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Anthropogenic reductions in braiding, meandering, and snag abundance have diminished habitat heterogeneity
of regulated rivers, factors directly influencing island formation, retentive capacity of the ecasystem, and com-
munity diversity. Habitat heterogeneity associated with riverine islands should, therefore, be of paramount impor-
tance to the ecosystern and may require special management protection. To understand the influence of these
aliuvial formations on riverine benthos, macroinvertebrate assemblages were sampled near three islands in the
Ohio River above Louisville, Kentucky, USA. Benthos was collected along six bank-to-bank transects located
1 km above and below islands and near the head, middle, and foot of islands. Islands have significant positive

«4, effects on invertebrate density and diversity that appear related to changes in physical habitat characteristics,

Current velocity and subsirate particle size are diminished in narrow channels between istands and shore, and
areal extent of the littoral zone is enhanced within an atherwise deepwater region. Shallow water and slower
currents promote growth of submerged vascular plants and macrophytic algae. Because of a relatively low exploi-
tation by humans, islands probably enhance snag formation and input of organic matter, both factors having
positive effects on macrofauna. Creation of selected riverine preserves near islands as a management factic is
recommended.

Les réductions d’origine anthropique de la réticulation, de la formation de méandres et de la fréquence des
croches ont diminué 'hétérogénéité de V'habitat dans les cours d’eau aménagés, facteurs qui ont une influence
directe sur la formation des iles, la capacité de rétention de !"écosystéme et la diversité de la communausé.
L'hétérogénéité de 'habitat associée aux fles fluviales devrail donc avoir une impertance primordiale pour I'éco-
systéme et peut exiger un régime spécial de protection. Pour comprendre {influence de ces formations alluviales
sur le benthos de la zone proche des berges, on a échantillonné des assemblages de macroinvertébrés prés de
trois iles se trouvant dans le fleuve Ohio en amont de Louisville {Kentucky), aux Etats-Unis. Le benthas a été
recueilli le long de six transects de rive i rive situés a un 1 km au-dessus et au-dessous des Tles et prés de la téte,
dumilieu et de la queue des fles. Les Tles ont des effets positifs notables sur fa densité et la diversité des invertébrés,
effets qui semblent liés & des modifications dans les caractéristiques physiques de |"habitat. La vitesse du courant
et {a granulométrie du substrat diminuent dans Jes chenaux étroits entre les fles et la berge, et la superficie de la
zone littorale augmente dans une région d’eau profonde par ailleurs, |a faible profondeur de Feau et le ralentis-
sement des courants favorisent la croissance des plantes vasculaires immergées et des algues macrophytes. Du
fait gu’elles sont soumises & une exploitation relativement faible par les humains, les Hles favorisent probablement
la formation de croches et I'apport de matiéres organiques, deux facteurs qui ont des effets positifs sur la macro-
faune. H est recommandé comme méthode de gestion de créer des réserves protégeant des zones littorales choisies
prés des iles,
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large rivers have nearly vanished from developed nations

{exceptions in North America include some rivers in
Canada and Alaska) and are rapidly disappearing from the less-
developed countries of our biosphere as a result of intentional
and extensive alterations of natural rivers over the last 100 yr
(Benke 1990). Prior to anthropogenic efforts to manage rivers
by channelization and impoundment, medium to large rivers
{orders 6—9) were highly braided with complex, anastomosing
channels that significantly expanded opportunities for direct
riparian influence (Cummins et al. 1984). In some ways, the
rivers of 100 yr ago were more akin to modern, midorder
streams than to today’s large regulated rivers. Managed rivers
are less shaded, deeper, less turbid, and more homogeneous in
habitat than unregulated rivers; they also contain fewer debris
dams and have a different mixture of allochthonous and autoch-
thonous carbon sources (cf. Cummins et al, 1984; Ward and

Long, relatively pristine, and unregulated reaches of very
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Stanford 198%). A reduction in river meandering and channel
complexity (including fewer islands) probably had dramatic
effects on ecosystem properties that, in combination with
anthropogenic pollution, depressed the density and diversity of
riverine communities. .

The very large rivers of the world will probably remain reg-
ulated for the foreseeable future because population pressures
and the need for hydroelectric power and commercial naviga-
tion are unlikely to abate. Unfortunately, most of the world’s
large rivers have scarcely been examined from an ecological
perspective (Statzner and Higler 1985; Williams 1988; Haag
and Thorp 1991). Lotic research has focused on either head-
water streams or a few unregulated tropical rivers, and, indeed,
only 4% of the publications on running waters have dealt with
large rivers {Hynes 1989). In recent years, it has become clear
that ecological predictions made by extrapolating knowledge
from mideorder and headwater streams have failed to explain
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adequately ecosystemn behavior of very large rivers, especially
those with extensive floodplains (Sedell et al. 1989).

Attempts to protect and partially restore jarge rivers must be
based on sound ecological knowledge. One promising approach
is to designate critical areas of a river for special protection
while attempts are made to ameliorate conditions throughout
the ecosystem. Habitats that seem to fit within this goal are
riverine islands. Although few attempts have been made to
study islands, the sparse data suggest that they enhance the
biotic community (Gosse 1963).

