase al night, and the
daily drifl rate for the whole cross-section of a stream is given by :

N =YV [T.D, + (24 — TF) D,]

where N = lotal number of invertebrates drifling through the

whole cross-secltion (across width of stream) in 24hr, V = mean
discharge in m® per hour, T = length of nightl in hours, D, = mean
drift densily al night (numbers per m*), D, = mean drift density

in the day.

T, D, and D, may be relalively constanl for a short period of
time, such as a week. Under such condilions, N is directly propor-
tional to V, and drift rate will increase with an increase in lotal
discharge whilst drift density remains relatively constant. As T
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varies throughout the year, it is possible for N {o vary without any
change in V, D, and D.,.

The mean drift densily in the day (D,) is usually very low, and
a close approximation of N is given by ihe product V.T.D;. Drift
density is usually high at night, and the magnitude of D, depends
upon a complex of factors, including lhe density of inverlebrates
in the benthos |[WaTERs 1961. MULLER 1954, ELLioTT 1967 a,
DiMonp 1967, PrarRsoN & FRANKLIN 1968, the stage in the life
history of cach species |WaTirs 1966, MiUrLLer 1966, ErLriorrt
1967 b, 1968 a, ANDERSON 1967], the aclivity and behaviour of the
invertebrates [CHASTON 1968, ELLiorT 1968 h|, the water velocity
to which the inveriebrates are exposed, and compelition between
invertebrates for food and space |discussed in ErrLiorr 1967 a, b,
Bisnor & Hynes 1969 .

Although it is usually true that drift rate decreases with a
decrease in total discharge, there may be an increase in drift rate
when stream discharge is reduced to very low levels [ELLIOTT
1967 a, MINSHALL & WINGER 1968, WATERs 1969]. This increased
drifting is probably an escape mechanism from streams that are
drying up.

3.2. The sampling efficiency of a drift sampler.

All the samplers described in section 2 have a net, filter or sieve
which may clog. The problem of clogging and backflow may be
solved by the design of the sampler (Figs. 1B, 1C, 2B, 3A, 3B, 3C, 4),
but the efficiency of most samplers will also depend upon the filira-
tion area and mesh size of the collecting net.

Waters [1969] compared different versions of his sampler
(Fig. 1A) and found that backwash could be eliminated by varying
mesh size, size of net mouth, length and shape of nel, and sampling
interval. One net (mouth width 15 cm, length 200 cm, mesh
aperture 0.5 mm) was used for 24hr withoul backwash, except
under the most extreme conditions of debris. A cylindrical net was
less liable to clog than a tapered nel. BisHor & HyNks [1969] used
fixed nets (mouth 30 by 30 cm, length 200 ¢m, mesh aperture 0.167
by 0.56 mm) which were sufficiently long to ensure that the stan-
ding wave caused by the resistance lo flow was always more than
65 cm from the net mouth, even at the end of a 3hr sampling
period. CusHING [1964] observed the flow of methylene blue dye
through his sampler (Fig. 1C), and noles that the net (mesh aper-
ture 1 mm) sampled close to maximum efficiency.

The flow-meter in the rear of the modified plankton sampler
(Fig. 2B, C) was used to measure the cfficiency of the net (mouth
diameter 15 cm, length 68.5 cm, mesh aperture 0.44 mm)., When
the water velocity at the mouth of the sampler was less than
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0.5 m/sec, the volume of water passing through the net did not
decrease significantly over 12hr. Sampling efficiency started to
decrease after 12hr at 0.6 m/sec, 10hr at 0.7 m/sec, 6 hr at 0.8 m/
sec, 3 hr at 0.9 m /sec, and 2hr at 1 m/scc. These experiments
were made in a Dartmoor stream [see ELLiorT 1967 a, b] which
becomes very turbid at higher water velocities (> c¢. 0.7 m/sec). To
test the sampling efficiency of a surface net (Fig. 1D) in the same
stream, the whole net (effective mouth 48 by 7 cm, length 100 cm,
mesh aperture 0.44 mm) was enclosed in a polyethylene tube and
a flow-meter was placed behind the net at the outlet of the tube.
The sampling efficiency did not decrease significantly over 24 hr
when the water velocity at the net mouih was less than 0.6 m/sec.
Sampling efficiency did decrease after 18hr at 0.7 m/sec, 8 hr at
0.8 m/sec, 4hr at 0.9 m/sec, and 3hr at 1 m/sec. These experiments
were repeated in a small stony stream in the English Lake District
and the surface net sampled close to maximum efficiency over 24hr
at all velocities up to 0.8 m/sec, except in autumn when large
numbers of deciduous leaves rapidly clogged the net.

