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ABSTRACT 

As part of a study evaluating the effects of removal of woody 

streamside vegetation on trout streams, monthly drift samples were 

collected in the Little Plover River during 1972 to determine taxa, 

density, and seasonal changes in numbers of invertebrates in an up

stream meadow and two downstream ?rushy areas. Results of this drift 

investigation favorably support the proposal of brush removal as a 

technique for managing small trout streams. 

Differences in drift between the meadow and successive downstream 

brushy stations were: mean annual density of drifting organisms de

creased from 614 to 273 to 130 organisms/100 m3; drift biomass was 

highest in August and decreased downstream from 4.00 to 1.34 to 0.07 

g/100 m3 (wet weight); and the mean annual density of drifting detritus 

decreased from 34.2 to 20.4 to 13.7 g/100 m3 (dry weight). Monthly 

mean density of detritus was positively correlated with monthly mean 

density of invertebrates, with r • 0.824. 



INTRODUCTION 

A qualitative and quantitative evaluation of drifting invertebrates 

in meadow and brushy sections of the Little Plover River, Wisconsin, was 

undertaken from January through December, 1972. Drift of aquatic organ

isms refers to their downstream movement in the current. Invertebrate 

drift is one of several studies of the Little Plover River by staff of 

the Coldwater Research Group of the Wisconsin Department of Natural Re

sources and faculty and graduate students of the University of Wisconsin -

Stevens Point. Projects, in addition to drift, include trout population 

investigations, trout yield, angler exploitation and use, benthic inver

tebrates, morphometry mapping, solar radiation, water chemistry, stream 

flow, and stream temperature. 

This study was designed to test the hypothesis that drifting inver

tebrates are more abundant in meadow than brushy areas of a small trout 

stream. I determined kinds and densities of organisms in the drift, and 

compared drift between an upstream meadow area, an adjacent downstream 

brushy control zone, and a lower brushy treatment zone, before removal 

of woody streambank vegetation in the treatment zone. Woody streambank 

vegetation often destroys bank stability and reduces light penetration_, 

primary production, and a stream's carrying capacity for fish (White and 

Brynildson, 1967). A meadow section of a small stream, with grasses and 

broad-leaved annuals, often has greater bank stability, light penetration, 

instream vegetation, cover for trout, and better growth of trout. 

At present, the possible desirable or undesirable consequences of removing 

streambank vegetation remain largely speculative, hence the proposal to 

de-brush and evaluate a section of the Little Plover River (Hunt, 1971). 



2 

STUDY AREA 

The Little Plover River is a small brook trout (Salvelinus 

fontinalis) stream located in the sand plains of central Wisconsin, 

approximately eight kilometers southeast of Stevens Point (Figure 1). 

The stream originates at an elevation of about 332 meters (1090 feet) 

above mean sea level, and has a g~adient of 1.9 meters or less per kilo

meter. The stream discharges into the Wisconsin River 0.5 krn below 

Springville Pond, a small impoundment 2.25 krn below the study area. 

Most of the 19,800 hectare basin is underlain by highly permeable 

glacial outwash consisting of sandy loams, sand, and gravel (Weeks,et al,l965) 

Direct surface runoff is minor and flooding is uncommon due to relatively 

rapid infiltration. Mean discharge in 1972 at the lower end of the study 

area was approximately 0.2 cubic meters per second, with a range of 0.07 

to over 1. 4 m3 I sec (Figure 2). High discharge rates have occurred when 

heavy precipitation fell on frozen subsoil or near-saturated soil. Annual 

precipitation in 1972 was 2 centimeters above the normal average of 80.3 

em, but monthly precipitation varied considerably from long-term averages. 

May and June were somewhat drier than usual, and precipitation in August 

and September was double the average (Figure 3). Monthly mean air temper

atures in 1972 were cooler than the 1930-1959 averages (Appendix A). The 

climate, geology, and hydrology of the Little Plover basin have been 

described in greater detail by Holt (1965) and Weeks, et al (1965). 

Stream temperature is moderated by groundwater discharge, which nor

mally contributes 90 to 95% of total streamflow (Weeks, et al, 1965). --
Maximum water temperatures in the study area were 20 C in the lower 

brushy zone on June 19, and 21.3 C in the meadow zone on July 23. The 

highest monthly mean temperature was 15.3°C for July at Station 2 
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(Appendix B). Complete ice cover in the brushy areas of the stream 

was temporary (one to two weeks) in 1972, and did not occur in the 

meadow. Ice formation on the bank occurred periodically in winter 

throughout the study area. 

The study area, in the upper third of the river, consisted of a 

1.6 km section between Kennedy and Eisenhower Roads, in Sections 13 and 

24 of T23N, R8E (Figure 1). Three zones established in this area were: 

(1) A 1210 meter "meadow zone" where the stream was bordered by reed 

canary grass with scattered trees and brush. (2) A downstream adjacent 

372 meter brushy "control zone", with dense woody streambank vegetation 

(typically alders clustered on the bank and overhanging the stream) 

which was not cleared, and (3) An 800 meter "treatment zone", downstream 

adjacent to Zone 2, where streambank vegetation similar to that in Zone 2 

was removed in the spring of 1973. 

The uppermost station (1) was in a meadow 90 meters downstream of 

Kennedy Road and about 5.6 km above the mouth. At that site the 2.5 m 

wide stream had a sand and gravel bottom, with undercut banks, heavy grass 

cover in summer, and the aquatic plants Veronica ~· and Ranunculus ~· 

covering 6.7% of the bottom. Station 2 was 1500 meters downstream from 

Station 1, on the border between Zones 2 and 3. This site had dense 

streamside alder thickets, scattered undercut banks, and sparse aquatic 

vegetation (1.8% of bottom area covered) in a 3.1 m wide sandy channel. 

Station 3, 1000 m below Station 2 and 50 m east of Eisenhower Road, had 

a silt and sand bottom, no aquatic vegetation, little bank cover, and was 

4.6 m wide. The scarcity of instream vegetation in Zones 2 and 3 was a 

major difference from the upstream meadow zone (1) (Table 1). It resulted 

from reduced light penetration under the dense brush. 
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TABLE 1. Physical characteristics of three study zones of the Little 
Plover River based on field mapping during 1971 and 1972: 
data from Robert L. Hunt: Wisconsin Department of Natural 
Resources. 

Mid-channel length: 
(meters) 

Average width: 
(meters) 

Average depth: 
(centimeters) 

Surface area: 
(square meters) 

Maximum instream vegetation: 
(square meters) 
percent of zone bottom 

Bottom types: percent gravel 
percent sand 
percent silt 

Percent pool area 

Upper 
Meadow 
Zone 

1210 

4.3 

16.0 

5445 

363 

6.7 

** 
** 
** 

Brushy 
Control 
Zone 

372 

4.1 

14.2 

1502 

27 

1.8 

1.3 
80.0 
18.7 

Downstream 
Treatment 
Zone 

800 

4.3 

17.8 

3550 

0 

0 

5.1 
69.8 
25.1 

** Data Unavailable ** 4.8 
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METHODS AND MATERIALS 

Drift Sampling 

Drifting organisms were captured in nets made of Nitex nylon bolting 

cloth with a mesh size of 760 microns. Mouths of the nets were supported 

by a 6.5 mm diameter steel rod frame of 30.5 by 30.5 em. Drift was sampled· 

at Stations 1, 2, and 3 over a 24-hour period on ten separate dates between 

January and December, 1972 (Appendix C). Ten-minute samples were taken 

at three to four hour intervals except just before sunrise and after sun

set, when 30 to 40 minute intervals were used. The shorter sampling inter

vals gave better estimates of changing drift rates of organisms which 

exhibited characteristic behavioral responses to the changing light in

tensity. The length of the sampling interval was shortened to two minutes 

during August flooding to avoid clogging of nets with detritus. Net frames 

were positioned in holes in a wooden base which was anchored flush with 

the stream bottom (Waters, 1962a). Net positions were designated by 

0.3 m intervals from the left bank (looking upstream). Diel samples were 

taken with one net per station in positions 5, 7, and 9, the standard 

positions. Except for periods of unusually high water, all nets were 

partially emergent and included surface drift. Total drift was deter

mined at each station in March and July by placing nets completely across 

the stream (Waters, 1962b). This caused a noticeable damming effect, 

with slightly less water than usual going through nets covering the 

thalweg and an increase to either side. Changes in flow through a net 

before and after collecting an average sample were found to be insignif

icant. 

Discharge at Stations 1 and 3 was determined from a rating table 

for gage readings of Parshall flumes installed near the sampling sites. 
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I correlated total discharge at the flumes with the percent of total 

discharge flowing through nets at the 0.3 m intervals across the stream 

to estimate flow through a net at any given position. Drift nets (in 

the standard position) sampled 13.8% + 2.3% of the total discharge at 

Station 1, 12.2% ± 1.9% of the total discharge at Station 2, and 8.5% + 

1.3% of the total discharge at Station 3. 

Drift samples were labeled in the field and taken to the Aquatic 

Research Laboratory of the University of Wisconsin - Steveus Point, 

where they were removed from the drift nets, placed in plastic bags, and 

preserved in 70% ethyl alcohol containing 0.25 g/1 of Rose Bengal stain. 

The stain facilitated separation of invertebrates from detritus and did 

not interfere with identification (Mason and Yevich, 1967). Sugar 

flotation (Anderson, 1959) was unsuccessful as an aid to sorting inver

tebrates. A dissecting microscope was used in hand-picking the organ

isms, which were identified to Genus, if possible, for aquatic inverte

brates, and to Family, for most aerial and terrestrial invertebrates. 

Results are presented as drift density (number of organisms per 

100 cubic meters of water). Drift rate (number per unit time) was not 

used because it does not permit comparison of different stations or 

streams where total discharge may vary, or water depth or velocity 

through a given net varies. Drift biomass (g/100 m3, wet weight) is 

presented only for samples taken during the month of peak drift, 

August, to verify that the trend of downstream decrease in numbers also 

reflected a substantial downstream decrease in biomass. 

For the purpose of this study it was unnecessary to weigh all 

drift samples. Macroinvertebrates preserved in alcohol are known to 

change form and gain or lose weight to a degree which varies inter- and 

intra- specifically depending on size and condition of organism, type 
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and duration of preservation, and possibly other factors which pre-

eluded use of a simple conversion factor and made back-calculation 

impractical for most winter and spring drift samples (Howmiller, 1972; 

Leonard, 1939; Stanford, 1973). 

