
~-t1O 439 VERTICAL HORIZONTAL AMD DIEL DISTRIBUTION OF v/1
INVERTEBRATE DRIFT IN THE LO..(U) RMY ENGINEER
INITERNAYS EXPERIMENT STATION VICKSBURG HS ENYIR.

UNCLASSIFIED D C BECKETT ET AL. MAR 87 WESTR/E-97-5 F/0 fi/3 Uj.

*mE*E*EE@mohI



11111.2 1.1

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963.A

-o -- P lw 4- -V W -amp, 1W W SW __W w



coS

lull All

1 w 1 w 1 w .
% ii % -- --



Unclassified

SECURITY CLASSIFcATION OF THIS PAGE A-A
Form Approved

REPORT DOCUMENTATION PAGE OMePo 070.01U
1Exp Date JI 1O,"96

14uREPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGSUnclsfied

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION 1AVAILABILITY OF REPORTApproved for public release; distribution

2b. DECLASSIFICATION /DOWNGRADING SCHEDULE unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)

Technical Report E-87-5

U. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION

USAEWES (If applicable)

Environmental Laboratory WESEP-W
Sc. ADDRESS (GIty, State, and ZIPCode) 7b ADDRESS (City, State, and ZIP Code)

PO Box 631
Vicksburg, MS 39180-0631

B1a. NAME OF FUNDINGISPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

US Army Corps of Engineers
Sc. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT ITASK WORK UNIT

Washington, DC 20314-1000 ELEMENT NO NO NO ACCESSION NO

11. TITLE Onclude Security Classification)
Vertical, Horizontal, and Diel Distribution of Invertebrate Drift in the Lower
Mississippi River
12 PERSONAL AUTHOR(S)

Beckett, David C., and Kasul. Richard L.
13a. TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (YearMonth,Day) 1S PAGE COUNT

Final report FROM - TO _ March 1987 1 4
16. SUPPLEMENTARY NOTATION
Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161.

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Freshwater invertehrates--Mississippi River (LC)

Invertebrate populations--Mississippi River (LC)
Mississippi River (LC)

19. ABSTRACT (Continue on reverse if necessary and identify by block number) IU "
Lower Mississippi River macroinvertebrate drift densities and composition were deter- e

mined at 3-hr intervals over 24-hr periods in mid-May and early June 1982. Samples were
taken at the surface, middepth, and near the bottom at a nearshore sampling station and at
the surface and middepth at a sampling station near the navigation channel. The overall
mean drift density equaled 35.0 invertebrats/1009 of water. Overall, Chaoborus larvae
were the most common invertebrates collected, followed, respectively, by chironomid pupae, S
Hydra sp., Hdropsyche orris, and Hexagenia sp. - e C,- 4 S a V'4 -

Chaoborus larvae did not exhibit increased drift nocturnally, but did show signifi-
cantly higher densities at the nearshore station. Hexagenia was significantly more abun-
dant both at the nearshore station and in the nighttime sampling. Hydropsyche orrie,
Hexagenia, and chironomid pupae were not uniformly distributed at the river's various

(Continued) -,

20ISTRIBUTION /AVAILABILITY OF ABSTRACT 2ASTRACTfSECURITY CLASSIFICATION

uNCLASSIFIEDIUNLIMITED 0 SAME AS RPT Ej DTIC USERS I ncassfied

22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) I 22c OFFICE SYMBOL

DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted SECURiTY CLASSIFICATION OF THIS PAGE
All other edtions are obsolete

UnclassifiedA4 :



19. ABSTRACT (Continued).

pthso being present in greater densities in the middepth and/or bottom samples than at
the surface. It is apparent that the use of only surface nets could seriously underesti-
ate the actual drift densities of these taxa.

A number of unusual mayfly taxa were collected, including Spinadia walZacei,
Peudieron op., and Anepeorus op. A diverse assemblage of naidid worms was also present in
the drift, with Savina appendicuZata, Naie cowmuni8, and Wapsa mobiiB, respectively,
being present in the largest numbers.

- ;The abundances of various taxa in the Lower Mississippi River's drift seem to change
markedly on a site-to-site basis, as a function of the physical characteristics of the
river and its substrates in a certain area. This site-to-site heterogeneity, coupled with
the lack of lateral homogeneity and the definite diel periodicity exhibited by some tax,
provides evidence that, even in an immense river such as the Mississippi, many of the
organisms drift as they do in smal streams, traveling relatively short distances with
total movement rather saltatory.,,- ; A¢%4 ,*

Since the total number of drifting invertebrates in the system is a product of drift
densities times river discharge, and the Lower Mississippi River has the largest discharge
of any North American river, a very high number of macroinvertebrates drift down the river
over even short time intervals. Over 24-hr periods in May and in June, approximately
405 million and 479 million macroinvertebrates, respectively, drifted past a transverse
plane across the river through the sampling points. These large numbers of drifting inver-
tebrates serve as a potential food source for fishes, as well as being potential colonizers
of the river's substrates.

AeeJu tIolosYTIS &&
DTIC TAB
Iham~ounaed

Distrlbutlon/

Avalabillty Codes

NS
.n~1n4 f 4mA

sEcuavv cu.Aswp' CAI5 ep TS6 Pas

1W - .2 , , ,, . .W -W.a .a Z, W __W



PREFACE

This study was sponsored by the Office, Chief of Engineers (OCE),

US Army, under the Environmental and Water Quality Operational Stud-
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of drifting aquatic macroinvertebrates in a dike field and in the navi-

gational channel of the Lower Mississippi River. Macroinvertebrates

were collected on 19-21 May 1982 and 1-3 June 1982 at river

kilometre 818.7.