Most workers have used a mesh aperture close to 0.5 mm, e.g.
MOLLER [1966], ErLiorr [1967 a, b], WaATERs [1969], BisHor &
HyNEs [1969]. A few workers have used smaller mesh apertures
of 0.333 mm [AnbpErsoN 1967], 0.263 mm [MINSHALL & WINGER
1968, 0.145 mm |ULFSTRAND 1968]. The mesh aperture should
be as large as possible to prevent clogging, and should still
retain small invertebrates. This is easily tested empirically by
placing a fine plankton net (mesh aperture 0.06 mm) bechind the
drift net. I used this method to test the efficiency of a surface
net and found that the mesh aperture of 0.44 mm retained small
invertebrates, chiefly insects and Gammarus pulex L.

There are few reports on the performance and sampling efficiency
of drift samplers. The tests described in this section give some
indication of the sampling efficiency of a few drift samplers.
They also serve as a guide to methods of testing the sampling
efficiency. Both the performance and sampling efficiency of a drift
sampler will vary with local strcam conditions, and should be
thoroughly tested bhefore the start of regular drift sampling.

3.3. The study of the diel periodicity in invertebrate drift.

A « diel periodicity » is defined as the recurrent temporal pat-
tern of an activity with a 24-hr period. Many workers have inves-
tigaled the diel periodicity in the downstream drifting of aquatic
invertebrates [see references in WATERs 1969]. The drifting of
most species exhibits a nocturnal periodicity (i.e. drifting occurs
chiefly at night), but there are a few exceptions, e.g. the diurnal
periodicity shown by some species of Hydracarina and Trichoptera.
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Fic. 6. The diel drift pattern of nymphs of Baétis rhodani in July.

Ordinate : number of nymphs taken in a drift sample over a period of
cither 1/2hr, 1hr, 2hr, or 3hr. Abscissa : time in hours with Ohr indica-
ting midnight. The shaded portion at the top of each figure indicates
the night period. .

As the drift samples must be taken at frequent intervals of 3 hr
or less, a sampler should have a net, filter or sieve which can be
quickly changed. MiiLLER’S (Fig. 3D) sampler has the advan-
tage that the sieve is changed automatically at regular time inter-
vals.

Some workers have assumed that the diel periodicity in drifting
reflects the diel activity pattern of invertebrates in the benthos,



146 J. M. ELLIOTT (14)

i.c. peaks in the diel drift pattern indicate periods of maximum
activity in the benthos. Although this assumption may be correct
for some species, e.g. Gammarus pulex, it is supported by very
little evidence. Ertiorr [1968 b] compared the diel periodicities
in the drifting and locomotory activily of mayfly nymphs (Epheme-
roptera). Although both periodicities were nocturnal, they followed
very differenl patterns during the night. Therefore the diel activity
pattern of the nymphs in the benthos is only one of a complex of
factors which determine the nocturnal periodicity in drifting. Al
of these factors are not known, but they include the number and
spatial distribution of nymphs on the upper surface of stones at
night, and the competition between nymphs for food and space.
No other comparisons have been made between diel periodicities
in drifting and locomotory activity. More work is clearly needed
in this field.