Detritus 

Organic detritus from drift samples was dried at 65°C for three 

days to constant weight. Detritus samples were arbitrarily placed in 

one of four texture categories on a fine to coarse scale and subsamples 

analyzed for particle size. The subsamples were then used as standards 

for visual comparison in classification of remaining samples. Cate-

gories for detritus were: 

1 Fine 
2 Fine with Coarse 
3 Coarse with Fine 
4 Coarse 

over 100 
50 to 100 
10 to 50 
less than 10 

particles/mg 
particles/mg 
particles/mg 
particles/mg. 

These values of 1 to 4 were averaged for monthly samples at each station 

and means plotted to show seasonal trends. The level of detritus occur-

ring in the drift was termed detritus density and refers to the weight 

of detritus per volume of water (g/100 m3). 

Aerial and Terrestrial Invertebrate Sampling 

Sticky-surface traps were used from July 22 through July 28 to com-

pare relative abundance of terrestrial and aerial insects at the three 

stations. Trial samples were taken at Station 1 during a one-week period 

in June. Since air temperature near the Little Plover is maximal during 

July, aerial insects near the river might be most abundant at this time. 

Nelson (1965) conducted a seasonal study of aerial insects near a moor-

land stream and found a positive correlation between number of insects 

caught and air temperature. 
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A commercial brand of banding gum was put on 10 by 10 em celluloid 

sheets, comprising the traps (Nelson, 1965), and six traps were placed 

at each station: 2 on the bank one meter from the stream, 2 anchored 

and floating in the stream one-half meter from the bank, and 2 anchored 

and floating in midstream. Styrofoam was initially used as a float and 

gasoline was used as a solvent for the banding gum, but this proved to 

be unsatisfactory. Thereafter, on-stream traps were floated on wooden 

blocks, and invertebrates were removed with 95% ethyl alcoh~l and pre

served in 70% ethyl alcohol. 

Stomach Analysis 

A total of 100 brook trout of various sizes were captured with the 

aid of D. C. electrofishing gear during the same week in July during 

which sticky trap and drift samples were taken. Trout were collected 

for analysis of stomach contents at the upper and lower stations (1 and 3); 

25 were taken at each station in mid-afternoon and'25 two to three hours 

after dark at each station. Trout were killed, their stomachs preserved 

in 70% ethyl alcohol, organisms identified to Order, and volumes of organ

isms determined by liquid displacement. The selectivity coefficient uti

lized to determine preference for food items was: (% in stomachs I % in 

drift) (Royce, 1972). A coefficient value greater than 1.0 indicates 

selection of an item. 

Diversity Indices 

Diyersity indices were determined by use of a Fortran IV computer 

program modified from Mawson and Godfrey (1971) with an IBM 1130 computer 

at the University of Wisconsin- Stevens Point. Brillouin's formulation 

of the information theory index for a finite collection was calculated: 
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H = (1/N)log (NI/N1 1N21 .•• Ni)), 
H = information theory index of diversity 
N = Total no. of individuals 

Ni = Number of individuals of Species i 

(Brillouin, 1956; Margalef, 1968). "This index is a measure of in-

formation in a group of objects which have different probabilities of 

being represented, i.e., numbers of individuals. Information is maxi-

mal when the probabilities (densities) of all species are equal ••. 

Information is zero if there is only one possibility, i.e., diversity= 

0". (Mcintosh, 1967). 

A measure of "evenness", HMAX, was calculated to determine the con-

tribution of "dominance diversity" to the index, H (Pielou, 1969): 

HMAX = (1/N) log [NI/([N/S]I)s-r(([N/S]+l)l)r], 
where: N = Total number of individuals, 

S = Total number of species, 
[N/S] is the interger part of N/S, and 

r = the remainder of N/S, less than 1. 

Low values of HMAX represent an even collection, and samples dominated 

by one or two species would have a higher HMAX value. 

The index H was computed for all individual samples, but diel changes 

in drift and the frequency of low numbers of organisms in individual sam-

ples failed to give consistent results and these values were of little 

comparative use. To consider a more practical value, the program uti-

lized a method developed by Pielou (1966), who demonstrated with plants 

that as sample size is increased by the successive addition of new quadrats, 

the diversity of the pooled sample will increase and then level off. In 

this study, successively pooled data from drift samples taken at irreg-

ular intervals over a 24 hour period yielded an index which temporarily 

increased and then leveled off at a value more closely approximating that 

of the true population at each station. 

Aquatic and terrestrial drift invertebrates were grouped into 99 
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categories for the diversity computations (all the program could 

accomodate). Amphipoda, Ephemeroptera, Trichoptera, and Plecoptera 

were listed by Genus or Species, and Hemiptera, Coleoptera, Diptera, 

and Hymenoptera by Family. Remaining organisms were infrequent enough 

to be left at Class or Order taxonomic levels. Results should not be 

significantly biased by the presence of composite taxa, since Wilhm and 

Dorris (1968) have shown that with this index, the contribution to total 

diversity by rare species is almost negligible if many taxa are present. 

A major advantage of the community diversity approach is that it only 

requires the number of individuals in each taxonomic category present, 

and species identifications as such are not required (Slack, et al, 1973). --
Therefore, index values as computed in this study may prove useful in 

comparing drift catches between stations, if cautiously interpreted. 
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RESULTS 

Zonal Differences in Drift 

Invertebrate drift in the Little Plover River in 1972 was charac

terized by decreases from the meadow to the brushy zones: in drift 

density (mean num~er of organisms per 100 m3) from 614 in the meadow to 

273 at Station 2 and to 130 at Station 3; in mean density of detritus 

(g/100 m3, dry weight) from 32.5 to 20.4 to 13.7 at Stations 1, 2, and 

3, respectively; and in number of taxa occurring in drift samples per 

month from 27 to 23 to 19 at Stations 1, 2, and 3, respectively (Figure 

4). 

Mean monthly density of drifting terrestrial insects was similar 

among stations (51, 54, and 43/100 m3 at Stations 1, 2, and 3, respec

tively). Decreases in overall drift density in the brushy zones caused 

terrestrials at Stations 2 and 3 to make up larger proportions of the 

drift (9.8%, 20.8%, and 25.7% at Stations 1, 2, and 3, respectively). 

The annual peak in drift density occurred in August. Aquatic 

and terrestrial drift biomass in August (g/100 m3, wet weight) 

decreased substantially from uppermeadow station (1) with 4.00 g/100 m3, 

to 1.34 g/100 m3 at Station 2, and to 0.07 g/100 m3 at the lower brushy 

station (3) (Table 2). 

Drift Composition and Seasonal Patterns 

Crustaceans made up 46% of drift numbers, followed by aquatic in

sects, 29%; terrestrial insects, 15%; Coelenterata, 7.5%; Mollusca, 1.0%; 

Arachnida, 0.8%; Annelida, 0.2%; and Nematoda, 0.2% for all stations 

combined. 

The dominant drift organism was the amphipod, Gammarus pseudolimnaeus, 

which made up 42.8% of the total number of organisms taken at all stations 
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Table 2. 

Station 

meadow 
(1) 

brushy 
(2) 

brushy 
(3) 

16 

Drift biomass (g/100 m3) in the Little Plover River, 
August 22, 1972. 

Other 
Gammarus Baetis Aquatic Terrestrial Total 

3.491 .0132 .200 .289 3.998 

1.060 .0075 .068 .207 1.342 

0.021 .0000 • 039 .007 0.068 
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in 1972. Other taxa contributing 1% or more of the total number in

clude the midges, Chironomidae, 10%; adult flies, Diptera, 9.5%; the 

Coelenterate, Hydra, 7.5%; the mayfly nymph, Baetis, 5.9%; the caddis

fly larva, Brachycentrus, 4.0%; Copepods, Copepoda, 3.1%; Aphids, 

Aphididae, 1.6%; terrestrial ants and wasps, etc., Hymenoptera, 1.4%; 

aquatic beetles, Coleoptera, 1.3%; the caddisfly larva, Lepidostoma, 

1.0%; and Trichoptera larvae (other than Brachycentrus and Lepidostoma) 

2.4% (Table 3). The remaining 9.5% of the numerical total was made up 

of 100 additional taxa of drifting organisms (Appendix Cl: Aquatic 

organisms, and Appendix C2: Terrestrial organisms). 

The mean number of taxa identified in the drift was low with nine 

in March, increased to 37 in June, dropped suddenly to 22 in July, and 

peaked at 41 in August. Monthly changes in density were similar to 

changes in number of taxa at all stations. Drift density increased from 

(19 to 64) organisms/100 m3 in March to (350 to 714) organisms/100 m3 

in June. A decrease in July density was followed by an August peak 

of (193 to 2035) /100m3 (partially during flooded conditions), and a 

gradual decrease into winter (Figure 5). 

Numbers of Gammarus in the drift decreased from the meadow to the 

brushy zones; Gammarus contributed 53% of the total number of organisms 

at Station 1, 38% at Station 2, and 7% at Station 3 (Table 3). Mean 

density of Gammarus was 43/100 m3 in the meadow in April, and increased 

to a peak of 1806/100 m3 in late August when Gammarus was the major 

source of invertebrate biomass (Figure 6). Gammarus density in the 

meadow remained high in September and October (365 and 214 Gammarus/ 

100m3, respectively), then decreased over winter to 13 Gammarus/ 100m3 

in March. Similar seasonal changes occurred at downstream brushy stations 
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but on a lesser scale. April increases to 8 and 9 Gammarus/100 m3 (at 

Stations 2 and 3, respectively) were followed by a late August peak of 

544 and 130 Gammarus/100 m3. Density decreased at Station 2 over winter 

to 2.5 Gammarus/100 m3 in March, and at Station 3 to 2.5 or less/100m3 

during September, October, December, January, March, June, and July (Table 

4). Decreases at all stations from May to late June and July probably 

reflect decreased density in the benthos, and August peaks occurred during 

flood conditions, as well as during normal flo~. 

Chironomidae, the second most abundant category of drifting inverte

brates, made up 10% of the total number of organisms at Station 1, 8% at 

Station 2, and 17% at Station 3 (Table 3). Density of Chironomidae was 

nearly always greatest in the meadow and ranged from 6.4/100 m3 in October 

to 115/100 m3 in June (Figure 6). A drop from 115/100 m3 in June to 10.0/ 

100 m3 in July indicates emergence in early July. At Stations 2 

and 3 respective ranges were 1.4/100 m3 in September to 48/100 m3 in June 

and 2.5/100 m3 in September to 40.7/100 m3 in June. 