This report was prepared by Dr. David C. Beckett and Mr. Rich-
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and Director of WES is COL Dwayne G. Lee, CE. Technical Director was
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This report should be cited as follows:

Beckett, D. C., and Kasul, R. L. 1987. "Vertical, Horizontal, -,

and Die1 Distribution of Invertebrate Drift in the Lower
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Waterways Experiment Station, Vicksburg, Miss.
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VERTICAL, HORIZONTAL, AND DIEL DISTRIBUTION OF INVERTEBRATE

DRIFT IN THE LOWER MISSISSIPPI RIVER

PART I: INTRODUCTION

Background

1. This study was conducted as part of the Environmental and

Water Quality Operational Studies (EUQOS) Program, sponsored by the

Office, Chief of Engineers, and managed by the US Army Engineer Water-

ways Experiment Station. Historically, the US Army Corps of Engineers

hat been deeply involved in the use and development of large rivers as

navigable waterways. As a consequence of this involvement, the EWQOS

Waterway Field Studies were initiated to perform ecological studies on a

number of these large rivers. A principal objective of the EWQOS Water-

way Field Studies was to provide data on how control structures for

channel alignment, channel straightening, and bank stabilization affect

waterway ecology. Such river control structures are found in navigable

rivers in various parts of the United States, and are especially comon

in the Mississippi River and its tributaries.

Previous Lower Mississippi River Drift Studies

2. Invertebrate drift, or downstream transport of invertebrates,

is a natural phenomenon that occurs across the whole range of lotic

freshwater habitats. However, the study of invertebrate drift has been

limited, for the most part, to small streams, because of the difficul- -.

ties involved in sampling large, deep rivers (Wefring and Hopwood 1981).

Consequently, little is known about the nature of drift in large rivers

(Wefring and Hopwood 1981). Three previous Lower Mississippi River

drift studies (Obi 1978; Bingham, Cobb, and Magoun 1980; Bowles 1985)

yielded interesting information regarding this river's invertebrate

drift. For example, Bingham, Cobb, and Magoun's (1980) EWQOS-sponsored
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study, conducted Just 32 km north of the present study's sampling area,

resulted in the collection of 80 distinct taxa with an average total

drift density, over all sampling times, of 140 Invertebrates/100 m3 of

water. All three of these previous studies were limited, however, by

the use of only surface tows, and the collection of samples only during

the daytime (Bowles 1985) or at times separated by relatively lengthy

time intervals (4 to 6 hr) (Obi 1978; Bingham, Cobb, and Magoun 1980).

Present Study Objectives

3. In the 1982 study reported herein, samples were taken over

24 hr with the time interval between samplings reduced to 3 hr; drift

nets were simultaneously deployed at the surface, middle, and bottom of

the water column; sampling took place both within a dike field and near

the navigation channel; and samples were taken during two periods,

mid-May and early June. The study had four objectives: (a) to

determine the composition of macroinvertebrate drift in the Lower Mis-

sissippi River and to ascertain the numerically dominant species; (b) to

determine macroinvertebrate drift densities, both for the individual

species and for the total number of drifting macroinvertebrates; (c) to

find if differences in composition or density occur vertically (surface,

middepth, bottom), horizontally (in the dike field versus near the

navigation channel), on a diel basis, or temporally (May versus June);

and (d) to compare the results of this study with previous drift

investigations conducted in the Lower Mississippi River and in other

large North American rivers.
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PART II: DESCRIPTION OF STUDY AREA AND METHODS

Lower Mississippi River Study Area

4. The Lower Mississippi River is a massive nlluvial river and is

North America's largest river (by discharge). Recorded discharges at

Vicksburg,* Miss., have ranged from 2,700 mS/sec at extremely low river

stages to 64,500 ms/sec during the 1927 flood. Main channel water

velocity is usually between 1 and 2 m/sec with a maximum recorded veloc-

ity of 5 m/sec (Mississippi River Commission 1977). The river's present-

day floodplain (3 to 10 km wide) is laterally confined by main-line

levees constructed by the US Army Corps of Engineers. During the year

of this study (1982), river stage had a range of 9.7 m (Figure 1).**

5. This study was conducted in the Lower Cracraft Dike Field area

(river kilometres 815.0-822.2 - river miles 506.4-510.9) (Figure 2),

located in the Lower Mississippi River, ca. 48 river kilometres down-

stream of Greenville, Miss. Lower Cracraft Dike Field has three stone

dikes which extend perpendicularly from the bank toward the main

channel. These dikes, constructed by the Corps of Engineers, help main-

tain the navigation channel by restricting secondary flow and directing

it into the main channel.

6. As in the case of most Lower Mississippi River dike fields,

extensive sand and gravel bars, called middle bars, occur between suc-

ceeding dikes and downstream of the last dike (Figure 2). These middle

bars, the main axis of which is parallel to the main channel flow, iso-

late extensive pools from main channel flow during low-discharge peri-

ods, confining the dike field pools between the dikes, the riverbank,

and the middle bars. At higher river stages the middle bars and the

stone dikes are underwater, and current velocities in the dike field

areas approach those of the main channel. During the May and June drift

* A major gauging location situated ca. 120 km downstream of the study

area.
** As measured at the Greenville, Miss., gauge.
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Figure 1. Lover Mississippi River stage readings for 1982, taken at
Greenville. Drift sampling periods are indicated by the arrows along

the hydrograph

sampling, the river was at moderate river stages (Figure 1). Parts of

the middle bars were emergent, as shown in Figure 2; however, all three

stone dikes were completely submerged at these times. Drift samples

were taken at two locations, both near river kilometre 818.7 (ca. river

mile 508.8, Figure 2). The inshore station was located between the

riverbank and middle bar, slightly downstream from the third dike struc-

ture. The offshore station was located on the main channel side of the

middle bar, near the edge of the navigation channel.