There are definite peaks in the diel drift pattern of most species,
and the principal peaks usually occur at night (nocturnal perio-
dicity). The number and position of these peaks vary from species
to species and also vary for the same species at different times of
the yecar. Several workers have found that the nocturnal peaks occur
at different times for the same species or for closely related species,
e.g. wnrk on Baétis spp. by WATERs [1962], MULLER [1963, 1966],
ErLiorr [1967 a, 1968 b|, ELLiorT and MinsHALL [1968]|. One
possible reason for this discrepancy is that different workers
have used different sampling periods. Therefore it is important
to understand the effect of different sampling periods on the dicl
drift pattern.

This effect is illustrated in Fig. 6, which shows the diel drift
pattern of nymphs of Baétis rhodani Pictet in July [for other
examples, see ELLioTr 1969]. The drift samples were taken over
3—hr sampling periods to give 48 samples per day. There was a
definite nocturnal periodicity in drifting with a primary peak at
dusk, a secondary peak at dawn, and two minor peaks during the
night (Fig. 6, thr). The catches for adjacent sampling periods
were combined to give 24 sampling periods of 1hr each. This was
repeated to give 12 samples per day (2—hr sampling periods) and
8 samples per day (3—hr sampling periods). These larger catches
would have been obtained if the nets had been emptied at either
1hr, 2hr, or 3hr intervals. The marked effect of the longer sampling
periods is seen in Fig. 6. Only the primary peak was clearly seen
with all sampling periods, the secondary peak was just detected
with a 1-—hr sampling period, and the other nocturnal peaks had
apparently disappeared.

Therefore the use of different sampling periods can lead tlo
widely divergent conclusions. In the example, four nocturnal peaks
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were detected with a %-—hr sampling period, whereas only one
peak was detected with a 3-—hr period. Therefore differences
between drift patterns must be interpreted with caution, and the
shortest possible sampling period should be used in detailed studies
of the diel periodicity in invertebrate drift.

3.4. Statistical aspects of sampling invertebrate drift.

The following statistical problems will be considered :
1. Temporal and spatial variations in drift rate.
2. Estimation of fotal numbers drifting downstream.

These problems are related and require similar statistical models.

3.4.1. Temporal variations in drift rate.

Although the drift rate of most species varies considerably over
21hr, the catch for the same period of time on each day may show
little variation over a few days. For example, the maximum catch
per thr sampling period is 82 in Fig. 6. The following catches
were obtained for the same sampling period (2130 to 2200hr) over
5 days :

82, 78, 86, 76, 88.

If the variation between these samples was due to random causes,
the 5 samples should follow the well-known Poisson series (see
Chapter 3.2.2. in ErLvLiorr 1970). Therefore the 5 samples were
tested for randomness by the x2 test for agreement with a Poisson
series :

(n—1) s

xr

where n = number of samples = 5, x = arithmetic mean of sample,
s? = sample variance.
Iz s (@ —x)* S (x) —x N
r= — 82 = =

n n—1 n—1

where x is the number in each sample.
For the present example : .

_ 410 33724 — 82(410)
r= —— = 82 sz = = 26
5 5—1
4(26)

82
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This x? value is referred to a table of the percentage points of the
x2 distribution [e.g. PEARsoN & HARTLEY 1966, Table 8}. Agree-
ment with a Poisson series is accepted at the 95 % probability level
(P > 0.05) if the x? value lies between the appropriate 5 % signi-
ficance levels for v degrees of freedom (v = n—1). Table I gives
the 5 % points for 3 to 10 degrees of freedom. As the x? value
of 1.27 lies well within the 5 % significance levels (0.48 and
11.14 for 4 degrees of freedom), agrcement with a Poisson series
is accepted (P > 0.05). Therefore the variation in drift rate within
the same %hr period over 5 days was probably due to random

causes. The arithmetic mean of the 5 samples (x = 82) is the best
estimate of drift rate for the particular sampling period.