Adult Diptera also were most abundant in June, with mean densities 

of 116, 119, and 124/100 m3 at Stations 1, 2, and 3, respectively (Table 

4). Densities of Diptera started to increase in April, and after reach-

ing a zenith in June densities declined through December. Densities of 

adult Diptera were similar among stations, but since the total number of 

organisms was greater in the meadow, adult Diptera made up a greater pro

portion of the total in the lower brushy zone drift (22% of the total 

number of organisms) than in the meadow (5% of the total number of organ

isms). 

Hydra made up 11% of the total number of organisms at Station 1, 

and 3 to 4% at the brushy stations. Hydra were absent from January and 



w~ N~ ..... ~ c... ::::: 1-3 

~~ g > 1-'.-< Vl:;d '-l:;d b:l 
H . :rt t"' t"' ::T t1j 

c:n -!::'-
r1' . 
Ill 

WNI-' WNI-' WNI-' WNI-' r1' .... r1' s 0 0 
::s r1' ::s 

Ill r1' 
1-'::T 

Coelenterata 
..... ..... ::S'< 

N 00 Hydrozoa ~~ -i::'--...!0 N . 
0\ VI W VI Hydra CD Ill 

11 ::s 
0 p. 

Crustacea 
H'ICD ..... ::s 

WN -1:- 1-' 1-'N 
Amphipoda 

P,.{l) 
VI0\0\ 00-...! N NNN NI-'W 111-'o 

...... r1' 
'-1 -!::'- -!::'-

"' "' 00 
VI VI VI VI ~ \0 Gammarus H\ .... 

r1' CD 
...... {I) 

::s 
N Crustacea ()Q-
N ::s 

\0 ONCO Copepoda ...... c:: . 
~ ~ "' '-1 "' 00 CD CD 
11 11 

Insecta r1' --i::'-001-' CD 1-' 
NWO\ 0 Ephemeroptera 0""0 . ~ §' VI WI-' -...! Baetis r1' w 

co-
{I) 

Insecta 0 
VI Ill H\ 

NOO w N N Trichoptera r1' . . . 0 
VI \0 "' "' "' Brachycentrus 0 11 

::SOCI 
CD Ill 

Insecta ::s ..... ..... 0 .... 
'-1 "' '-II-' N VI VI \CUI Trichoptera 11 {I) 

g a "' ..... VII-' \0 0 00\0 Lepidostoma {I) 

11 §. 
Insecta CD ..... .......... ..... 1-'1-' ...... .......... -i::'-NOO 0-i::'- w"' \0 Trichoptera 

{I) n 
r1' ::T 

"' '-1 woo WN 0\NOO Ill 
Other * rtn 

Insecta 
...... 0 ..... 0 ::s 

1-'001-' 1-'NI-' N -!::'- VI 
Coleoptera 

::s r1' . {I) 11 
1-' ~ "' VI W VI "' N 0 ...... 

0 0"" 
::s c:: 

r1' 

Insecta 
r1' CD ..... ::TP. 

NWO N ~ \0 N ~ 
Diptera 

CD 
00\0VI WWN VI N 1-' VIWO 0 

t"'< 
NW'-l "' \0 00 OVII-' 0\0'-1 Chironomidae 1-'• CD 

.. r1' 11 
r1' 
1-'0 

Insecta - Terrestrial CD ::S 
NOOVI ..... CD 
NUll-' OW~ ..... Diptera 1-d . 1-'"0 
oowoo '-INW ~ 0 CD 

< I"! 
CD n 
I"! CD 

Insecta - Terrestrial ::s 
1-'00W NO l'drt . . . 

Hymenoptera 
...... 

"'0 00 woo < r1' 
CD 0 
I"! .. r1' 

::T 

Insecta - Terrestrial I-' CD 

"' w '-1 ..... Hemiptera 
'-1 . N 

N 1-' ..... 
Aphididae 

zz 



TABLE 4. (Continued) 

....... ....... ....... 
t1l t1l t1l 

•.-! ..-1 ..-1 
I-I I-I I-I 

t1l UJ -1-J -1-J -1-J 
I-I =' Q) UJ UJ UJ 
Q) t1l I-I ~ m t1l t1l Q) Q) t1l Q) 

-1-J I-I -1-J I-I t1l "CC I-I I-I I-I I-I 
t1l p.. Q) r:: Q) 0 Q) I-I ..-1 I-I I-I Q) I-I t1l Q) 

