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Vertical distribution of invertebrate drift in a large river1 

Abstract-Invertebrate drift in large rivers 
has often been sampled at only one depth, un- 
der the assumption that drift density is equal 
throughout the water column. A new sampling 
apparatus showed that the vertical distribution 
of drift density for the baetid mayflies Pseu- 
docloeon and Buetis and for the caddisflies 
Hydropsyche and Cheumutopsyche was not 
uniform. 

Invertebrate drift, or downstream 
transport (Waters 1972), is a natural event 
in the lives of many members of the 
stream benthos. The study of inverte- 
brate drift and its role in the production 
cycle of running water, however, has 
been limited for the most part to small 
streams because established sampling 
techniques are not suitable for depths 
over 0.5 m. Several workers have used 
floating nets or modified plankton sam- 
plers anchored to the substrate or sus- 
pended in midwater (Elliott 1967; Ulf- 
strand 1968). Pearson and Kramer (1969) 
developed a waterwheel-driven sampler 
and suggested it for large rivers. Each of 
these methods samples a single stratum 
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of water, and it is assumed that drift den- 
sity-the number of organisms caught 
per unit volume of water sampled-is 
evenly distributed for all taxa throughout 
the water column. We have re-evaluated 
this hypothesis through the design and 
use of a new sampling apparatus which 
permits multilevel sampling in water ex- 
ceeding 0.5 m. 

Our work was done on the Mississippi 
River near Monticello, Wright County, 
Minnesota, from July 1973 through July 
1974. At two sampling sites, at the end of 
short riffles where the substrate was pri- 
marily gravel and rubble and within lo- 
20 m of the bank, the apparatus was set 
at depths ranging from 0.44 to 1.29 m. 
The current velocity ranged from 0.2 to 
1.5 m *s-l and the daily river discharge 
from 48 to 345 m3. s-l over the sampling 
periods. 

Drift sampling nets, 15 x 15 x 145 cm, 
were made of 452-mesh Nitex (openings 
about 452 pm) secured to a brass-rod 
frame like that of Waters (1962) (Fig. lA, 
B). Pieces of steel conduit, 15 cm long, 
were brazed to the sides of the brass 
frame to act as points of attachment to 
what we called a “net-stack frame” (Fig. 
lC), made of 2.5-cm-square iron tubing. 
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Fig. 1. A, B-Brass rod drift net frame with steel conduit attachment tubes; C-net-stack frame with 
center rods to receive conduit tubes of net frames. (Numbers = centimeters.) 

Two 1.3-cm-diameter steel rods anchored 
to the base of the net-stack frame re- 
ceived the conduit tubes of the brass net 
frames which could then be placed in a 
vertical stack. Additional 15-cm lengths 
of conduit separated one net in a stack 
from another. The top of the net-stack 
frame was secured with wingnuts thread- 
ed onto the rods. 

The net-stack frame with its stack of 
nets was held in the stream by a “river 
frame” (Fig. 2), also made of 2.5-cm- 
square iron tubing. Flat iron plates weld- 
ed to the face of the frame form a channel 
into which the net-stack frame could be 
lowered and held in place facing into the 
river flow (Fig. 2). 

The river frame was anchored to the 
river bottom with MO-cm lengths of iron 
reinforcing rod driven into the substrate 

before each sampling period. A net-stack 
frame with its vertical stack of nets was 
lowered into the fixed river frame from 
an anchored boat and left in position. The 
number of nets used depended on the 
depth; the bottom net was always set just 
above the substrate and the top net at or 
just below the water surface. After 4 h the 
net-stack frame was removed from the 
river frame and replaced by a clean stack 
of nets. The sample nets could easily be 
removed from the net-stack frame to pro- 
cess the accumulated material. In this 
way the entire water column was sam- 
pled, and the organisms collected in the 
stack of nets represented the vertical dis- 
tribution of drift. 

Current velocity was measured at the 
mouth of each net with a Gurley model 
625 pygmy current meter at the begin- 
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Fig. 2. Alignment of net-stack frame 
nels at anterior face of fixed river frame. 

and chan- 

ning and end of each sampling. During 
high flow, current velocity was measured 
with a Price AA current meter. The vol- 
ume of water filtered by each net during 
a given period was calculated as the 
product of the average water velocity at 
the net mouth, the cross-sectional area of 
the net mouth, and the duration of sam- 
pling. At the end of each 24-h sampling 
period the entire apparatus was removed 
from the stream. 