TaBLE I. 5 9 significance levels for x2 test for agreement with a Poisson
series. Agreement is accepted (P > 0.05) if x2 value lies between lower
and upper levels. Agreement is rejected (P < 0.05) if x2 value is less than

lower level or greater than upper level. v —number of degrees of

freedom = n-1
v lower level upper level
3 0.22 9.35
4 0.48 11.14
5 0.83 12.83
6 1.24 14.45
7 1.69 16.01
8 2.18 17.53
9 2.70 - 19.02
10 3.25 20.48

The same test was applied to the 5 samples for each 2hr sampling
period, and 48 means were thus obtained [ELLiorT 1969]. As each
mean was the arithmetic mean of 5 samples from a Poisson series,
the standard test for a comparison of Poisson variables [see
Chapter 7.1.2. in ELLiorr 1970] can be used to compare the drift
rate at different times of the day. The x2 test can also be applied
to total catches for the night, day, or 24hr; when samples are
taken over several days. When agrcement with a Poisson series
is accepted, means can be compared and tested for signicant diffe-
rences. These comparisons can be cxtended to mean values for
different months. If a significantly high value of x2? is obtained,
then agreement with a Poisson series is rejected and a significant
change in drift rate must have occurred. This change invalidates
comparisons hetween means with a Poisson series as the statistical
model.

3.4.2. Spatial variations in /'rift rate.

If drifting invertebrates are randomly distributed in the water
column and water velocity is fairly constant, then catches at diffe-
rent depths and at different points across the stream should follow
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a Poisson series. Unfortunately, water velocity usually varies with
depth and a cross the width of the stream. This variation may signi-
ficantly affect drift rate (catch per unit time), but will not affect
drift density (catch per unit volume) when the drifting inverte-
brates are randomly distributed in the water.

Spatial variations in the drift rate of nymphs of Baetis rhodani
were investigated in the Wilfin Beck, a small stony stream in the
English Lake District. Both the sampling and statistical methods
are now illustrated by examples. o

In the study of the vertical distribution of drift rates, samples
were taken at different depths by stacking five drift nets in the
middle of the stream. As the water depth was 25 ¢cm and the mouth
of each net as 30 cm wide and 5 c¢cm deep, all strata were sampled
simultaneously from stream bottom to surface (each stratum was
5 cm deep). The following catches of B. rhodani were obtained
during one night (sampling period = 8hr). o

Water depth

(em from surface) 0-5 5-1010-15 15-20 20-25
Numbers per net 128 132 114 103 98
Water velocity at net mouth

(cm per sec) 68 65 61 56 48

Water velocity decreased with depth and the drift rate was
highest in the upper strata. The 5 samples were tested for ran-
domness by the x® test for agreement with a Poisson series.

=115, 52 =223, n= 5, v =4

4(223)
X =

115

As this value lies within the 5 % significance levels for 4 degrees
of frcedom (Table I), agreement with a Poisson series is accepted
(P > 0.05). Therefore there was no significant departure from a
random distribution of drifting nymphs at different depths, in spite
of the decrease in drift rate with depth.

In the study of the horizontal distribution of drift rates, samples
were taken at night in seven nets which were evenly-spaced across
the stream. Although water depth varied across the stream, each net
sampled the whole column of water (width 12 e¢m) from strcam
bottom to surface. The night catches in the first experiment are
given in Table II, together with physical data. There was a
close relationship between the size of a catch and the volume of
water sampled by a net (see also 3.1). The 7 samples were tested
for randomness by the x? test for agrecment with a Poisson series.
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r=06414, s2=13181, n=7, =25

6(131.81)
xX= — =1233
64.14

As this value lies within the 5 % significance levels for 6 degrees
of freedom (Table I), agreement with a Poisson series is accepted
(P > 0.05). Therefore there was no significant departure from a
random distribution of drifting nymphs at different points across
the stream, in spite of the variations in the volume of water
sampled by each net.