7. Current velocity at the offshore station equaled 70 cm/sec

during the May sampling and 85 cu/sec during the June sampling. The

lshore station, with its location nearer the riverbank, downstream of

the submerged third dike, and inside the middle bar, had lesser current

velocities, equal to 18 cm/sec in Nay and 30 cm/sec during the June sam-

pling. Water temperature was 22.5* C at both stations during the May

sampling and 24.3* C at both stations during the June sampling.
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Sampling Methods

8. Macroinvertebrates were collected from a boat using conical

nets with a mesh of 505 uzm and an opening (mouth) diameter of 0.5 m.

The boat was tethered to an anchored buoy during the drift collections.

A General Oceanics digital flowmeter was suspended in the center of the

mouth of each net so that the volume of water filtered could be estima-

ted for each sample. A General Oceanics serial opening-and-closing

apparatus was used along with nets at the surface (actually, 1 m below

the surface), middepth, and bottom (I m above the river bottom) (Fig-

ure 3, Table 1). The nets were all lowered in a closed position, then

simultaneously opened (to begin collecting the samples) via a messenger

and a double-trip mechanism. After a predetermined elapsed time (based

on current velocity to achieve similar volumes of water sampled), the

collection period was ended by closing all the nets via a second mes-

senger and double-trip mechanism. The nets were then raised to the

surface and the samples poured Into plastic containers for return to the

laboratory.

Table 1

Depths of Drift Samples and Depths of the River Bottom (m)

at Sampling Sitps in Lower Cracraft Dike Field, Lower

Mississippi River, 19-21 May and 1-3 June 1982

May June

Inshore Offshore Inshore Offshore

Surface net 1.0 1.0 1.0 1.0

Middepth net 4.6 2.9 4.6 2.5

Bottom net 8.2 * 9.1 *

River bottom 9.1 5.8 10.1 6.1

* No samples; offshore bottom net consistently failed to operate

correctly.
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9. Immediately after one set of samples (surface, middepth, and

bottom) was processed, the sampling apparatus was rerigged and rede-

ployed. Therefore two sets of samples, one set taken slightly after the

other, were collected for a given location and time period (see

Table 2). In both May and June, the drift samples were collected first

at the inshore station, then at the offshore station 24 hr later

(Table 2).

10. The duration of sample collection was dependent on current

velocities in the sampling area, and was adjusted so that approximately

70 to 80 ms of water was filtered per sample. A sampling duration of

20 min was employed at the inshore station in May with a 5-mmn period at

the offshore station; an li-mn, 20-sec period was used at the inshore

station in June, whereas a 4-mn, 15-sec sampling period was used at the

offshore station. The depths at which the samples were taken, as well

as the bottom depths at the sampling sites at the time of sample collec-

tion, are listed in Table 1. Although samples were successfully col-

lected at all three depth levels (surface, middepth, and bottom) at the

inshore station, high amounts of suspended silt and sand particles con-

sistently fouled the trip mechanism and prevented the main channel (off-

shore) bottom net from operating correctly. Results from the main

channel are therefore limited to the surface and middepth samples.

Analytical Methods

11. Terrestrial insects (fall-ins), terrestrial adults of aquatic

insects, and zooplankton (cladocerans and copepods) were not included in

the counts of drifting organisms. In those cases where both the family _

and species levels are listed in the taxa collected (Table 3, e.g.

Hydropsychidae, Hydropsyohe orris, and Potamyia flava), those individ-

uals counted within the family listing indicate very small, immature

organisms which could be identified only to family. The counts of

invertebrates per sample were standardized to number of invertebrates/

100 ms of water filtered, using the individual flowmeter readings to

10
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determine the volume of water sampled. Day and night drift densities,

summarized for each of the two sampling periods and the two sampling

stations (Table 3), were determined by averaging the drift densities

from samples taken at all depths (surface, middepth, and bottom at the

inshore station; surface and middepth at the offshore station).

12. The Wilcoxon Rank Sum Test (Remington and Schork 1970) (also

called Wilcoxon's two-sample test) was used to compare drift densities

by date, i.e., Nay versus June, and by time of day, i.e., day versus

night, for the more commonly collected taxa (Table 4). These compari-

sons of differences by date or by time of day were done separately for

the inshore and offshore station collections (Table 4). The numbers

used In making these comparisons were generated by determining a mean

water column density per set of samples (equal to (Si + Mi + B1)/3 for

inshore samples and (S + Mi)/2 for offshore samples, where Si , Mi

and 3 equal the density of drifting organisms collected at the

surface, middepth, and bottom, respectively, of the water column).

13. Comparisons of drift densities by position, i.e., the inshore

station versus the offshore station, were also performed using the

Wilcoxon Rank Sun Test. Numbers used in making this comparison were

again generated by determining a mean water column density per set of

samples. However, because only surface and middepth sample results were

available for the offshore station, only the results from the surface

and middepth samples at the inshore station were used in making this

comparison. These comparisons of differences by position were done

separately for the Nay and June sampling periods for those taxa that had

shown significantly higher drift densities in one of the two sampling

periods (see paragraph 12 and Table 4). Similarly, those taxa that had

shown significant differences in day/night drift densities (Table 4) had

separate analyses performed, i.e., densities at inshore and offshore

were compared for just the day samples, and then densities were compared

for just the night samples. Those taxa that showed significant differ-

ences both by date and by time of day (Table 4) were analyzed for posi-

tional differences in both ways, i.e., by first analyzing the results
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for May separately from June, then reexamining the data holding day

results separately from the night results.