The purposes of the present study were to investigate the
influence of three islands in the Ohio River on the density,
diversity, and species composition of the benthic macroinver-
tebrate assemblage, an important food web component of the
river, and to examine these data in light of the potential need
to establish critical habitat preserves. This research was part of
an ongoing, collaborative study of the importance of temporally
fluctuating combinations of physical, chemical, and biological
factors in regulating riverine communities. 1 examined the
effects of an island’s location within the Ohio River (distance
from a downstream dam), the direct mfluence of islands on
benthos, and the relationships between benthic community
characteristics and the interrelated physical parameters of water
velocity, depth, and substrate type. As described later, these
data can be applied to models for the restoration and manage-
ment of rivers. This study was also meant to contribute to our
general knowledge of ecosystem behavior of very large rivers.

Methods and Habitat Description

Study Sites

Based on average vearly discharge, the Ohio River is the
second largest river in the United States (8127 m’/s) surpassed
only by the Mississippi below its confluence with the Ohio
{U.S. Geological Survey Water-Data Report for 1989, based
on 61 yr of data). The average annual discharge of the Ohio at
Louisville is 3273 m*¥/s (115 500 ft*/s), with a historical range
of 60 to 31 455 m/s. Peak current velocities during the sample
period in late summer 1989 were approximately (.7 m/s at the
water surface in midchannel and 0.10 = 0.05 m/s near the bank.
The Ohio has a constricted channel upstream from Louisville
but becomes a floodplain river downstream; however, small
floodplains are common within portions of the constricted
region. The river bottom is generally muddy or sandy nearshore
but becomes sandy and gravelly in deeper water, as is usually
the case in large rivers (Hynes 1970, p. 25); large patches of
limestone cobbles and boulders occur frequently on either bank,

Benthic samples were collected near Six, Twelve, and
Eighteen Mile Islands within the McAlpine Pool (Fig. 1) just
upstream of Louisville (38°16'N, 85°47'W). These three islands
are roughly similar in size (30-50 ha) and shape but differ in
distance from both the mainland shore {(which influences bottom
characteristics of the channels) and the downstream dam at
Louisville (which affects current velocity and, thereby, the size
of suspended particles). Bach island was apparently named for
its approximate distance upstream from McAlpine Dam, the
low head, navigation dam at Louisville. Six Mile Island is
situated about 75 m from the Indiana shore; Twelve Mile Island
15 in the middle of the river (~300 and 500 m from Indiana and
Kentucky shores, respectively); and the “‘chute’” (a narrow
channel between an island and the mainiand) is less than 50 m
wide between Eighteen Mile Island and the Kentucky bank
(Fig. 1.
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These three islands have similar origins and extant riparian
and submerged vegetation. Silver maple (Acer saccharinum)
and cottonwood (Populus deltoides) are the most abundant
riparian trees, but sycamore {Plaranus occidentalis), box elder
{Acer negundo), black willow (Salix nigra), and various other
species are also present. Shoal areas near islands and river banks
support seasonal growth of benthic filamentous algae,
pondweed (Potamogeton spp.), and eel or ribbon grass
(Vallisneria americang). Each island is entirely of alluvial
origin and contains silt loam and fine sandy loam soils
(Kentucky State Nature Preserves Commission, unpubl. rep.).
These istands can only be reached by boat, with most human
activity occurring during summer weekends; however, tow
barges regularly pass near all three istands.

Sampling Design and Biological Measurements

I collected benthic grab samples from the following six cross-
river transects around each island (Fig. 1) “*A.”" | km above
the head of the island (presumably upstream from island
effects); “*B"" and “*E,"" across the head and foot of the island,
respectively, at a minimum depth of 1 m; “°C”” and "'D.”" one
third and two thirds of the distance downstream from the head,
respectively; and “‘F’, 1 km below the istand. Six grab sam-
ples were retrieved along each transect (Fig. 1) for a total of
108 samples in the study (3 islands X 6 transects/istand X
6 samples/transect).

Benthic samples were collected with a Ponar grab from sub-
strates composed primarily of either mud, sand, or gravel (small
to large). Shoreline areas composed of either wood snags or
cobbles and boulders were avoided, as these bottom types could
not be sampled effectively. Although this eliminated substrates
with distinctive invertebrate assemblages (cf. Thorp et al.
1985), systematic error was reduced among sites by maintain-
ing sampling consistency. (Species composition and secondary
production of fauna on these substrates are being determined
in a separate study (M. D. Delong and . H. Thorp, unpubl.
data).) Invertebrates were collected from all transects over a
3-wk span in late September and early October of 1989 when
water temperatures were near 22°C from surface to bottom
(usually =1°C difference between channel and bank).