TasLe II. Numbers of Baétis rhodani taken in seven nets at night (sampling
period was 8hr in experiment 1 and 6hr in experiment 2). Readings
of water depth, mean water velocity at net mouth, and volume of water
sampled during the night are given for each net. In experiment 2, the
expected catches are given for the x2 test for goodness-of-fit.

Experiment 1

Net number 1 2 3 4 5 6 7
‘Water depth (cm) 18 20 20 19 23 22 20
Water velocity (cm/sec) 44 45 44 48 51 51 43
Volume sampled (m3/night) 274 311 304 315 405 388 297
Number per net 52 61 59 63 86 72 56
Experiment 2

Net number 1 2 3 4 5 6 7
Water depth (cm) 9 10 9 9 10 10 10
Water velocity (cm/sec) 16 18 30 19 22 42 34
Volume sampled (m3/night) 37 47 70 44 57 109 88
Number per net 13 18 26 15 21 43 32
(observed catch)

Expected catch 13.76 17.47 26.02 16.35 21.19 40.51 32.71

The night catches in the second experiment (Table II) were also
tested for randomness by the x? test.

Tr=24.00, s2=11267, n=7, v=26
6(112.67)
24

X = 98.17

As this valuce is grealer than the upper significance level for
6 degrees of freedom (Table I), agreement with a Poisson series
is rejected (P < 0.05). Therefore there was a significant variation
in drift rate at different points across the stream.

Drift rate (numbers drifting per unit time) often varies signifi-
cantly with depth or across the stream (x* > upper level in
Table I). An obvious reason for this variation is that the drift rate
reflects the volume of water sampled by a net. If this hypothesis
is correct, then the catches in a series of nets should be proportio-
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nal to the volumes of water sampled by the nets. In experiment
2. 168 nymphs were caught in 7 nets which filtered 452 m?® of
water. If the catches in the 7 nels were in the same proportions
as the waler volumes passing through them, then the cxpected
calch for net 1 = (37) 168/452 = 13.75. Expected catches were cal-
culated for each nel and are compared 'with observed catches in
Tables II. Agreement between Lhe two sets of catches is tested by
the x2 iest for goodness-of-fit :

(observed catch — expected catch)?
X' =3

expected catch
(13 —13.75)z ' (32 — 32.71)®

13.75 32.71
= 0.34

This x2 value is referred to a table of the percentage points of the
x? distribution. Agreement between observed and expected catches
is accepted (P > 0.05) if the x? value is less than the appropriate
5 % point for v degrees of freedom (v = n-—1). Table III gives
the 5 % points for 1 to 10 degrees of freedom. As the x* value of
0.34 is well below the 5 % point (12.59 for 6 degrees of freedom),
there is good agreement between the observed and expected catches.
Therefore we accept the hypothesis that the catches in the 7 nels
were proportional to the volumes of water sampled by the nets.
This resull agrees with the hypothesis that the size of the catch
increases as the volume of water flowing through a drift sampler
increases (see 3.1). When drift rate is found to be proportional to
the volume of waler sampled by a net, it can be assumed that
drift density (numbers drifting per unit volume of water) is fairly
constant. Variations in drift density are then assumed to be due to
random causes, and drift density is treated as a Poisson variable.

TaBrLE III. 5 9 significance levels for x2 test for goodness-of-fit. Agreement
between observed and expected catches is accepted (P > 0.05) if x2 value
is less than stated value, and is rejected (P < 0.05) if x2 value is greater
than stated value. v —number of degrees of freedom = n-1

<

significance point

3.84
5.99
7.82
9.49
11.07
12.59
14.07
15.51
16.91
18.31

DWW O N =

[



152 J. M. ELLIOTT (20)

This assumption can be checked by comparing drift density over
several days. If the drifting invertebrates are randomly distri-
buted in the water and a constant water volume is sampled on
each day, then the drift density should follow a Poisson series. In
experiment 2, the 7 netls were left sampling for a further 4 nights
and filtered 452 m3 of water on each night. The catches for the
5 nights were 168, 150, 179, 172, 166. These catches 'were tested for
randomness by the x* test for agreement with a Poisson series :

x =167, s2=115, n =5, v =
4 (115)

2

= 2.75

X
167

As this x? value lies within the 5 % significance levels for
4 degrces of freedom (Table I), agreement with a Poisson series
is accepted (P > 0.05). Therefore the variation in drift density
(numbers/452 m3) was probably due to random causes and drift
density can bhe treated as a Poisson variable.