14. Comparisons of drift densities by depths were performed using

the Friedman Two-Way Analysis of Variance by Ranks (Siegel 1956). The

data were examined for density differences at the various depths for the

four combinations of dates and positions (May inshore, May offshore,

June inshore, June offshore) (Table 4). The data were then reorganized

for an analysis of density differences at the various depths looking at

the four combinations of time of day (day, night) and position (inshore,

offshore) (Table 4).
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PART III: RESULTS

15. Mean drift densities over the eight combinations of dates o
(May/June), time of day (day/night), and position (inshore/offshore)

ranged from 21.74 to 70.01 macroinvertebrates/100 m3 (Table 3), with an

overall mean of 35.0 macroinvertebrates/100 m3 . The total drift density

(all macroinvertebrates combined) at the inshore station was signifi-

cantly higher in May than it was in June (Table 4). In addition, in May

total drift densities were significantly higher at the inshore station

than at the offshore station (Table 4).

16. Larval Chaoborus sp. (Diptera:Chaoboridae) was the most com-

monly collected taxon in the study, making up 16 percent of the total

number of invertebrates collected. Chaoborus larvae were much more

abundant in the drift in May than in June at both of the sampling

stations. Day and night larval Chaoborus densities at the inshore sta-

tion in May averaged approximately 12 times those of the June inshore

densities, whereas densities at the offshore station in May were about

6 times those of the densities at the same location in June (Table 3).

Inshore drift densities of Chaoborus were significantly greater than

offshore densities during May when Chaoborus numbers were generally high

at both stations (Table 4). Although Chaoborus larvae generally exhibit

an upward nocturnal migration, moving from the sediments to near the

surface of the water column (Pennak 1978), there was very little differ-

ence in day versus night drift densities during this study (Table 3).

In addition, there were no significant differences among drift densities

at the various sample depths for Chaoborus larvae.

17. Chcoborus pupae were also commonly found in the drift and

were the sixth most abundant taxon collected. Chaoborus pupae showed a

drift distribution pattern similar to that of Chaoborus larvae: pupae

showed greater numbers in the May drift than in June; greater densities

in inshore samples than offshore samples in May; very little difference

between day and night densities; and no significant differences among

bottom, middepth, and surface collections (Tables 3 and 4). Another

group of dipterans, chironomid pupae, were also quite common in the

20
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drift, comprising 15 percent of the total number of macroinvertebrates

collected. Unlike Chaoborus larvae and pupae, chironomid pupae were

significantly more abundant at night than during the day at the inshore

station and were also consistently (and significantly) more abundant in

the deeper samples than those taken near the surface.

18. The stalked coelenterate, Hydra sp., was the third most com-

mon taxon collected in this study, with densities especially high in the

May inshore night samples (x = 21.9 individuals/100 m 3). At the inshore

station in May, when Hydra were most common in the drift, numbers were

significantly greater at night than during the day, and drift densities

were higher at the greater depths (Table 4).

19. Hydropsychid caddisfly larvae made up 12.6 percent of the

total drift numbers and were represented by two species, H. orris and

P. flava, which were the fourth and eighth most common taxa, respec-

tively, collected in the study. The first and second instar hydropsy-

chid larvae, which could not be identified to species but undoubtedly

consisted of a mixture of H. orris and P. flava larvae, were also com-

monly present in the drift (Table 3). Both H. orris and P. fZava were

significantly more abundant in the June collections than the May col-

lections (Table 4). In addition, H. orris was not uniformly distributed

at the river's various depths; greater numbers were present in the bot-

tom and middepth samples than at the surface (Table 4).

20. The two most common mayfly species in the drift, Hexa-

genia sp. (Hexagenia sp. as discussed here refers to 11. limbata and/or

H. bilineata; characters used to differentiate these two species at the

nymphal stage have proved to be unreliable according to Edmunds, Jensen,

and Berner 1976) and Ctenonema integrum, were both significantly more 0

abundant in the nighttime samples than in the daytime samples at the ,,

inshore station (Tables 3 and 4). Drift density counts of Hexagenia

exceeded 10 individuals/100 m for five samples (total n = 160). All

five samples came from middepth or bottom nets taken inshore at night.

21. Naidid worms have, unfortunately, often been grouped together

in drift studies, being identified only to family. Our study showed a

diverse collection of naidids to be present in the drift, with 12
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species represented (Table 3). Slavina appendiculata was the most

commn naidid, followed by Nais communis and Wapsa mobilis. A diverse

assemblage of chironomid larvae was also present in the drift, with 22

species collected. Chironomus sp. was the most abundant species,

followed by Procladius sp. and Ablabesmyia annulata. The collection of

relatively large numbers of A. annulata in the drift was particularly

interesting since this species had been collected only very infrequently .

in Lower Mississippi River embenthic (Beckett, Bingham, and Sanders

1983) and epibenthic (Mathis, Bingham, and Sanders 1982) studies.

22. Three predaceous mayfly species were also collected in the

drift nets: Spinadis wallacei, Pseudiron sp., and Anepeorus sp. All

three species are rather uncommon and have been collected only very

infrequently (Edmunds, Jensen, and Berner 1976). Two stonefly species

were collected: Perlesta placida and Isoperla bilineata. Perlesta

pZacida was relatively abundant in the drift and was, overall, the

twelfth most commonly collected taxon (Table 3).