The material from each net was sub- 
sampled before sorting, identification, 
and counting. The total number of organ- 
isms in the original sample was estimated 
from these subsamples. 

The mayflies Pseudocloeon and Baetis 
and the caddisflies Hydropsyche and 
Cheumatopsyche were predominant 
members of the benthos in the study 
area. The two closely related genera in 
each order were combined for this study. 

If the drift density is equal throughout 
the water column, the number of organ- 
isms captured in a net should be directly 
proportional to the volume of water sam- 
pled by that net. In a vertical stack of nets 
the expected number of organisms in any 
one net should be equal to the total num- 
ber of organisms in all of the nets times 
the proportion of the total volume of 
water sampled by the designated net. In 
this way the total number of organisms is 
distributed over the vertical stack of nets 
as though the density of organisms were 
equal throughout the water column, The 
calculated expected values can be com- 
pared with the observed number of or- 
ganisms actually captured in each net by 
using the x2 goodness-of-fit test where 

(observed value - 

x2 = 2 
expected value)2 
expected value ’ 

Although the values used in the x2 statis- 
tic represent the number of organisms 
captured, the expected values have been 
calculated under the null hypothesis to 
reflect an even vertical distribution of 
drift density, so that a significant x2 value 
indicates an uneven vertical distribution 
of drift density. 

This analysis was applied separately to 
the daytime and nighttime drift data for 
the Pseudocloeon-Baetis group and the 
Hydropsyche-Cheumatopsyche group, 
since both showed nocturnal peaks in 
abundance. Data from periods of low 
abundance of organisms were not used 
because the sample size was not large 
enough to provide sensitive tests of dif- 
ferences between strata. The test results 
are summarized in Tables 1 and 2. The 
position of the nets having the catch most 
deviant from the expected value, and 
thus making the greatest contribution to 
the x2 value, is also shown. The net hav- 
ing the catch with the largest positive de- 
viation from the expected value will be 
referred to as showing the greatest over- 
abundance, the net having the catch with 
the largest negative deviation as showing 
the greatest underabundance. 

Thirteen of fifteen vertical distribution 
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Table 1. Results of x2 goodness-of-fit analyses 
for vertical distribution of daytime and nighttime 
drift for Pseudocloeon-Buetis group. NS-Lack of 
significant difference at 0.05 level. Position of nets 
having greatest under- and overabundance of or- 
ganisms, based on expected value, is shown in the 
columns (T-top net; To-top net in a stack of two; 
M-middle net; Mu-upper middle net in a stack 
of four; Ml-lower middle net in a stack of four; B- 
bottom net, B-bottom net in a stack of two). 

Site 1 Site 2 

Test Test 
Period result Under Over result Under Over 

Daytime drift 

1973 
27-28 Jul * B M * B M 
13-14 Aug * B T * B Ml 
28-29 Aug * T B * T B 
11-12 Sep NS NS 
28-29 Sep * To Bo NS 

1974 
21-22 Jun t T 
12-13 Jul ST;*:B 
23-24 Jul * B T * B T 

Nighttime drift 

1973 
27-28 Jul * B T * B T 
13-14 Aug * B Mu * B T 
28-29 Aug * B M * B T 
11-12 Sep NS B M 
28-29 Sep $ T B ;S 

1974 
21-22 Jun * - - B M 
12-13 Jul T B T * M T 
23-24 Jul * B T * B T 

* P < 0.001. 
t P < 0.01. 
* P < 0.05. 

analyses of nighttime drift for the Pseu- 
docloeon-Baetis group were significantly 
different from that expected, the top net 
showing the greatest overabundance of 
organisms eight times and the middle net 
four times. The bottom net was the most 
overabundant only once, and the most 
underabundant 11 times. The density of 
nighttime drift in the top net averaged 
more than twice the density in the bot- 
tom net. Twelve of fifteen analyses of 
daytime drift were significantly different 
from expectation, the top net showing the 
greatest overabundance four times, the 
middle net five times, and the bottom net 
three times. 

Table 2. As Table 1, but for Hydropsyche-cheu- 
mutopsyche group. 