t1l t1l "CC UJ t1l 0 -1-J Q) -1-J-1-J -1-J Q) s Q) Q)-1-J Q) I-I t1l 
-1-J 0 0 =' "CC I-I P,.() P..UJ P..-IC -1-J t1l 0 H t1l H p.. H Q)"CJ 

~~~ 
P..!-1 0 Q) UJ 0 0 0 0 p.. I-I r:: I-I 0 -1-J..-l 

t1l ..-1 i t1l p.. So.-! .c.c .C"CC .c I-I 0 Q) 0 I Q) I r:: I P.."CC 
Q) I-I k Q),C Q) Q) Q)-1-J () () ()or-! () Q) Q) -1-J I-I -1-J Q) •.-! ..-1 
-1-J"CC"CC () p.. () p.. t1l .c Q) t11..-lt11 t11..-l t11..-l.Ct11...-t t1l p.. ..-1 t1l p.. ~e. t1l s .c 
~&'~ t11~ t1l t1l 0 -1-J p.. t1l -1-J I-I I-I -1-J I-I Q) -1-JI-I-1-Joi-JO -1-J •.-! .c -1-J..-l -1-J Q) p.. 

-1-J t.!> -1-JU ()ril~ UH~ UH...:l UHOUU () ~ (.) ()~ ()~ ()~<t! 
....... UJ UJ Q) Q) Q) Q) Q) Q) Q) Q) Q) 
Q) =' =' UJ UJ UJ UJ UJ UJ UJ UJ UJ 
0 I-I I-I r:: r:: r:: r:: r:: r:: r:: r:: r:: "' Month Station (.) (.) (.) H H H H H H H H H w 

1 246.3 82.1 24.6 12.1 3.8 9.4 115.3 116.0 17.0 
JUNE 2 45.7 10.0 85.3 109.2 0.6 17.4 47.8 118.9 4.3 5.0 

28 3 10.4 31.4 51.1 6.3 40.7 124.2 15.7 8.2 

1 86.0 55.3 38.9 7.4 1.8 10.0 18.6 10.2 
JULY 2 3.6 4.3 7.9 1.1 0.6 1.8 1.8 33.6 8.4 1.8 

24 3 2.1 33.9 8.5 9.6 55.3 9.6 

1 1805.7 22.8 27.5 6.7 32.5 31.1 11.1 18.6 
AUG. 2 3.6 543.7 12.5 14.6 5.8 2.9 6.8 8.6 1.0 13.9 

22 3 17.1 46.1 14.0 3.3 23.2 39.6 8.2 5.7 

1 21.1 364.5 13.2 3.9 18.9 32.4 3.8 9.6 11.4 5.7 30.7 
SEPT. 2 130.3 29.6 16.4 1.4 3.0 3.0 1.4 22.1 1.5 65.3 

22 3 15.0 2.5 22.3 2.5 27.1 s.o 



* t::l 0 g: ~ 
CIOt:t:l N(") ~ (") VI~ ::s . . r1' 1:"' 

P' t:t:l 

Cl.l ~ 
rt . 
I» 

WNI-' WNI-' rt .... -0 (") 
::s 0 ::s 

rt 

Coelenterata !j 
Hydrozoa ~ 

~ 1-' (1) . . j;l.. 
<l' ~ Hydra ...... 

Crustacea 
N 

Amphipoda w 1-' <l' 1-' 
001-' 1-' \0 w 

Gammarus ........ w co .p. <l' V1 

~I-' VI Crustacea 
WI-'-.....J Copepoda 

1-' 1-' 
Insecta . . Ephemeroptera .p. .p. 

Baetis 

1-' Insecta 
. <l' "' Trichoptera . . 
~ 1-' Brach::y:centrus 

1:"' 
(1) Insecta 't:l 
rt V1 .p."' Trichoptera 0 
() ........ <l' ~ Lepidostoma (1) 
ti .... Insecta j;l.. 1-' N 1-' 
I» w ~ 1-' N w Trichoptera (1) . . 

1-'00 "' N 
Other * Ul 

't:l 
't:l . Insecta 01-' 1-' 

1:"' V1 N w Coleoptera 

i Insecta (1) 
"d Wl-'00 1-'N Diptera P' w w \0 0 w"' ..... 

Chironomidae 1-' N"'"' -.....J N .p. .... 
j;l.. 
I» 
(1) Insecta - Terrestrial 
Ul 1-' w N \0 V1 Diptera "d 
"d .p. "' VIW.P. . 
~ Insecta - Terrestrial 0 1-' 1-'.N 1-' 
1-' . Hymenoptera I» N www 
5 
I» .. 

1-' Insecta - Terrestrial 
0 w 1-' ........ 

Hemiptera . . 
........ "' .p. \0 

Aphididae 

vz 



25 

April drift samples but built up through May to peak June densities of 

246, 46, and 10/100 m3 at Stations 1, 2, and 3, respectively. Hydra 

densities then decreased into winter. 

A population explosion of Copepoda started with their first appear

ance in April drift samples at densities of 229/100 m3 in the meadow, 

decreasing in the brushy zones to 3 and 0.7/100 m3. At the same time, 

the alga Spirogyra sp. was found in drift nets in approximately the same 

proportion as the copepods. Copepods disappeared after May only to re

appear at all stations in December, at densities of less than 6/100 m3. 

The mayfly nymph, Baetis, the caddisfly larva, Brachycentrus, and 

aphids (Hemiptera: Aphidoidea) were more abundant in the brushy sections 

of the river than in the meadow. Baetis made up 2% of the total drift 

numbers at Station 1, and 10 to 12% at the brushy stations. Baetis were 

found in the drift from April through October, with peak densities of 84 

and 85/100 m3 at Station 2 in May and June. Maximum density of Baetis 

in the meadow drift was 39/100 m3 in July, and in the lower brushy zone 

43/100 m3 in May. Brachycentrus made up a negligible part of the meadow 

drift, and was captured only at Station 1 in September at 4/100 m3. 

Brachycentrus made up 10 and 6% of total drift numbers at Stations 2 and 

3, and reached peak densities of 109 and 51/100 m3 in June. Aphids were 

present in the meadow drift in August through December, with a peak 

September density of 31/100 m3, and made up 0.8% of the total drift 

numbers. In the brushy zone aphids were present from April through 

December and made up 2 to 3% of total numbers, at peak densities of 8 

(Station 3 in June) to 65/100 m3 (Station 2 in September). 

Diel Drift Patterns 

Diel periodicity, a recurrent temporal pattern with a period of 
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24 hours, in drift has frequently been re~orted for Gammarus 

and Baetis, which exhibit a behavioral response to low light intensity 

resulting in highest drift soon after sunset and again at slightly 

lower levels just before dawn (Waters, 1972). Gammarus exhibited a 

typical diel periodicity in the Little Plover River, e.g., in July at 

Station 1, a major peak in Gammarus density occurred about two hours 

after sunset (289/100 m3) and a s~cond minor peak one hour before sun

rise (144/100 m3), while daytime levels were lower than night levels 

(Figure 7). Diel periodicity of Gammarus was similar at all stations 

and in all seasons, although it often was not apparent when Gammarus 

densities were low. 

Baetis exhibited a characteristic periodicity in drift similar to 

that of Gammarus (Figure 8) (Waters, 1962a, 1969; Muller, 1963; Tanaka, 

1960). When numbers were large enough to show the diel pattern, the 

pattern was the same at all stations. Consistent diel periodicities 

were determined only for Gammarus and Baetis. 

Flooding 

Flooding increased drift density. Heavy rain on August 22 inter

rupted drift sampling between 3:00 PM and 6:00 PM when the river over

flowed its banks. Twenty-seven samples had been taken at the three 

stations intermittently for 12 hours before the rain. By 6:00 PM dis

charge at the lower end of the study area had increased from 0.2 m3/s 

to 0.7 m3/s, water color had darkened, and drift of detritus had increased 

from a mean of 15 to 187 g/100 m3 at Station 1 and from 7.5 to 60 g/100 m3 

at Station 3. After 6:00 PM, 16 samples taken during flooded conditions 

indicated 5 to 10 times greater density of drifting organisms and lower 

indices of diversity at all stations (Table 5). Gammarus numbers 
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TABLE 5. 

Station 

B meadow 
E (1) 
F brushy 
0 (2) 
R brushy 
E (3) 

D meadow 
u (1) 
R brushy 
I (2) 
N brushy 
G (3) 

29 

Diversity indices and drift at meadow and brushy zones 
before and during flooding of the Little Plover River, 
August 22, 1972. 

Mean No. Mean g. 
Organisms detritus 

Taxa H HMAX H/HMAX 100 cu. m. 100 cu. m. 

26 0.931 3.134 .297 509.7 14.9 

27 2.154 3.050 .706 149.1 14.5 

23 2.105 2. 774 .759 104.0 7.6 

42 0. 671 3.686 .182 5352.7 187.5 

19 0.378 2.898 .132 1523.2 38.4 

18 1. 675 2.633 .760 479.5 60.5 

H = Information theory index of diversity; HMAX = Evenness of H, page 12. 
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increased in drift during the flood. The density of Gammarus in the 

drift during flooding was 12, 24, and 16 times the pre-flood density 

at Stations 1, 2, and 3, respectively (Table 6). The meadow station 

still had the highest density of Gammarus. Density at Station 1 was 

45 times that of Station 3 before the rain and 32 times that of Station 

3 during the flood. 
'\. 

In the lower brushy zone the immediate effect of flooding was 

quite severe, and the flood affected drift densities for several months. 

Gammarus density at Station 3 decreased from 9/100 m3 before August 

flooding to 0.0/100 m3 in September, while at Station 1 Gammarus density 

before flooding was similar to the density one month later (410 and 365/ 

100m3, respectively). The meart density of all drifting organisms in

creased at Station 1 from 510/100 m3 in August before flooding to 542/ 

100 m3 in September, while at Station 3 mean density decreased from 104/ 

100 m3 before flooding in August to 89/100 m3 in September. The only 

important invertebrate that increased in the brushy areas following 

flooding was Baetis: from 12.5/100 m3 in August to 30/100 m3 irt 

September at Station 2 and from 0.0 to 15/100 m3 at Station 3. Baetis 

densities at Station 1 decreased from 23/100 m3 in August to 13/100 m3 

in September. 

With the increased water depth from flooding, -the tops of the drift 

nets were flush with the surface or slightly submerged at Station 2 and 

barely emergent at Stations 1 and 3. Flooding resulted in over a five-

fold increase in density of surface drifting terrestrial invertebrates 

at Stations 1 and 3 (from 38/100 m3 to 201/100 m3 and from 22/100 m3 to 

128/100 m3). A slight decrease in drifting terrestrials at Station 2 

(from 32.4/100 m3 to 31.3/100 m3) was probably due to the submerged 
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Table 6. Densities of drifting aquatic and terrestrial invertebrates 
before and during flooding of the Little Plover River, 
August 22, 1972. 

Upstream Middle Lower 
Station: Meadow (1) Brushy (2) Brushy (3) 

Before During Before During Before During 

Mean Number 
Gammarus per 410 4755 59 1418 9 148 
100 cu. meters 

Mean Number 
Aquatics per 63.4 395.4 59.0 73.4 73.7 203.5 
100 cu. meters* 

Mean Number 
Terrestrials per 38.3 201.2 32.4 31.3 21.7 127.6 
100 cu. meters 

* excluding Gammarus 



32 

drift nets. Density of all aquatic organisms combined, other than 

Gammarus, was similar among stations before the rain (63, 59, and 74/ 

100m3), and increased irregularly at Stations 1, 2, and 3, respectively 

to 395, 74, and 204/100 m3. 

Detritus 

Mean monthly densities of d~fting detritus increased in Spring to 

maxima (for normal streamflow) in May and June (28.6 and 26.5 g/100 m3), 

and dropped to 11.4 g/100 m3 in July (Figure 9). Flooding in August 

caused a three-fold increase in mean detritus density from 12.3 g/100 m3 

to 37.8 g/100 m3. Mean detritus density was low in Fall and early 

Winter. 

Mean monthly particle size decreased through Spring, increased in 