3.4.3. Estimation of lotal numbers drifting downstream.

It is important to estimate total drift for the whole cross-section
width of a stream so that comparisons can be made between
streams, estimates of total drift food for fish can be made, and
the effect of drift on benthic populations can be assessed. A good
standard measure of total drift is the total numbers drifting down-
stream per day divided by the total discharge, to give the daily drift
rate per unit discharge. As it is rarely possible to catch all the
invertebrates drifting though the entire width of a stream, the total
drift has to be estimated from drift samples. Therefore we
require an estimate of total drift together 'with some indication of
the precision of this estimate.

WaTers [1969] describes a simple method of estimating total
drift. The distribution of drift rate across an entire width transect
is first found by placing fixed nets (Fig. 1A) across the entire
width of a stream. The ratio between the catch in the sample
net and the total drift is next found, and it is assumed that this
ratio remains constant at least for the experimental period. The
sample net is then used to estimate total drift, which is the product
of the above ratio and the catch in the sample net. It is difficult to
determine the precision of this estimate and the method assumes
that there is a constant ratio of total drift to the catch in the
sample net. This assumption must be frequently checked, and this
is a laborious procedure, especially in wide streams or rivers.
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The following methods of estimating total drift require some
knowledge of the spatial variations in drift rate. Therefore it is
important to understand the statistical methods described in 3.4.1.
and 3.4.2. The precision of each estimale is best expressed as
95 % confidence limits Confidence limits are usually calculated
by multiplying the standard error of the mean by an appropriate
value from a table of Student’s t-distribution [e.g. PEArRsoN &
HARTLEY 1966, Table 12]. This method results from the central limit
theorem and is applicable to small samples (n < 30) from a
Poisson series when to the product nx is greater than 30, but not to
small samples from other non-normal populations [see Chapter 6
in ELLiort 1970].

Total drift is estimated from mean drift rate when agreement
with a Poisson series is accepted for calches at different points
across the stream. For example, agreement with a Poisson series
was accepted for the night calches in experiment 1 (Table II).
Therefore the arithmetic mean of the 7 catches (mean drift rate)
was used to estimate total drift. The arithmetic mean and its
95 % confidence limits are given by :

;I‘it\/%

where the appropriate value of t is found in published tables of
Student’s t-distribution.

t = 245 forv = n — 1 = 6 degrees of freedom.

7

S

= 64.14 + 7.42

This was the besl estimale of drift rate for a section 12 em wide
(width of each nel). As the total width of the stream was 204 cm,
an estimate of total drift in a night was given by :

_ 204
() —— = (64.14)17 = 1090.38
12

95 % confidence limils for this estimale were given by :

= 204 _ _
W] o= (14217 = 12614
Fal 1

Therefore the total number of nymphs drifting downstream was
probably (P = 0.95) between 964 and 1216 in a night, and the
best estimate of total drift was 1090 = 126.
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Total drift is estimated from drift density when agreement with
a Poisson series is rejected for catches at different points across
the stream, but the catches in a series of nets are proportional o
the volumes of water sampled by the nets. Drift density is assu-
med to be a Poisson variable, bul this assumption can be checked
(see 3.4.2). 65 % confidence limils for Poisson variables are given
in published tables [c.g. CRow & GARDNER 1959, Documenta Geigy
1962, PearsoNn & HaRTLEY 1966], or arc approximated by
r— 2y xtox + 2y x when x is a Poisson variable > 30. As
confidence limits for a Poisson variable deerease with the size of
the count, the largest available count should bhe used to estimate
total drift.