23. Since the two sampling stations (positions) formed a line

perpendicular to the river's flow (Figure 2), it was possible to esti-

mate the total number of macroinvertebrates drifting in a 24-hr period

past an imaginary cross-sectional plane cutting across the Lower Missis-

sippi River. We used the eight mean drift densities presented in

Table 3 (which took into account the samples from all depths) and known

river discharges provided by the US Army Corps of Engineers, and multi-

plied by factors to reflect the contributions of day (14-hr) and night

(10 hr), the cross-sectional area inside the middle bar (inshore) and in

the navigation channel (offshore), and the relative current speeds in

the two sampling positions. It was estimated that approximately

405 million macroinvertebrates drifted past the cross-sectional plane

across the river at the study sampling line in a 24-hr period during the

May sampling. Similarly, in June, approximately 479 million macroinver-

tebrates drifted past this point in the river in a 24-hr period.
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PART IV: DISCUSSION

24. The most abundant taxa in our study, Chaoborus larvae and

pupae, chironomid larvae and pupae, Hydra sp., hydropsychid caddisflies

(H. orris and P. flava), and the mayfly Hexagenia have also been found

to dominate drift collections in other studies of large North American

rivers. In an April-August 1977 drift study of the Lower Mississippi

River at river kilometre 429 (ca. 390 km downstream of our study site),

Obi (1978) found, as we did, that Chaoborus larvae were the most

abundant of the macroinvertebrate taxa in the drift. Chironomid pupae

were the second most commonly collected taxon in Obi's study, with Hydra

(fifth most common) and hydropsychid caddisflies (H. orris - sixth, P.

flava - seventh) also abundant. Hydropsyche orris, Hydra, P. flava, and

Chaoborus sp. were the most abundant taxa, respectively, in a June 1978 r

Lower Mississippi River drift study conducted at a point 32.5 km

upstream of our study site (Bingham, Cobb, and Magoun 1980).

25. In an April-October 1980 Lower Mississippi River drift study

at Lower Cracraft Dike Field (the same study site as ours), Bowles

(1985) found Hydra to be the most abundant invertebrate in the drift,

with Chaoborus and H. orris the third and fifth most common taxa,

respectively. In an Upper Mississippi River study, Seagle, Hutton, and

Lubinski (1982) found their drift samples were dominated by hydropsychid

caddisflies, Hexagenia sp., chironomids, and Chaoborus, while in the

swift waters of the channelized Missouri River, Carter, Bazata, and

Andersen (1982) found that H. orris and P. flava were the most numeri-

cally abundant drift taxa.

26. It was somewhat surprising to find the larvae of Chaoborus as .

the most common taxon in our study, even though Chaoborus larvae are one

of the dominant macroinvertebrates in the mud substrates of Lower Mis-

sissippi River backwaters (Beckett, Bingham, and Sanders 1983). The

floodplain of the Lower Mississippi River has been laterally confined by

Corps-constructed levees, preventing the inundation of low-lying areas.

In addition, although some lentic abandoned channels and oxbow lakes

remain connected to the river, many abandoned channels and oxbow lakes
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were cut off from the river by the construction of the levees. Also,

the use of revetments and dike fields by the Corps of Engineers has

locked the river into an alignment such that lentic abandoned channels

and oxbow lakes are no longer being created. Yet, numbers of drifting

Chzoborue in the Lower Mississippi River equaled or exceeded the Chao-

borue drift densities determined by Eckblad, Volden, and Weilgart (1984)

in the backwater-rich Upper Mississippi River. Interestingly, a study

of the heavily channelized Missouri River showed Chaoborus to be prac-

tically nonexistent in the drift (Carter, Bazata, and Andersen 1982;

Bazata*). This lack of Chaoborus is most likely the result of channel-

ization vhich subsequently caused the elimination of the Missouri

River's backwaters.

27. Hydra sp. may not have been counted and reported in some

drift studies. However, it is obvious from our study and the investiga-

tions of Obi (1978) and Bowles (1985) on the Lower Mississippi River and

Eckblad, Volden, and Weilgart's (1984) Upper Mississippi River study

that Hydra is a very important component of the drift, at least in the

Mississippi River. In addition, Hydra can be present in extremely high

densities, as shown by Bowles (1985) who determined mean drift densities

of approximately 235 individuals/100 m in a Lower Mississippi River

dike field in June 1980. In our 1982 study in the same dike field,

Hyd-ra densities exceeded 50 individuals/100 m3 in two of the samples

(59.5 and 51.0/100 M3 ).

28. Our work has shown that a diverse group of naidid worms are

present in the drift. Examination of the total number of naidids

collected also revealed that 86 individuals were collected in the May

samples while only 7 naidids were present in the June collections

(Table 3). This presence of much higher numbers of naidids in the drift

earlier in the year corroborated a rather puzzling seasonal pattern of

naidid drift noticed both by Obi (1978) and Bowles (1985) in their Lower

Mississippi River studies. Bowles, in an April-October 1980 study

Personal Communication, 1985, K. R. Bazata, Department of Environmen-
tal Control (EPA), State of Nebraska, Lincoln, Nebr.
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(samples taken once per month), collected a variety of naidids in April

through June. With the exception of a few Dero op. (collected in Sep-

tember), Bowles found no naidids in his drift samples from July through

October. In an April-August 1977 study (sampling again conducted

monthly), Obi (1978) collected Paranais frici (-Wapsa mobilis), Ophi-

donais serpentina, Nais behningi, and Arcteonais lomondi only in his

April and May samples. When present, these species were found in fairly

high numbers (e.g., Obi collected a total of 93 individuals of P. frici

in April and May 1977). All four of these species were collected in our

study, with a total of 24 individuals collected in May, but none in

June.

29. Obi (1978) theorized that these four species originated in

the extreme northern United States and Canada and had been flushed out

by meltwater and carried southward by vernal floods. This idea was sup-

ported by the fact that the worms appeared only in April and May, when

flood conditions existed. The theory that the worms are flushed out of

their habitats by spring floods seems a tenable one, although it is tem-

pered by the fact that in our study, river stage was actually higher

during our June sampling than in May (Figure 1). Perhaps the presence

of naidids in May 1982 was the result of high water in April (Figure 1).