Summer (with the exception of a drop in August) and was largest at the 

time of maximum leaffall in September and October. There was no signif

icant difference in the size of detritus particles before and during 

August flooding. Particle size was inversely related to monthly detritus 

density. The correlation coefficient between density (x) and size (y) 

was r =-0.54, and the regression equation was: y = -0.04lx + 3.184. 

On a scale of 1 to 4 for particle size, Station 1 (meadow) had the 

smallest particles with an annual mean of 2.11, Station 2 was 2.52, and 

Station 3 was 2. 71. 

At times, the density of detritus and density of invertebrates, at 

0.3 m intervals across the stream, showed a nearly perfect correlation. 

In addition, monthly densities of detritus (x) and invertebrates (y) 

(Appendix D) showed a positive correlation for all stations combined: 

r = 0.824 and y = 21.3x- 92.2. Although diel drift .patterns were 

evident with invertebrates, none were observed with detritus density. 
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Density of detritus.and density of invertebrates were independent of 

volume of water sampled~ with the exception of increases with flooding 

in August. 

Aerial and Terrestrial Invertebrate Traps 

The 18 sticky-surface traps caught 1,962 invertebrates in seven 

days in July (Table 7). Adult Diptera made up 77.2% of the total catch, 

Hymenoptera, 8%; Collembola, 6%; Hemiptera, 4%; Arachnida, 2%; and 

Coleoptera, 1%. 

Density of adult Diptera increased from bank to stream and Stations 

1 to 3 (Table 7). Density of aerial Hymenoptera was similar on bank 

and stream at all stations (500 to 800/m2) with the exception of 3100/ 

m2 on the bank at Station 3. Non-winged Hymenoptera, particularly 

Formicidae, tended to avoid the traps. Densities of remaining terres

trials also increased from bank to stream, but densities decreased from 

Stations 1 to 3: 4000, 2900, and 2200/m2, respectively. 

The sticky trap catch over the bank at Station 1 in June had over 

nine times the number of adult Diptera and over three times the number 

of other terrestrials as were caught for the same interval and location 

in July. Drift samples reflected this difference in availability of 

adult Diptera with a mean of 120/100 m3 in June compared to 35/100 m3 

in July. 

In addition to the intended catches on the sticky surfaces of the 

traps, 330 aquatic organisms were collected which had attached to the 

undersides of traps. Colonization on these artificial substrates was 

heaviest in the meadow (141/6 traps), less than half as intensive in 

the upper part of the brushy zone (61/6 traps), and somewhat higher in the 

lower part of the brushy zone (123/6 traps), 



Table 7. 

Station 

Upstream 
Meadow 
(1) 

Middle 
Brushy 
(2) 

Lower 
Brushy 
(3) 

Means 

Relative abundance of adult Diptera, adult Hymenoptera, and other terrestrial insects 
(Number/m2) on replicate sticky-surface traps on the Little Plover River, July 22-28, 1972. 

Taxa 1 meter 1/2 meter Midstream Actual number 
onto bank onto stream collected 

Adult Diptera 3,800 6,700 12,900 467 
Adult Hymenoptera 700 400 600 35 
Other Terrestrials 800 4,300 2,100 143 
Total 5,300 11,400 15,600 645 

Adult Diptera 5,000 9,100 6,300 407 
Adult Hymenoptera 800 900 300 38 
Other Terrestrials 1,700 1,200 1,300 81 
Total 7,500 11,100 7,900 526 

Adult Diptera 7,800 6,600 17,700 641 
Adult Hymenoptera 3,100 800 300 83 
Other Terrestrials 1,100 1,000 1,300 67 
Total 12,000 8,400 19,300 791 

Adult Diptera 5,500 7,500 12,300 
Adult Hymenoptera 1,500 700 400 
Other Terrestrials 1,200 2,200 1,500 
Total 8,200 10,300 14,200 

w 
VI 
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Stomach Analysis 

Total volume of the stomach contents of 50 brook trout was nearly 

twice as much in the meadow (16.3 cc) as of 50 trout of similar size 

collected in the brushy area (8.7 cc). There were 3.4 times as many 

invertebrates eaten in the meadow as at Station 3. Volume of stomach 

contents was greatest in the afternoon at each station. 

Brook trout in the meadow ate almost 50 times as many Gammarus as 

trout at Station 3. At station 1 at 2:00 PM, 352 Gammarus made up 77% 

of 8.61 cc in 25 stomachs, and at 11:30 PM, 136 Gammarus made up 34% 

of 7.65 cc in 25 stomachs. Most of the remaining food at night was 

Trichoptera larvae (25 larvae and 15% oftotal volume) (Table 8). 

At Station 3, Trichoptera larvae and adults eaten at night were the 

most numerous food items, but the greatest volume of food (Oligochaeta) 

was eaten in the afternoon (Table 9). At 1:00 PM, 23 caddisflies made 

up 19. 4% and 4 worms made up 48% of 4. 7 cc in 25 stomachs, and at. 10.: 30 

PM, 115 caddisflies made up 66.8% and one worm made up 8.6% of 3.95 cc 

in 24 stomachs. Although adult Diptera comprised a significant fraction 

of drift numbers at Station 3 (over 21% of the total), they were an un

important part of the trout diet. Only 2 adult Diptera were among the 

172 organisms identified in SO stomachs, and made up a trace of the 

total volume. 

The selectivity index showed that in the meadow,Gammarus, adult 

Diptera, and Trichoptera larvae were selected during the afternoon and 

at night, and Baetis and Hydra were avoided. In the lower brushy zone 

in the afternoon, Gammarus were heavily selected and Trichoptera larvae 

selected to a lesser extent. Gammarus and Trichoptera larvae also were 

selected at night, and adult Diptera and Baetis were avoided (Table 10). 
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TABLE 8. Stomach contents of brook trout from the Little Plover River 
at upstream meadow station (1), July 27, 1972. 

Time 2:00 PM 
Length (mm) range 54...;83 124-149 172-181 

of fish 
Number of stomachs 10 10 5 
Number of empty 

stomachs 0 .,\ 0 0 
Total volume contents 

(cc) 0.55 3.66 4.40 

Trichoptera 1/t* 8/06 4/03 
Hemiptera -- 3/03 --
Ephemeroptera -- -- --
Diptera 3/t 9/03 --
Odonata -- -- --
Coleoptera 1/t -- --
Amphipoda: Gammarus 54/91 174/78 124/74 
Nematoda -- 1/t --
Copepoda -- -- --
Hirudinea -- -- 1/t 

Sub-total AQuatic 59/91+ 195/90+ 129/77+ 

Trichoptera -- --
Diptera 3/t 1/03 
Coleoptera -- --
Araneae -- --
Orthoptera -- --
Oligochaeta -- --
Sub-total Terrestrial 3/t 1/03 

Misc. invertebrate p/08 p/03 
parts 

Vertebrates -- --
(Cottus bairdi) 

Detritus (empty cases, -- p/03 
sand, algae, sticks, 
etc.) 

TOTAL NUMBER ORGANISMS 62 196 

* number of organisms/% of total volume 
t = trace 
p = present 

--
1/02 

--
--

1/09 
--

2/11 

p/02 

--

p/09 

131 

11:30 PM 
59-84 112-150 155-178 

10 10 5 

0 0 0 

1.50 2.65 3.50 

8/24 11/15+ 6/11.3 
-- 4/11 2/05.7 
-- -- --

1/t 4/04+ 2/01 
-- -- 1/05.7 
-- 3/13+ --

39/64+ 16/17+ 81/34 
-- -- --
-- 1/t --
-- -- --

48_188+ 3_9160+ 92/58 

3/07 5/15 2/05.7 
2/t -- 1/02.3 
-- -- --
-- -- ---- -- --
-- -- --

5L0_7+ _5/15 3/08 

-- p/02+ --

-- -- 1/34 

-- p/13+ --

53 44 96 
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TABLE 9. Stomach contents of brook trout from the Little Plover "River 
at lower brushy station (3), July 27, 1972. 

Time 1:00 PM 10:30 PM 
Length (mm) range 

of fish 
61-87 110-164 184-212 64-83 113-155 170-229 

Number of stomachs 
Number of empty 

stomachs 
Total volume contents 

(cc) 

Trichoptera 
Hemiptera 
Ephemeroptera 
Diptera 
Odonata 
Coleoptera 

Amphipoda: Gammarus 
Nematoda 
Copepoda 
Hirudinea 

11 

0 

0.70 

3/14* 

1/05 

1/07 

5/24 

9 

1 

0.80 

7/25 

1/t 

5 10 

1 0 

3.20 0.55 

9/16 6/07 

-- 1/t 
-- 3/t 

-- 2/t 

2/t 3/05 

10 

0 

2.00 

50/58 
1/02 

1/t 

1/t 

1/02 

4 

0 

1.40 

7/29 

Sub-total Aquatic 101_50 8/25+ 11/16+ 15/12+ 54/62+ 7/29 

Trichoptera 
Diptera 
Coleqptera 
Araneae 
Orthoptera 
Oligochaeta 

Sub-total Terrestrial 

Misc. invertebrate 
parts 

4/14 
1/t 

1/21 

6/35+ 

p/14 

Vertebrates --

Detritus (empty cases, p/t 
sand, algae, sticks, 
etc.) 

TOTAL NUMBER ORGANISMS 16 

1/25 
1/12 

2/37 

p/25 

p/12 

10 

* number of organisms/% of total volume 
t = trace 
p = present. 

-- 3/t 30/25 19/36 
1/t --

2/t 1/07 

3/66 1/62 

4/66+ 4/62+ 32/25+ 20/43 

p/03 p/15 p/09 

p/13 p/t p/02 p/29 

15 19 86 27 



Table 10. Percentage occurrence of major organisms in the drift and in brook trout stomachs, and 
a selectivity index of trout feeding, July, 1972, in the Little Plover River, Wisconsin. 

Station Taxa % in Drift % in Stomachs Selectivity Index 
(Stomachs/Drift) 

Afternoon Night Afternoon Night Afternoon Night 

Hydra 34.3 21.7 0 0 0 0 
Gammarus 9.0 27.0 90.5 70.5 10.1 2.6 

1 Baetis 7.5 27.8 0 0 0 0 
adult Diptera 23.9 2.6 1.3 1.6 0.1 0.6 

Upstream Chironomidae 9.0 2.6 3.1 3.6 0.3 1.4 
Meadow Hymenoptera 

(L)l 
6.0 1.7 0 0 0 0 

Trichoptera 3.0 3.5 3.3 13.0 ~. ' 1.1 3.7 
Trichoptera (A)2 0 0 0 5.2 0 + 

92.7 86.9 98.2 93.9 

Adult Diptera 50.0 36.8 4.9 0 0.1 0 
Baetis 4.5 22.4 0 0.8 0 0 

3 Trichoptera (L) 13.6 11.8 46.3 47.7 3.4 4.0 
Hymenoptera 4.5 5.3 0 0 0 0 

Lower Chironomidae 13.6 7.9 4.9 3.0 0.4 0.4 
B:rushy Coleoptera 0 1.3 2.4 2.3 + 1.8 

Gammarus 0 2.6 17.1 3.0 + 1.2 
Trichoptera (A) 0 0 9.8 39.4 + + 

86.2 88.1 85.4 96.2 

+ indicates that index value is greater than 1.0. 
1 (L) indicates larvae 
2 (A) indicates adults 

(J.) 
\0 
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Diversity Indices 

The information theory· index of diversity was higher in the brushy 

zones than in the meadow. Mean monthly diversity indices at Station 1 

ranged from 0.75 in August to 2.21 in June, at Station 2 from 0.80 in 

August to 2.34 in May, and at Station 3 from 1.33 in December to 2.42 

in April. Evenness values were higher at Station 1 than 3, with only 

one exception (Figure 10), suggesting that a dominance effect could be 

partly responsible for lower diversity indices in the meadow zone. 

Simpson's Index and Mcintosh's Index also were calculated (Simpson, 