For example, the night calches in experiment 2 varied signifi-
cantly across the stream, but the catches were proportional to
the water volumes sampled by the nets. Therefore drift density
was treated as a Poisson variable. The total catch of 168 for
the 7 nets was the largest available count, and provided an esti-
mate of total numbers per 452 m?* of water. 95 % confidence limits
for this estimate are 144 to 194 from tables [from CRow & GARD-

NER 1959], or approximately x — 2\/;‘[0 T + 2\/x_=142 to 194 or
168 = 26. As total stream discharge for the night was 1088 ms,
an estimate of total drift in a night was given by :

1088
(168) —— = 104
452
95 % confidence limits for this eslimale were :
1088 (1088)
(144) to 194 = 347 to 467
452 152

or 404 = 63 for approximate limils,

Therefore the total number of nymphs drifting downstream was
probably (P = 0.95) between 347 and 467 in a night, and an esti-
mate of total drift was 404 = 63 (with approximate confidence
limits).

Total drift can usually be estimated from either drift rate or
drift density, using the above methods. Although these methods
are suitable for most samples, they cannot be applied to drift
samples with very variable calches (x2 > upper 5 % level in
Table I) which are not proportional to water volume passing
through the drift sampler. The arithmetic mean of these samples
may bhe biased by extreme values, and a transformation of the
data is necessary before confidence limits can be calculated. A
description of these more complex statistical methods cannot be
included here, but the methods are described in detail by ELLioTT
[1970, Chapter 6.2.4].
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SUMMARY

The first part of the paper reviews and criticises drift samplers.
The samplers are divided into three broad categories :

1. Samplers without flow-meters (Fig. 1).
2. Samplers with flow-meters (Fig. 2).

3. Tube samplers (Fig. 3) and other more complex samplers.

The second part of the paper considers some problems associated
with drift sampling.

As the volume of water flowing through a drift sampler increases,
the size of the catch increases. The average relationship between the
two variables can be expressed by a regression line (e.g. Fig. 5).
A (distinction is made between drift rate (the number of invertebrates
passing a sampling point in unit time) and drift density (the number
of invertebrates per unit volume of water). The relationship between
drift rate and drift density is discussed. A summary is given of all the
factors which affect drift density.

The sampling efficiency of drift samplers is discussed, and the
results of efficiency tests are described. As the performance and
sampling efficiency of a drift sampler vary with local stream conditions,
they must be thoroughly tested before the start of regular drift sampling.

The study of the diel periodicity in invertebrate drift is discussed.
The diel drift pattern greatly varies when different sampling periods
are used (Fig. 6).

The following statistical problems are discussed :

1. Temporal and spatial variations in drift rate and drift density,
using Poisson series as a statistical model.

2. The estimation of total numbers drifting downstream. Total
drift is estimated from drift rate when agreement with a Poisson series
is accepted for samples across the stream. Total drift is estimated
from drift density when agreement with a Poisson scries is rejected,
and the catches in a series of nets are proportional to the volumes of
water sampled by the nets.

LES METHODES D’'ETUDE DE LA DERIVE DES INVERTEBRES
DANS LES COURS D’EAU

La premiére partie de cet article concerne la critique des piéges 4
dérive. Trois catégories sont distinguées :

1. Les piéges sans débitmétre (fig. 1),

2. Les piéges avec débitmeétre (fig. 2),

3. Les tubes avec évacuation d’eau (fig. 3) et autres piéges plus
complexes.

Lla deuxiéme partie concerne les divers problémes associés a I’étude
de la dérive des invertébrés.