Site 1 Site 2 

Test Test 
Period result Under Over result Under Over 

Daytime drift 

1973 
27-28 Jul * TM*TB 
13-14 Aug T Ml NS 
28-29 Aug :TB*TB 
11-12 Sep * M B * T B 
28-29 Sep * To Bo $ To Bo 

9-10 Nov * TM*TB 
30 Nov-1 Dee NS NS 

1974 
26-27 Feb - - - * To Bo 
14-15 Mar - - - NS 
31 May-l Jun * T B T M 
21-22 Jun ; BM 
12-13 Jul Y 7 ; * T M 
23-24 Jul * TM*TB 

Nighttime drift 

1973 
27-28 Jul * T B NS 
13-14 Aug * T Ml * Mu Ml 
28-29 Aug * TM*TB 
11-12 Sep * TB*TM 
28-29 Sep * T B NS 

9-10 Nov NS * T B 
30 Nov-1 Dee t M B NS 

1974 
26-27 Feb - - - * T B 
14-15 Mar - - - * T M 
31 May-l Jun * B M * T B 
21-22 Jun $ M B 
12-13 Jul yTM*TB 
23-24 Jul * T B * T B 

* P < 0.001. 
; ; 2 p:. 

. . 

Nineteen of twenty-three vertical dis- 
tribution analyses of nighttime drift for 
the Hydropsyche-Cheumatopsyche group 
were significantly different from that ex- 
pected, the bottom net showing the great- 
est overabundance of organisms 12 times 
and the middle net seven times. The top 
net was never the most overabundant but 
showed the greatest underabundance 15 
times. The density of nighttime drift in 
the bottom net averaged about twice that 
of the top net. 

Nineteen of twenty-three analyses of 
daytime drift were significantly different 
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from expectation, the bottom net showing 
the greatest overabundance of organisms 
12 times and the middle net seven times. 
The top net was never the most over- 
abundant but was the most underabun- 
dant 17 times. 

Drift density was seldom equal 
throughout the water column for the taxa 
examined. Pseudocloeon and Baetis gen- 
erally exhibited overaccumulation in the 
upper nets during the night, with no con- 
sistent pattern during the day. The Hy- 
dropsyche-Cheumatopsyche group was 
strongly over-represented in the lower 
nets during both day and night. 

Larimore (1972) noted periodic con- 
centrations of drift organisms near the 
surface during the hours of maximum 
drift under low flow conditions. Ulfstrand 
(1968) found an over-representation of 
exuvia drifting along the bottom and felt 
that the distribution of exuvia might be 
seen as a drift model for small passive 
objects with a specific gravity near 1. Un- 
der this hypothesis an even distribution 
of organisms might indicate some activity 
by the organisms, influencing their posi- 
tion in the water column. One might ex- 
pect strong swimming organisms (e.g. 
Pseudocloeon or Baetis), which may be 
able to seek a specific position in the 
water column, to show a nonrandom ver- 
tical distribution. On the other hand, 
those organisms having little ability to in- 
fluence their orientation (e.g. Hydro- 
psyche or Cheumatopsyche) should be 
over-represented in the lower strata. Dif- 
ferences in the ability of organisms to 
move within the water column may ac- 
count for the skewed distributions of or- 
ganisms that we observed. If upward 
movement is characteristic of an organ- 
ism’s nighttime behavioral drift pattern, 
this same behavior might not be ob- 
served during the day when entry into 
the drift may be largely inadvertent. This 
may explain, in part, the lack of a consis- 

tent pattern of accumulation of Pseudo- 
cloeon and Baetis at a particular stratum 
during the day. The trichopterans, having 
little ability to influence their position 
whether in the light or the dark, showed 
a consistent distribution over the 24-h 
period. 

There may be an even vertical distri- 
bution of drift density in small, turbulent 
streams (Waters 1965), but not in larger, 
less turbulent waters. Sampling proce- 
dures and analyses must be modified to 
detect and sample nonrandom distribu- 
tions. Drift sampling in large rivers will 
remain a difficult task. Our apparatus 
proved to be efficient and of moderate 
cost but remains limited to depths of 
about 1.5 m. 

William J. Matter2 
A. J. Hopwood 

Department of Biological Sciences 
St. Cloud State University 
St. Cloud, Minnesota 56301 
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