1949; Mcintosh, 1967). They showed the same relative differences in 

diversity indices between stations as the information theory index 

(Appendix E). 
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FIGURE 10. Information theory index of diversity, and evenness, for pooled monthly drift samples taken at 
Stations 1 (....-) and 3 (-o-) on the Little Plover River during 1972. Asterisk (*) indicates· 
no samples taken. 



DISCUSSION 

My conclusion is that a small stream with ~tassy bank vegetation 

offers a more favorable habitat for invertebrates than would the s~e 

stream with bank vegetation consisting of dense alder thickets and 

brush. The major finding of this study is that invertebrates and 

detritus in the drift were most abundant in the meadow zone and became 

progressiVely less abundant in downstream brushy zones. Studies to 

date have not compared invertebrate drift in areas of differing 

streamside vegetation along a single stream. 

Factors which could be limiting for invertebrates in the Little 

Plover River include amount and souree of allochthonous inputi abun~ 

dance of instream vegetation, and type of substrate. The ittdivhlual 

importance ot detritu~, instream vegetation; and substrate ~ould not 

be statistically evaluated in this study. How~v~r. each factor was 

directly or indirectly inllu~ne~d by the type of streamside vegetation 

present. 

Type tJf streamside vegetatitJh ort the Li ttie P1ovet River was 

ptabab1y the overall f'aetot whicn detetmined abundance of invertebrates. 

Wooda11 and Wallace (1912) sampled benthos from streams itt four different 

watersheds where the dominant vegetation types wetet · oitl-fidd 

suecessiortj hatdwbtJd f'oNstj White Pine f'otest with sofile hardwoods, 

attd eoppite f'orest. 1be ohl-tieid stftUWj whi@h would DE! siftli1ar t6 

the Little Plol'er meadow j had. the highest htilflbefs of henthie ot~EUtisms .. 

The coppice stream had the greatest standitig ctbp bi6iliass. Lowest 

11wnbets atid bimnass were in the White Pine afid hardwood forest stted.bls j 

whith would ~orfespond to the sectiofis of the Little P1oVef thit were 

under denset b:rush ~ovet4 WdodaH aftd WaHaee (Hi7~) suggested that the 
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vegetation on each watershed was the main factor affecting species 

composition in the streams, and they attributed most of the differences 

among watersheds to different inputs of allochthonous detritus. 

Visual observations of drifting detritus suggest that leaves from 

the woody streambank vegetation are the major detritus source in the 

brushy zones of the Little Plover. It is also likely that the input 

of detritus in the meadow is predominantly from streambank grasses, 

and to a lesser extent from leaves being blown in, decay of instream 

vegetation, and erosion of peat deposits. Woodall and Wallace {1972) 

determined that the major detritus source in the old-field stream 

was grasses and grass roots. Other investigators also have stated 

that most plant material found among the stones of a stream comes 

from the terrestrial vegetation surrounding the stream (Elton, 1956; 

Egglishaw, 1964; Darnell, 1964; Minshall, 1967; Egglishaw and 

Shackley, 1971). 

The contribution of detritus to the energy base of the Little 

Plover River and its importance to secondary and tertiary production 

was not studied in this investigation but may be assumed to be 

substantial. Most streams behave as heterotrophic conununities (Hynes, 

1963), and Hynes (1961) suggested that the basis of the food chain in 

many streams is detritus, most of which is washed in. In woodland streams, 

the allochthonous detritus input may support up to 2/3 of the energy 

requirements of primary consumers (Vannote, 1969). Detritus is also 

important as a food source for stream fishes (Hynes, 1970). Nelson 

and Scott (1962) reported that 66% of the energy entering a stream 

was allochthonous; Teal (1957) reported 76%; and Fisher and Likens 

(1972) reported 99.8% was allochthonous (the latter. figure including 

dissolved organic matter). 
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The density of detritus in the stream may be an index of 

potential secondary production. Invertebrate and detritus density in 

the Little Plover drift were closely correlated at all stations (page 

31). Also Woodall and Wallace (1972) showed that standing crops of 

detritivores increased and decreased at about the same times as did 

the amount of benthic detritus present. In addition, Egglishaw (1968) 

suggested that since allochthonou~ plant material probably supports 

most of the stream bottom fauna, there exists the possibility of 

relating trout carrying capacity to the amount and rate of break

down of allochthonous detritus. In the present study, correlation 

of detritus with trout food items supports this hypothesis in general, 

but further study is needed concerning actual sources of detritus, 

. rates of input and breakdown, possible differences in food value of 

detritus, correlation of detritus density in the drift with benthic 

standing crops and production, md verification of the seasonal size and 

density trends of detritus using a wider range of net meshes. 

Food resources for invertebrates in the Little Plover· appeared 

to be better in the meadow than in brushy sections, since there was 

more detritus in the meadow (Figure 4). Smaller size of detritus 

particles in the meadow than in brushy zones (page 32) could also 

benefit detritivores because a greater surface area would be avail

able to bacterial and fungal populations. I believe that clearing 

of streamside alder thickets and maintenance of meadow-type vegetation 

will increase the amount of detritus in the stream, and production 

of benthic invertebrates will increase. Minshall (1968) and Egglishaw 

and MacKay (1967) reported low diversity and less bottom fauna in 

streams without deciduous tree cover. However, Egglishaw and MacKay 

(1967) also reported less allochthonous plant material in such streams. 
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Perhaps the greater amount and smaller particle size of grassy detrital 

matter in the Little Plover meadow is the most important factor 

affecting abundance of benthic invertebrates. 

Effects of flooding on invertebrates may vary between sections 

of the same stream. The effect of flooding on drift of Gammarus 

was more severe in the lower brushy zone,' and the flood affected drift 

densities for several months following (Table 4). The meadow area could 

evidently support the increased drift of Garnmarus during high water, 

even at a density over 30 times that of the brushy zone (Table 4). 

It is also apparent from comparison of mean densities and increases 

during high water that Gamrnarus from the meadow did not reach the 

lower brushy zone in any appreciable numbers but may have reached the 

upper brushy zone (Table 6). Increase in invertebrate and detrital 

drift with flooding has been observed also by Denham, 1938; Lennon, 

1941; Minshall, 1965; Elliott, 1967a; Pearson and Franklin, 1968; 

and Egglishaw and Shackley, 1971. It is known that periods of high 

water may reduce the invertebrate fauna in streams (Moffett, 1936; 

Hynes, 1970), and the effects of flooding on invertebrates have varied 

with substrate type, gradient, season, frequency of floods, and type 

of organisms (Allen, 1951; Hynes, 1970; Minckley, 1963; Tarzwell, 1937). 

Weight determination of presezyed specimens will at best give a 

rough estimate of biomass (page 10). My figures for drift biomass 

(Table 2) were intended only to verify that the substantial decrease 

in density of drifting organisms from meadow to brushy zones was 

complemented by a similar decrease in biomass among zones. The bio

mass values should not be used for other than this purpose. 

The lower density of drifting invertebrates in the brushy area 

was reflected in a lower volume of trout stomach contents than in the 
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meadow (Tables 8 and 9). Brook trout in meadow and brushy zones were 

selective feeders on Gammarus and Trichoptera, and also were negatively 

selective for Baetis, Hymenoptera, and adult Diptera (Table 10). The 

importance of adult caddisflies in trout stomachs at Station 3 shows 

that heavy exploitation by trout can easily bias net determinations of 

number of organisms drifting; caddisflies had to be present in the 

drift but none showed up in drift"··samples because they had already 

been eaten. Similar observations were made in the summer of 1971 

concerning an abundance of grasshoppers near the stream and in trout 

stomachs: only a single grasshopper was caught in drift samples. 

Therefore drift densities and trout stomach contents should be 

sampled and interpreted with consideration given to the possibility of 

intensive selection. Earlier studies have also shown a positive 

relationship between terrestrial and aquatic organisms in the drift and 

their utilization by salmonids (Maciolek and Needham, 1952; Elliott, 

1967b; Chaston, 1969; Tusa, 1968; Elliott, 1970; Jenkins, et al, 1970), 

but some studies have also indicated the absence of a positive relation

ship (Chaston, 1969; Elliott, 1970; Tusa, 1969; Mundie, 1971). Differ

ences in results may be due to the occurence of a heavy exploitation 

as noted above, to biases present in technique or interpretation, and 

to positive or negative food selection by the fish. 

Diversity indices were of little practical value in interpreting 

results of individual or monthly pooled drift catches. The many 

variables which determine whether or not a given organism will drift 

(e.g., behavior, life history, light intensity, current, etc.) make 