L’échantillon est d’autant plus important que le volume d’cau s’écou-
lant au travers du piége est plus élevé. Le rapport moven entre ces
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deux variables est exprimé par une ligne de régression (par exemple
fig. 5). 11 importe de distinguer le taux de dérive (nombre d’invertébrés
passant en un point de repére par unité de temps) et la densité de
dérive (nombre d’'invertébrés par unité de volume d’eau). Les rapports
entre le taux et la densité de dérive sont discutés. Les facteurs influen-
cant la densité de dérive sont résumeés,

L'efficacité des piéges a dérive est discutée a la lumiére des résultats
obtenus par les auteurs. Le fonctionnement des piéges variant avec les
conditions de chaque cours d’eau, leur efficacité doit étre testée avant
I’échantillonnage des invertébrés en dérive.

L’étude du rythme nycthéméral de la dérive des invertébrés est
discutée. La forme des histogrammes est grandement influencée par
la fréquence de I'échantillonnage (fig. 6).

Les problémes statistiques suivants sont discutés :

1. Les variations dans le temps et dans 'espace de la dérive (taux
et densité) en utilisant la série de Poisson comme modéle,

2, L’estimation des nombres totaux de dérive. La dérive totale est
évaluée a partir du taux de dérive quand D’échantillonnage s’accorde
avec la série de Poisson. La dérive totale est évaluée a partir de la
densité de la dérive quand 1’échantillonnage ne s’accorde pas avec la
série de Poisson et est proportionnel au volume d’eau traversant les
filets.

METHODEN DER SAMMLUNG VON INVERTEBRATENDRIFT
IN FLIESSGEWASSERN

Im ersten Teil der Arbeit werden Driftsammler aufgefithrt und
kritisch betrachtet. Die Sammler sind in drei Grundkategorien einge-
teilt :

1. Sammiler ohne Strommesser (Abb. 1).
2. Sammler mit Strommesser (Abb, 2).
3. Rohrsammmler (Abb. 3) und andere Komplexere Sammler.

Im zweiten Teil der Arbeit werden einige Probleme in Zusammenhang
mit dem Driftsammeln behandelt.

Wenn die Wassermenge, die durch einen Driftsammler fliesst,
wiichst, nimmt auch die Grosse des Fanges zu. Das durchschnittliche
Verhiiltnis der beiden Variabeln kann durch eine Riickkehrlinie aus-
gedriickt werden (z, B, Abb. 5). Man unterscheidet zwischen Verhiltnis
der Drift (Die Zahl der Invertebraten, die einen Sammlerpunkt in einer
Zeiteinheit passieren) und Dichte der Drift (die Zahl der Invertebraten
pro Wassermengeneinheit). Die Relation zwischen Verhiltnis der Drift
und Dichte der Drift wird besprochen. Es folgt eine zusammenfas-
sung aller Faktoren, die die Dichte der Drift beeinflussen .

Die Effizienz der Driftsammler wird besprochen, und die Ergebnisse
der Effizienztests werden beschrieben. Da die Arbeit und Effizienz
der Driftsammler sich mit dem Hrtlichen Wasserzustand &ndern, miissen
sie vor dem Beginn des regelmiissigen Driftsammelns griindlich gepriift
werden,
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Die Untersuchung der Dielperiodizitit der Invertebratendrift wird
besprochen. Das Schema der Dieldrift variiert erheblich, wenn vers-
chiedene Sammelnperioden gewihlt werden (Abb. 6).

Die folgenden statistischen Probleme werden besprochen :

1. Zeitliche und ridumliche Verteilung in Verhiltnis der Drift und
Dichte der Drift, unter Anwendung einer Poisson Serie als statistisches
Muster.

2. Schitzung der Gesamtzahl von Driften Stromabwirts. Die Gesamt-
drift wird von Verhiltnis der Drift berechnet, wenn Ubereinstimmung
mit einer Poisson Serie angenommen wird fiir Samples quer iiber das
Gewisser. Die Gesamtdrift wird von der Dichte der Drift berechnet,
wenn Ubereinstimmung mit einer Poisson Serie nicht angenommen
wird, und der Fang in einer Feihe von Netzen proportional der Wasser-
mengen ist, die von den Netzen als Samples genommen wurden.
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