In any case, we find it doubtful that the numbers of naidids in the

drift have their origin as far away as the northern United States and

Canada. It is much more likely that these naidids occur locally in

either the Lower Mississippi River main stem or possibly in connected

backwaters.

30. The abundances of various taxa in the Lower Mississippi

River's drift seem to change markedly on a site-to-site basis, depending

on the physical characteristics of the river and its substrates in a

certain area. For example, in both the June 1980 (Bowles 1985) and

June 1982 (this study) investigations at Lower Cracraft Dike Field, mean

drift densities of Pentagenia vittigera or Tortopus incertus (both bur-

rowing mayfly species) did not exceed 1.0 individual/QO0 m3 . Yet, at

Obi's study area in June 1977, mean drift densities of T. incertus

equaled 34.92 individuals/100 m3 . Similarly, in June 1978, Bingham,
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Cobb, and Nagoun (1980) collected mean densities of 4.1 T. incertus/

100 as and 3.0 P. vtttgeral/lO0 as. Tortopue incertus and P. vittigera

have very specific substrate requirements, living in the clay banks of

large rivers (Edmunds, Jensen, and Berner 1976; Beckett, Bingham, and

Sanders 1983). Such clay substrates were in much greater abundance in

Obi's study area (Obi 1978) than in the Lower Cracraft Dike Field area

(see Figures 12-14 of Beckett et al. 1983).

31. This site-to-site dissimilarity is also apparent from a com-

parison of H. Orris drift densities. Bowles (1985) reported a mean

drift density of approximately five H. Or'r'is/lO0 ms in June 1980 in

Lower Cracraft Dike Field, while our investigation in the same study

area in June 1982 showed similar densities, ranging from 4.54 H. orri l

100 as inshore during the day to 5.48 H. orris/100 ms offshore during

the day. However, Bingham, Cobb, and Magoun (1980) reported approxi-

mately 36 H. orris/100 U S in June 1978 from their study site near Sunny-

side Revetment on the Lower Mississippi River. Revetment on the Lower

Mississippi River consists of massive fields (often miles long) of

articulated concrete blocks. In strong current areas, these blocks are

colonized by dense populations of H. orris. Bingham, Cobb, and Magoun's

study site was close to shore, over the underwater revetment with strong

currents present.* The elevated densities of caddisflies in the drift

were probably a localized effect due to high H. orris densities in the

area.

32. The site-to-site comparisons made above included data col-

lected only in June of various years. Only June comparisons were made

because the data in our study indicated that time of year has a strong

influence on drift composition and density. Although our sampling peri-

ods were only 2 weeks apart, H. Orris densities were significantly

greater in June than in May at both the inshore and offshore stations

(p < 0.01) (Table 4, see klso densities in Table 3). Potamyjia f7ava,

the other hydropsychid caddisfly found in the drift, was also

* Personal Cosmunication, 1985, C. R. Bingham, Limnologist, US Army
Engineer Waterways Experiment Station, Vicksburg, Miss.
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significantly more abundant in June than in May at the offshore sampling

station.

33. The colonizing abilities of H. orria via drift have been

shown to change strikingly in the Ohio River over the year, especially

between May and June (Beckett 1982). Throughout the winter and spring

of 1979 only very low numbers of H. orris colonized rock baskets

deployed in the Ohio River for 4 to 5 weeks, averaging between one and

three animals per basket. In contrast, rock baskets recovered in Octo-

ber after a 5-week period in the Ohio River had been colonized by over

14,000 R. orris per rock basket. In early May, H. ozrars numbers aver-

aged between one and two animals per basket in the Ohio River, while in

early June, H. orris numbers averaged 174 animals per basket. There-

fore, as reflected in both the Ohio River rock basket study and our

Lower Mississippi River drift study, the May-June time period is a cri-

tical one in which H. orris markedly increases its propensity to drift.

34. The appearance of the mayfly Anepeorua sp. and the stonefly

species P. placida in our Lower Mississippi River drift samples also

indicates that drift composition varies seasonally. Despite fairly

extensive artificial substrate sampling during 1976 in the Ohio River,

Anepeorus nymphs were collected on only one date, 1 June 1976 (Beckett

1977). Sampling with artificial substrates every 5 weeks in the Ohio

River in 1979 again produced Anepeoru8 on only one date, 2 June 1979.

Anepeorus appears to follow a fast seasonal cycle (Hynes 1970) in large

rivers in North America, and its collection in our mid-May and early

June Lower Mississippi River drift samples was a result of sampling dur-

ing the relatively short period of time when the nymphs of this species

were active in the system. Perteeta placida, a common component of our

May-June Lower Mississippi River drift collections (Table 3), was col-

lected on artificial substrates in the Ohio River only in May and June

of 1979, despite extensive sampling over the other months of the year

(Beckett 1986). It is apparent that seasonal effects can markedly

change the density (e.g., H. orris) and composition (e.g., Anepeorus and

P. placida) of invertebrate drift in large rivers such as the Missis-

sippi and Ohio.
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35. A number of large-river studies have shown that some taxa

exhibit a diel periodicity in their drift patterns. Hexzgenia nymphs

were found in significantly higher numbers in the nighttime drift (than

during the day) in our study (Tables 3 and 4) and in those of Seagle,

Hutton, and Lubinski (1982) and Eckblad, Volden, and Weilgart (1984) in

the Upper Mississippi River. Obi (1978) found Hexgenia drift densities

at night to be 5.2 times those of daytime densities in the Lower Missis-

sippi River. He also found pupae of Tanypodinae and Chironominae (sub-

families of Chironomidae) to drift at night at densities of 10.7 and 5.2

times, respectively, their daytime densities. While the differences

between nighttime and daytime drift densities for chironomid pupae were

less in our study than in Obi's, our study did show significantly

greater nighttime densities of chironomid pupae at the inshore sampling

site.