it quite apparent that a "drift population" does not. exist, and that 

indices of the diversity of such samples are pointless. _Diversity 

indices were usually lower in the meadow than in the brushy zones 
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because one or two types of organisms dominated the drift in the 

meadow. Comparison of the actual numbers of organisms and numbers 

of taxa in the drift among zones is a more efficient and realistic 

method of evaluating drift. 

This study confirmed the hypothesis that drifting invertebrates 

are more abundant in the meadow section of the Little Plover River than 

in the brushy sections. Additional information showed a greater 

abundance of food for detritivores in the meadow and a greater volume 

of stomach contents of trout in the meadow. The.se three factors: 

food for invertebrates, abundance of invertebrates in the drift, and 

volume of trout stomach contents, favorably support the proposal of 

brush removal as a technique for managing small trout streams where 

expected increases in water temperature would not be critical. 

Continuing surveillance of drift is still necessary to verify that 

the abundance of drift organisms will increase in areas cleared of 

brush as they assume the characteristics of the meadow zone. 



48 

LITERATURE CITED 

Allen, K.R. 1951. The Horokiwi Stream, a study of a trout population. 
New Zealand Dept. Fish, Bull. 10. 231 pp. 

Anderson, R.O. 1959. A modified floatation technique for sorting 
bottom fauna samples. ~imnol. and Oceanogr. 4(2): 223-225. 

Brillouin, L. 1956. Science and information theory. Academic Press, 
New York. 320 pp. 

Chaston, I. 1969. Seasonal activity and feeding pattern of brown 
trout (Salmo trutta) in a Dartmoor stream in relation to 
availability of food. J. Fish. Res. Bd. Can. 26: 2165-2171. 

Darnell, R.M. 1964. Organic detritus in relation to secondary 
production in aquatic communities. Verh. int. Verein. theor. 
angew. Limnol. 15: 462-470. 

Denham, S.C. 1938. A limnological investigation of the West Fork and 
Common Branch of White River. Invest. Indiana Lakes and Streams 
1(5): 17-71. 

Egglishaw, H.J. 1964. The distributional relationship between the 
bottom fauna and plant detritus in streams. J. Anim. Ecol. 
33: 463-476. 

Egglishaw, H.J. 1968. The quantitative relationship between bottom 
fauna and plant detritus in streams of different calcium 
concentrations. J. Appl. Ecol. 5: 731-740. 

Egglishaw, H.J. and D.W. MacKay. 1967. A survey of the bottom fauna 
of the streams in the Scottish highlands.- Part III: Seasonal 
changes in the fauna of three streams. Hydrobiologia 30: 305-334. 

Egglishaw, H.J. and P.E. Shackley. 1971. Suspended organic matter in 
fast-flowing streams in Scotland. Freshwater Biology 1: 273-285. 

Elliott, J.M. 1967a. Invertebrate drift in a Dartmoor stream. Arch. 
Hydrobiol. 63: 202-237. 

Elliott, J.M. 1967b. The food of trout (Salmo trutta) in a Dartmoor 
stream. J. Appl. Ecol. 4: 59-71. 

Elliott, J.M. 1970. 
food of trout, 

Diel changes in invertebrate drift and the 
Salmo trutta L. J. Fish. Biol. 2: 161-165. 

Elton, C.S. 1956. Stoneflies (Plecoptera, Nemouridae), a component 
of the aquatic leaf-litter fauna in Wytham Woods, Berkshire. 
Entomologists mon. Mag. 92: 231-236. 

Fisher, S.G. and G.E. Likens. 1972. Stream ecosystem: organic energy 
budget. Bioscience 22(1): 33-35. 



49 

Holt, C.L.R., Jr. 1965. Groundwater resources of Portage County, 
Wisconsin, and the effects of water resource development. U.S. 
Geol. Surv. Water-Supply Paper 1796. 

Howmiller, R.P. 1972. Effects of preservatives on weights of some 
common macrobenthic invertebrates. Trans. Amer. Fish. Soc. 
101: 743-746. 

Hunt, R.L. 1965. Surface-drift insects as trout food in the Brule 
River. Wis. Acad. Sci. Arts & Lett. 54: 51-61. 

Hunt, R.L. 1971. Removal of woody streamside vegetation as a 
technique for managing small trout streams. 1970 Progress 
Report. Wis. Dept. Nat. Res. 25 pp. mimeo. 

Hynes, H.B.N. 1961. The invertebrate fauna of a Welsh mountain 
stream. Arch. Hydrobiol. 57: 344-388. 

Hynes, H.B.N. 1963. Imported organic matter and secondary productivity 
in streams. Proc. XVI Int. Cong. Zool. 4: 324~329. 

Hynes, H.B.N. 1970. The ecology of running waters. Univ. Toronto 
Press, 555 pp. 

Jenkins, T.M., C.R. Feldmeth, and G.V. Elliott. 1970. Feeding of 
rainbow trout (Salmo gairdneri) in relation to abundance of 
drifting invertebrates in a mountain stream. J. Fish. Res. Bd. 
Can. 27 (12): 2356-2361. 

Lennon, R.E. 1941. Drift-borne organisms in Pond Brook, Passaconaway, 
N.H. Univ. N.H. Ext. Serv., Contr. 2, Biol. Inst. 14 pp. 

Leonard, J.W. 1939. Comments on the adequacy ofaccepted stream bottom 
sampling techniques. Trans. N.A. Wild!. Conf. 4: 288-295. 

Maciolek, J.A. and P.R. Needham. 1952. Ecological effects of winter 
conditions on trout and trout foods in Convict Creek, California, 
1951. Trans. Amer. Fish. Soc. 81: 202-217. 

Margalef, R. 1968. Perspectives in ecological theory. Univ. Chicago 
Press, Chicago, Ill. 111 pp. 

Mason, W.T. Jr. and P.P.Yevich. 1967. The use of Phloxine Band 
Rose Bengal stains to facilitate sorting benthic samples. 
Trans. Amer. Microsc. Soc. 86 (2): 221-223. ·· 

Mawson, J.C. and P.J. Godfrey. 1971. Diverse: a Fortran IV program 
to calculate diversity indices of stream bottom organisms. Water 
Resources Research Center Publ. A-211. Univ. Mass., Amherst, Mass. 

Mcintosh, R.P. 1967. An index of diversity and the relation of 
certain concepts to diversity. Ecology 48(3): 392-404. 

Minckley, W.L. 1963. The ecology of a spring stream. Doe Run, 
Meade County, Kentucky. Wildlife Monogr. 11. 124 pp. 



50 

Minshall, G.W. 1965. Community dynamics and economics of a woodland 
springbrook: Morgan's Creek, Meade County, Kentucky. Unpubl. 
pH D dissertation. Univ. Louisville, Louisville, Kentucky 261 pp. 

Minshall, G.W. 1967. Role of allochthonous detritus in the trophic 
structure of a woodland springbrook community. Ecology 48(1): 
139-149. 

Minshall, G.W. 1968. Community dynamics of the benthic fauna in a 
woodland spring brook. Hydrobiologia 32: 305-339. 

Moffett, J.W. 1936. A quantitat~ve study of the bottom fauna in some 
Utah streams variously affeeted by erosion. Bull. Univ. Utah 
Biol. Ser. 26(9): 1-33. 

Muller, K. 1963. Diurnal rhythm in "organic drift" of Gammarus pulex. 
Nature 198: 806-807. 

Mundie, J.H. 1971. The diel drift of Chironomidae in an artificial 
stream and its relation to the diet of coho salmon fry, Oncorhynchus 
kisutch (Walbaum). The Canadian Entomologist 103(3): 289-297. 

Nelson, D.J. and D.C. Scott. 1962. Role of detritus in the productivity 
of a rock-outcrop community in a Piedmont stream. Limnol. 
and Oceanogr. 7: 396-413. 

Nelson, J.M. 1965. A seasonal study of aerial insects close to a 
Moorland stream. J. Anim. Ecol. 34: 573-579. 

Pearson, W.D. and D.R. Franklin. 1968. Some factors affecting drift 
rates of Baetis and Simuliidae in a largeriver. Ecology 

.49: 75-81. 

Pielou, E.C. 1966. The measurement of diversity in different types 
of biological collections. J. Theor. Biol. 13: 137-144. 

Pielou, E.C. 1969. An introduction to mathematical ecology. John 
Wiley & Sons, New York. 

Royce, W.F. 1972. Introduction to the fishery sciences. Academic 
Press, New York 351 pp. 

Simpson, E.H. 1949. Measurement of diversity. Nature 163: 688. 

Slack, K;V., R.C, Averett, P.E. Greeson, and R.G. Lipscomb. 1973. 
Collection and analysis of aquatic biological and microbiological 
samples. Tech. Water-Resources Inv., BK 5, Chapt. 4, USDI. 

Stanford, J.A. 1973. A centrifuge method for determining live weights 
of aquatic insect larvae, with a note on weight loss in preser-
vative. Ecology 51(2): 449-451. . 

Tanaka, H. 1960. On the daily change of the drifting of benthic 
animals in streams, especially . on the types of daily ·change observed 
in taxonomic groups of insects. Bull. Freshwater Fish. Res. Bull. 

. 9: 13. 



51 

Tarzwell, C.M. 1937. Experimental evidence on the values of trout 
stream improvement in Michigan. Trans. Amer. Fish. Soc. 66: 177-187. 

Teal, J.M. 1957. Community metabolism in a temperate cold spring. 
Ecol. Monogr. 27: 283-302. 

Tusa, I. 1968. On the feeding biology of the brown trout (Salmo trutta 
m fario L.) in the Loucka Creek. Zool. Listy 17{4):379-395. 

Tusa, I. 1969. On the feeding biology of the brown trout {Salmo trutta 
m fario L.) in the course of day and night. Zool. Listy 
18{3): 275-284. 

Vannote, R,L. 1969. Detrital consumers in natural systems. In: The 
Stream Ecosystem. Mich. State Univ., Inst. Water Res. Tech. Rept. 7. 

Waters, T.F. 1962a. 
invertebrates. 

Diurnal periodicity in the drift of stream 
Ecology 43(2): 316-320. 

Waters, T.F. 1962b. A method to estimate the production rate of a 
stream bottom invertebrate. Trans. Amer. Fish. Soc. 91{3): 243-250. 

Waters, T.F. 1969. Invertebrate drift - ecology and significance to 
stream fishes. In: T.G. Northcote, ed., Symposium on Salmon and 
Trout in Streams, 121-134. Univ British Columbia, Vancouver, Canada. 

Waters, T.F. 1972. 
of Entomology. 

The drift of stream insects. 
17: 253-272. 

In: Annual Review 

Weeks, E.P., D.W. Erickson, and C.L.R. ltolt, Jr. 1965. Hydrology of 
the Little Plover River Basin, Portage County, Wisconsin, and 
the effects of water resource development. U.S. Geol. Surv. 
Water-Supply Paper 1811. 78 pp. 

White, R.J. and O.M. Brynildson. 1967. Guidelines for management 
of trout stream habitat in Wisconsin. Wis. Dept. Nat. Res., 
Tech. Bull. 39. 65 pp. 

Wilhm, J.L. and T.C. Dorris. 1968. 
quality criteria. Bioscience 

Biological parameters for water 
18 {6): 477-481. 

Woodall, W.R., Jr. and J.B. Wallace. 1972. The benthic fauna in 
four small southern Appalachian streams. Amer •. Mid!. Nat. 
88 (2): 393-407. 



20 

-~ 10 -

0 

·-
·10 

J 

Month 
APPENDIX A. Monthly mean air temperature for 1972 (-o-} and the 1930-1959 mean (~} 

for Stevens Points Portage Countys Wisconsin. 



Appendix B. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average of 
Monthly Means 

53 

Monthly mean water temperatures (°C) at three recording 
sites in the Little Plover River during 1972.* 

Upper Meadow Boundary Lower Brushy 
(Zone 1) (Zones 2-3) (Zone 3) 

0.89 0.56 0.67 

1.94 2.56 1.94 

5.11 4.56 3.61 

6.22 5.22 7.78 

11.50 11.61 13.28 

13.22 13.33 14.00 

13.72 15.33 13.78 

13.50 13.89 13.39 

11.00 11.33 10.78 

5.78 7.00 7.06 

3.33 4.44 3.67 

0.61 1.00 1. 78 

7.22 7.50 7.56 

* Data from Robert L. Hunt: Wisconsin Department of Natural Resources 



Appendix Cl. Monthly occurrence of drifting aquatic organisms at Stations 1, 2, and 3 in the Little 
Plover River during 1972. 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 Jul 24 Aug 22 Spt 22 Oct 25 Dec 08 

AMPHIPODA 
Q. pseudolimnaeus 123 12 123 123 12 123 123 12 123 123 

EPHEMEROPTERA 
Baetis 3 123 123 123 123 123 13 
Paraleptophlebia 23 2 123 123 
Ephemerella 12 23 23 23 2 123 
Stenonema 23 13 3 
Heptageniidae spp. 3 1 3 1 

TRICOPTERA 1.11 
~ 

Brachycentrus 2 23 13 23 123 23 123 123 2 2 
Cheumatopsyche 12 123 123 2 123 13 23 13 123 
Hydropsyche 1 2 1 123 1 1 
Pycnopsyche 12 123 3 23 
Hydatophylax 1 3 
Platycentropus 123 123 3 1 
Limnephi1idae spp. 2 1 12 1 123 12 123 1 123 
Lepidostoma 123 123 23 123 123 123 3 12 12 12 
Leptoceridae spp. 1 1 
Moll anna 3 3 
Unidentified 2 12 123 3 2 123 13 1 23 

PLECOPTERA 
Isoperla· 13 23 3 23 
Unidentified 12 

HEMIPTERA 
Corixidae 1 12 2 123 1 1 1 
Nepidae 2 
Gerridae 3 3 1 1 
Unidentified 12 3 2 12 123 23 12 1 



Appendix Cl (Continued) 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 Jul 24 Aug 22 Spt 22 . Oct 25 Dec 08 

COLEOPTERA 
Dytiscidae 12 123 12 1 12 1 12 
E1midae 123 123 123 123 123 123 12 
Gyrinidae 13 
Haliplidae 12 123 13 123 1 
Hydraenidae 1 
Hydrophilidae 1 1 1 2 1 
Psephenidae 2 
Unidentified 1 1 3 2 123 123 1 

ODONATA 2 3 

DIPTERA V1 
VI 

Ceratopogonidae 13 
Chironomidae 123 123 123 123 123 123 123 123 123 123 
Culicidae 1 1 
Empididae 1 
Psychodidae 1 3 1 12 
Ptychopteridae 1 
Simuliidae 123 123 123 123 123 1 
Stratiomyidae 1 1 
Dixidae 1 
Ephydridae 1 1 
Rhagionidae 3 3 
Tabanidae 2 
Tipulidae 13 1 13 1 
Unidentified 123 1 123 123 123 123 123 123 123 1 

COPEPODA 123 1 1 123 

GASTROPODA 1 23 12 123 123 123 2 2 

PELECYPODA 3 2 2 1 23 12 12 123 



Appendix C1 {Continued) 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 Ju1 24 Aug 22 Spt 22 Oct 25 Dec 08 

NEMATODA 23 123 1 23 

OLIGOCHAETA 123 1 1 

HIRUDINEA 1 

MEGALOPTERA 1 1 

COELENTERATA 3 123 123 123 123 1 1 1 

HYDRACARINA 13 

VI 
0\ 



Appendix C2. Monthly occurrence of drifting terrestrial invertebrates at Stations 1, 2, and 3 in the 
Little Plover River during 1972. 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 Jul 24 Aug 22 Spt 22 Oct 25 Dec 08 

COLEOPTERA 
Staphylinidae 1 2 123 123 1 1 12 
Cerambycidae 1 
Chrysomelidae 3 13 23 
Lyctidae 3 
Omophronidae 12 
Pyrochroidae 123 13 
Coccinellidae 1 
Tenebrionidae 1 
Nitidulidae 2 
Elateridae 13 

VI 
-...J 

Scolytidae 2 123 
Curculionidae 23 13 23 12 
Carabidae 2 1 1 
Scarabacidae 2 
Mordellidae 3 1 
Lampyridae 1 13 
Unidentified 13 3 1 

HEMIPTERA 
Aphididae 2 123 123 123 123 123 12 13 
Cercopidae 2 2 
Cicadellidae 123 123 12 123 23 2 
Lygaeidae 12 123 
Tingidae 1 1 
Anthoceridae 2 
Unidentified 2 23 123 

EPHEMEROPTERA (Adults) 123 2 2 2 2 

TRICOPTERA (Adults) 123 123 



Appendix C2 (Continued) 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 Jul 24 Aug 22 Spt 22 Oct 25 Dec 08 

DIPTERA (Adults) 
Calliphoridae 2 
Cecidomyiidae 3 
Culicidae 1 1 
Mycetophilidae 3 2 
Phoridae 23 3 
Psychodidae 13 
Sciaridae 2 
Tachinidae 23 2 2 
Tephritidae 3 
Unidentified 1 12 123 123 123 123 2 1 

HYMENOPTERA \J1 
00 

Cynipidae 3 
Formicidae 12 123 123 123 123 1 12 1 
Halictidae 1 
Ichneumonidae 1 
Sphecidae 1 
Tenthredinidae 3 1 
Unidentified 2 123 123 123 13 2 3 

LEPIDOPTERA 23 

THYSANOPTERA 3 1 2 

ORTHOPTERA 2 

NEUROPTERA 1 

MECOPTERA 3 

SIPHONAPTERA 2 



Appendix C2 (Continued) 

Jan 22 Mar 17 Apr 25 May 31 Jun 28 .Ju1 24 Aug 22 Spt 22 OCt 25 Dec 08 

COL;LEMBOLA 12 13 13 123 123 123 12 1 12 

OLIGOCHAETA 1 

NEMA.TOMORPHA 2 

ARACHNIDA 
Araneae 1 1 12 23 123 123 123 
Acarina 12 123 2 123 123 123 12 
Pseudoscorpionida 1 

DIPLOPODA 23 
Vt 
\0 

ISOPODA 3 

UNIDENTIFIED 123 123 123 123 3 2 



Appendix D. 

Dates Station 

Jan 1 
22 2 

3 

Mar 1 
17 2 

3 

Apr 1 
25 2 

3 

May 1 
31 2 

3 

Jun 1 
28 2 

3 

Jul 1 
24 2 

3 

Aug 1 
22 2 

3 

Sept 1 
22 2 

3 

Oct 1 
25 2 

3 

Dec 1 
08 2 

3 

Totals 1 
2 
3 

60 

Number of samples taken, volume of water sampled, and 
density of organisms and detritus in drift at stations 
1, 2, and 3 on the Little Plover River during 1972. 

% of drift m3ftotal Mean II Mean grams 
//Samples which was II samples individuals detritus 

terrestrial per 100 m3 per 100 m3 

4 9.0. 100.8 132.8 19.1 
4 5.1 104.8 56.4 23.3 
4 12.5 82.7 19.3 7.4 

3 6.2 23.7 63.3 6.9 
5 4.6 38.6 54.3 7.5 
6 17.2 38.3 80.9 13.0 

9 5.1 137.6 419.2 23.8 
10 17.2 174.7 104.7 8.0 

9 8.5 133.1 97.7 26.8 

17 7.8 154.2 534.7 39.0 
20 13.1 211.7 409.4 27.2 
19 12.2 188.3 139.1 19.2 

14 25.0 105.8 739.5 57.4 
20 30.2 161.3 485.9 13.0 
15 57.0 95.8 352.8 9.0 

14 15.0 108.2 252.2 15.2 
19 67.1 166.0 126.7 13.2 
16 51.4 94.1 153.0 5.9 

13 6.1 134.6 2064.9 70.4 
16 14.5 206.2 638.9 23.0 
14 29.1 121.2 193.8 20.2 

4 9.2 52.4 541.6 20.5 
6 36.1 67.5 296.0 7.0 
4 50.0 40.3 89.3 6.4 

4 6.3 75.9 277.7 8.2 
2 18.2 43.0 153.4 10.0 
4 18.2 75.9 23.7 6.2 

7 8.0 85.8 173.5 18.3 
13 2.0 200.9 72.1 4.7 

8 1.3 114.2 56.0 12.3 

89 979.2 
115 1374.8 

99 983.9 



Appendix E. Diversity indices for monthly drift samples at Stations 1, 2, and 3 on the Little Plover 
River during 1972. 

Date Station II Samples H HMAX H/HMAX DSQ VARDSQ DELTA EVDELTA 

Jan 1 4 2.013 2.665 .758 .846 .00035 .600 .785 
22 2 4 1.966 2.240 .877 .885 .00030 .640 .885 

3 4 1. 371 1.492 .918 .866 .00134 .566 .911 

Mar 1 3 1.337 1.481 .902 .857 .00284 .552 .888 
17 2 5 1.436 1.797 .799 .809 .00587 .521 .762 

3 6 1.673 1.905 .878 .870 .00074 .603 .882 

Apr 1 9 1.442 3.188 .452 .641 .00031 .400 .495 
25 2 10 2.031 3.007 .675 .792 .00071 .539 .670 

3 9 2.422 2.989 .810 .901 .00023 .675 .833 

May 1 17 1.842 3.281 .561 .784 .00005 .534 .656 "' .... 
31 2 20 2.336 3.533 .661 .869 .00003 .637 .760 

3 19 2.111 3.097 .681 .832 .00019 .587 .727 

Jun 1 14 2.205 3.593 .613 .825 .00008 .580 .687 
28 2 20 2.127 3.475 .612 .838 .00003 .597 .716 

3 15 2.267 3.352 .676 .• 831 .00023 .587 .706 

Jul · 1 14 1.945 3.308 .640 .805 .00022 .555 .694 
24 2 19 2.028 3.119 .650 .761 .00085 .508 .624 

3 16 1.903 2. 711 .702 .805 .00054 .552 .716 

Aug 1 8 .931 3.134 .297 .348 .00082 .192 .239 
before 2 10 2.154 3.050 .706 .818 .00058 .569 .704 
flooding 3 9 2.105 2. 774 .759 .865 .00041 .620 .784 

Aug 1 5 .671 3.686 .183 .209 .00013 .111 .131 
during 2 6 .378 2.898 .130 .132 .00019 .068 .088 
flooding 3 5 1.675 . 2. 633 .636 .760 .00067 .503 .659 



-continued 

Date Station II Samples H HMAX 

Aug 1 13 .749 3.861 
22 2 16 .802 3.563 

combin. 3 14 2.315 3.225 

Sept 1 4 1.412 2.971 
22 2 6 1.653 2. 716 

3 4 1. 702 2.070 

Oct 1 4 1.062 2.855 
25 2 2 1.616 2.321 

3 4 1.396 1.741 

Dec 1 7 1.814 2.937 
08 2 13 1.847 2.669 

3 8 1.335 2.199 

H = Information Theory Index 
= (1/N) log [N!/(Nl!N2_• •• Ni!)] 

HMAX = 'evenness' of H 

= 1/N Log [N!/(([N/S]!)s-r (([N/S] = l)!)r)J 

DSQ = Simpson's Index 
s 

= 1- E Ni(Ni-1)/N(N-1) 
i=l 

VARDSQ =Variance of Simpson's Index 

H/HMAX DSQ VARDSQ DELTA 

.194 .234 .00012 .124 

.225 .274 .00027 .148 

.717 .873 .00014 .638 

.475 .540 .00129 .320 

.608 .741 .00057 .487 

.822 .853 .00118 .587 

.372 .408 .00190 .229 

.696 .758 .00214 .497 

.802 .810 .00789 .515 

.617 .716 .00151 .462 

.691 • 777 .00082 .522 

.607 .634 .00437 .387 

s 
VARDSQ = 4/N E 

i=l 

DELTA= Mcintosh's Index 

EVDELTA = 'EVENNESS' of Delta 

s 2 ! f 
= (N-(E Ni ) )/(n-N/S ) 

i=l 

EVDELTA 

.145 

.177 

.773 

.405 

.638 

.826 

.293 

.678 

.754 

.578 

.683 

.544 

where S = Number of Species, N = Number of Individuals 
[N/S] = the integer part of N/S, and r is the remainder 

of N/S 

0'1 
N 
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I would like to dedicate the following poem to the individual who 
undertakes the follow-up investigation of the Little Plover River 
drift. This poem was modified from Robert Graves' "Warning to 
Children" not too long after I started working on the Little Plover. 

WARNING TO STUDENTS 

Students, if you dare to think 
of the greatness, rareness, muchness, 
Fewness of this precious only 
Endless drift of which you want 
To learn, you think of things like this: 

Rows of trees enclosing shaded 
Brown and green, enclosing dirty 
Yellowed nets, enclosing white 
And blue acres of reflection, 
Where a small scud goes drifting, 
Curious, you look in closer. 
With the scud a notonectid, 
Hydra, Baetis, fly are there, 
On the side a tiny sand case. 
Gather these and store them well: 
In your sorting you will see 
Rows of trees enclosing shaded 
Brown and green, enclosing dirty 
Yellowed nets, enclosing white 
And blue acres of reflection, 
Where the same small scud goes drifting 
Student, leave the bugs alone! 
For who dares disturb the river 
Finds himself at once within it, 
Of the bottom, trapped in net, 
Grains of sand about his head, 
Finds himself enclosed by shaded 
Brown and green, enclosed by dirty 
Yellowed nets, enclosed by white 
And blue acres of reflection, 
Where the same small scud goes drifting, 
Still unknown within his hands. 
And, if he then should dare to think 
Of the fewness, muchness, rareness, 
Greatness of this endless only 
Precious drift of which he says 
He knows - he then will grab his net. 