36. Hexgenia is heavily utilized as a food item by fishes in the

Mississippi River (Hoopes 1960), and its nocturnal drifting may be a

strategy to escape predation. It is interesting to note that although

the two other large, burrowing mayfly species in the Lower Mississippi

River, P. vittigera and T. incertus, were rather uncommon in our

samples, they were commonly collected by Obi (1978) and Bingham, Cobb,

and Magoun (1980). Both of their investigations showed that these two

species drift in much higher densities during the night than the day.

Because Hexagenia, Pentagenia, and Tortopus are similar in terms of size

and morphology, they are probably perceived identically by fish

predators. Nighttime drift may be a common strategy of these mayflies

to avoid predation.

37. While some taxa displayed nocturnal drift preferences, other

common taxa, such as H. orrie and Chaoborus, did not. Although Matter

and Hopwood (1980) stated that "the Hydopeyche-Cewumatopsyche group...

showed nocturnal peaks in abundance" in the Upper Mississippi River, our

study and those of Obi (1978), Bingham, Cobb, and Magoun (1980), and

Seagle, Hutton, and Lubinski (1982) showed large numbers of H. orris

drifting during both the day and night in the Mississippi River. The

ratio of mean densities of H. ozrie drifting during the night divided by
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mean density of daytime drifters equaled 0.8 in Obi's study (therefore

weakly favoring daytime drifting), while nighttime/daytime numbers were

roughly equivalent in our study. Our rather unexpected finding that

Chaoborue drift densities were equivalent in the day and night was

shared by Obi (1978). In his Lower Mississippi River study, Obi found

the night/day ratio for mean densities of Chaoborus equaled 0.8 (night X

= 18.47 Chaoborus/0 ms and day x - 23.75 Chaoborus/lO0 m3 ).

38. Both the phantom midge Chaoborus and the burrowing mayfly

Hexagenia were collected in significantly greater numbers at the inshore

sampling position, indicating that drift densities were not homogeneous

across the river. Benthic grab sampling in 1979-1980 in Lower Cracraft

Dike Field, our drift study site, showed that appreciable numbers of

Hexgenia and Chaoborus were confined to mud (silt) substrate patches

(Beckett, Bingham, and Sanders 1983). In addition, substrate mapping of

Lower Cracraft Dike Field showed that at moderate flows, such as existed

during our drift study, mud substrates were limited to shore areas where

slower currents exist (Beckett et al. 1983). Drift densities for these

two taxa were higher, therefore, at the sampling position closer to the

area in which these animals were found in the benthos. These findings

suggest that a large proportion of the drift is local in origin, and is

not entirely a homogeneous turmoil of organisms being swept for long

distances downstream.

39. In a similar vein, Obi (1978) noted much higher drift densi-

ties of the burrowing mayflies Tortopus and Pentagenia in collections

along both the east and west shores of the Lower Mississippi River than

in midriver collections (nearshore densities equaled 3.6 and 4.6 times

midriver densities for Tortopus and 4.2 and 12.3 times midriver densi- _

ties for Pentagenia). In the Lower Mississippi River, Tortopus and

Pentagenia are found primarily in the river's clay banks; hence, drift

collections near the banks are closer to the points of origin for these

mayflies.

40. This lack of lateral homogeneity, plus the additional facts

that a large amount of site-to-site heterogeneity occurs in the Lower

Mississippi River drift, as pointed out above, and that a definite diel
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perledicit7 is exhibited by some taxa, provides evidence that much of

tis drift Is of local origin. If local drift were of only very minor

npoe meo, i.e., if almost all the drift consisted of organisms swept

belplessly from substrates far upriver, then the drift would be much

owe unifmr longitudinally (site to site), laterally, and dielly.

Undoubtedly some of the drifting organisms in the Lover Mississippi

liver are transported at the mercy of the river's currents and turbu-

lamnce; e.g. som Chaobor, Heoxgenia, Pentagenia, and Tortopu8 were

collected in the midriver drift in both Obi's (1978) and our study.

Houwever, it seems probable that, even in an immense, powerful river such
:0-

as the Mississippi, many of the organisms drift as they do in small

streams, traveling relatively short distances with total movement rather

saltatory (Vaters 1972).

41. Stenonemz integz'om, the most common nonburrowing mayfly

collected in our study, was present in increased densities at the upper

strata of the water column (Table 4). In the Upper Mississippi River,

Matter and Nopwood (1980) found that at night the nonburrowing mayflies

PaaiwdZoao and Baetie were also consistently more abundant in

ear-surface nets than in middepth and bottom nets. With the possible

exceptions of P. fZava and Chaoboru8, all the other commonly collected

tin in our study were shown, in at least one of the depth comparisons

(Table 4), to have significantly different densities among depths, with

the higber densities nearer the river bottom.

42. In an Upper Mississippi River drift-vertical distribution

study, WefrLng and Hopwood (1981) found markedly higher total (all

invertebrates included) drift densities nearer the bottom of the water

colum thaen near the top. Greater drift densities in bottom nets were

especially evident for hydropsychid caddisflies in the Upper Mississippi

liver (Natter and Hopvood 1980, Wefring and Hopwood 1981). This agrees

with our findings that H. orria, a very common hydropsychid caddisfly

threuogout the Mississippi River, was not uniformly distributed

at the various depths and that greater numbers of H. orris were col-

lected in the bottom and middepth nets than the surface samples. The

majority of large river drift studies have been conducted using only
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surface nets. It is clear that the use of only surface nets could seri-

ously underrepresent the actual drift densities of some tax&.

43. The grand mean drift density in this study, 35.0 macroinver-

tebrates/100 m, was roughly equal to or somewhat lower than ovrall

mean drift densities of other large-river studies. The Lower Missis-

sippi River investigations of Obi (1978), Bingham, Cobb, and Magous

(1980), and Bowles (1985) had grand mean drift densities of 82.3, 140,

and 74.4 macroinvertebrates/100 m , respectively. Eckblad, Volden, and

Weilgart (1984) reported a grand mean of 71.3 macroinvertebrates/100 m3

from sampling in the main channel of the Upper Mississippi River (mean

taken from sampling sites upstream of side channel influence), while a

Missouri River study (Carter, Bazata, and Andersen 1982) had a mean of O

41.4 macroinvertebrates/100 m3 . Two Upper Mississippi River investiga-

tions have reported markedly higher drift densities; the study of

Wefring and Hopwood (1981) had a mean of 256.9 individuals/100 a$ , and

that of Seagle, Hutton, and Lubinski (1982) had means of 405.0 and 777.5

individuals/100 m3 for two locations. Although seasonal effects may

play a part, it is not clear why two of the Upper Mississippi River

studies had such relatively high drift densities.

44. In his review of the drift of stream insects, Waters (1972)

pointed out that drifting invertebrates provide a colonization potential

of great magnitude and that, although total numbers of drifting inverte-

brates are generally higher at night than in the day, a "constant"

drift, i.e., a continuous stream of representatives of many species,

occurs at all times. Water's statements were based on small-stream

work; however, it is apparent from our study that they also apply to a

huge river such as the Lower Mississippi. Although a number of the most

abundant taxa showed significantly greater drift densities at night,

overall mean day and night drift densities were similar, i.e., a contin- lop

uous stream of representatives of many species did occur at all times.

The estimates of 405 million macroinvertebrates in May and 479 million

macroinvertebrates in June drifting past a transverse plane along our -

sampling points in a 24-hr period present an extremely large pool of
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potential colonizers being continuously moved across the river's

substrates.

45. In a 1979-1980 benthic macroinvertebrate study of the Lower

Mississippi River (Beckett, Bingham, and Sanders 1983), the bottom sub-

strates in dike field areas showed large changes in biotic composition

over the different flow regimes. These compositional changes correlated

with changes in river stage and resultant alterations in current and

substrate (Beckett, Bingham, and Sanders 1983). Since the physical

changes and the concomitant faunal changes occurred over just a few

months, it is likely that the very large pool of drifting invertebrates

served as the source for colonization of the dike fields' substrates.

46. These large numbers of drifting invertebrates also serve as a

potential food source for the river's fishes. While drifting, these

invertebrates are very vulnerable to predation; e.g., the burrowing

mayflies are no longer protected within their burrows, hydropsychid

caddisflies have left the relative safety of their cases, Chaoborus

larvae are no longer hidden in the sediments, and chironomid larvae are

no longer enveloped within their tubes. Food habit studies of fishes in

large rivers should consider drift as a source of plentiful, vulnerable

food items, and models or appraisals of riverine invertebrate communi-

ties as "fish food organisms" should include drift organisms along with

ombenthic and epibenthic valuations in resource assessments.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

47. Summarized below are the conclusions drawn from the May-June

1982 invertebrate drift study.

a. The overall mean macroinvertebrate drift density equaled
35.0 organisms/100 ms of water. Overall, larval
Chaoborus was the most common invertebrate collected,
followed by chironomid pupae, Hydra sp., Hydropsyche
orris, and Hexagenia sp., respectively.

b. A number of unusual mayfly taxa were collected, including
Spinadis wallacei, Pseudiron sp., and Anepeorus sp. A
diverse assemblage of naidid worms was also present in
the drift, with Slavina appendiculata, Nais communis, and
Wapsa mobilis, respectively, being present in the largest
numbers.

c. Somewhat surprisingly, Chaoborus larvae did not exhibit
any increased drift nocturnally, but did show signifi-
cantly higher densities at the nearshore sampling station
than at the sampling station near the navigation channel.
Hexagenia was significantly more abundant both at the
nearshore station and in the nighttime sampling.

d. Some macroinvertebrates were not uniformly distributed at
the river's various depths. Hydropsyche orris, Hexa- S
genia, and chironomid pupae were present in greater den-
sities in the middepth and/or bottom samples than at the
surface. The use of only surface nets could therefore
seriously underestimate the actual drift densities of
these taxa.

e. The lateral, diel, and site-to-site heterogeneity of
drift abundances for various taxa in the Lower Missis-
sippi River provides evidence that many of the organisms
in this river drift as they do in small streams, travel-
ing relatively short distances with total movement rather
saltatory.

f. A very high number of macroinvertebrates drift down the
Lower Mississippi River. Over 24-hr periods in May and
June, approximately 405 million and 479 million macroin-
vertebrates, respectively, were estimated to drift past a
transverse plane across the river along the sampling
points. These large numbers of drifting invertebrates
serve as a potential food source for fishes as well as
being potential colonizers of the river's substrates.
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Recomendations

48. Recomendations regarding future studies are as follows:

a. For the reasons discussed in paragraph 47d, if accurate
drift densities throughout the water column are required,
sampling should be performed at middepth and near-bottom,
as well as near the surface.

b. None of the Lower Mississippi River drift studies have
investigated drift for the part of the year from November
to March. A study at a single site over an entire year
would show how much the composition and abundance of
drifting macroinvertebrates change from the warm-weather
months to the winter.

c. The relative contribution of organisms from the Lower
Mississippi River's backwaters to the river's total drift
numbers is unknown at this time. An investigation to
determine this contribution would show to what extent
organisms drift out of the backwaters and whether these
organisms ake up a substantial portion of the total num-
ber of animals drifting down the main stem of the river.

0
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