Grab samples were sieved in the field through a 0.5-mm-
mesh (U.S. Geological Series No. 33) and preserved in 70%
FtOH + Phloxine B vital stain. Invertebrates were sorted in
the laboratory and identified using keys in Merritt and Cum-
mins (1984) and Thorp and Covich (19931). Body lengths (ante-
rior—posterior) of Asiatic clams (Corbicula fluminea) were
measured to provide information on size distribution of a
numerically dominant species.

Habitat Characterization

Differences in water velocities among sample sites were
measured | m below the water surface with a Marsh—McBirney
velocity meter {model 201-D). Although very accurate for most
of the water column, this meter cannot gauge velocities at the
substrate surface where most riverine benthos reside. There-
fore, current velocity data were used for macrocomparisons
among shatlow and deepwater sample locations rather than as
a measure of microhabitat differences.

Predominant substrate types were cstimated by wet sieving
and qualitative field observations. Five of the seven substrate
categories employed generally corresponded to those listed in
Hynes (1970, p. 24): SI (silt and clay), FS (fine and very fine
sand with some silt), CS (coarse sand), GR (gravel), and PB

Can. J. Fish. Aquar. Sci., Vol. 49, 1992
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Fic. 1. {A) Stretch of the Ohio River as it flows southwesterly past Eighteen Mile Island through a
navigation lock (hetween Shippingport Island and the Kentucky shore) or over and through the McAlpine
Dam (an elongated z-shaped dam between Shippingport Island and the Falls of the Ohio near the Indiana
shore); relative positions of the three istands studied here are shown. (B} Enlargement of the area around
Six Mile Island showing the approximate positions of the six bank-to-bank transects {A~F), each with
six sample sites (1-6); the crosses mark the midchannel area and are separated by 1.6 km (1 river mile);
the narrow channel between the island and mainland is known as a chute.

(pebbles). Categories MG (muddy gravel) and SG (sandy
gravel) were added because some habitats had markedly het-
erogeneous substrates during the sample period. Presence of
vascular plants (mostly Vallisneria) or filamentous algae was
recorded.

Statistical Analyses

Because macroinvertebrate abundances were low and spatial
distributions of individual species were highly variable, the data
were not normally distributed. Failure of traditional transfor-
mation techniques to normalize the data necessitated use of
nonparametric techniques, principally Kruskal-Wallis ranked
tests and Pearson’s product moment correlations. Results were
analyzed using subroutines of the Statistical Analysis System
{SAS Institute, Inc. 1985); significance levels of 0.05 or lower

were employed. Although invertebrates were usually identified

to genus (Table 1), a priori statistical analyses were performed
(unless otherwise noted} on 16 group variables: total inverte-
brate density, taxonomic richness, size of Corbicula Jluminea,
and densities of Hydra, Turbellaria, Oligochaeta, Hirudinea,
Gastropoda, Bivalvia, Amphipoda, Ephemeroptera, Trichop-
tera, Chironomidae (larvae of all true midges), Coelotanypus
(a predatory and overwhelmingly abundant midge), total
“‘predatory’’ chironomids, and total “‘gatherer’” midges.

Can. J. Fish. Aquar. Sci., Vol, 49, 1962

Results and Discussion

The present study was restricted to analyses of responses of
benthic macroinvertebrates to physical features associated with
islands in one portion of a very large river. Ongoing research
at the University of Louisville has been designed to evaluate
the importance of competition, predation, and different sources
of organic matter in shaping benthic and planktonic assem-
blages within the Ohio River,

Pool Effects

The construction of low head dams in the lower Ohio River
over the last century altered this ecosystem into a series of flow-
ing pools, averaging slightly over 100 river km in length. Dif-
ferences in water velocity, river width, and substrate particle
size are commonly observed from the shallower upstream sec-
tion to the deeper downstream portion of a pool (J. H. Thorp,
unpubl. data). Consequently, one might expect progressive
changes in benthic and planktonic assemblages along the upper
pool — lower pool gradient (cf. Delong and Payne 1985).

Contrary to our expectations, the relationship between lon-
gitudinal position within the lower McAlpine Pool and char-
acteristics of the benthic fauna did not change in a consistent
manner. Only five of the 16 independent, biotic variables tested
were significantly affected by site within the pool, and their
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TaBLE . Mean sbupdance (no./m?) of benthic taxa collected near three Ohio River islands in 1989,

Six Mile Twelve Mile Eighteen Mile
Island Island Istand
Total invertebrate density 1076.1 633.2 839.4
Phylum Cnidaria (class Hydrozoa} '
Hydra vulgaris 224 8.0 3.7
Phylum Platyhelminthes
Class Turbellaria 10.0 18.1 12.2
Phylum Nematoda e ] -
Phylum Entoprocta
Urnatella gracilis R R -
Phylum Bryozoa (Ectoprocta) - - —*
Phylum Annelida
Class Oligochaeta 731.5 279.6 312.6
Class Hirudinea 4.8 1.6 2.1
(Placobdella montifera,
Placobdelia sp., and
Glossiphoniidae)
Phylum Mollusca
Class Gastropoda
Amnicola spp. i.l 0.5 3.2
Ferrissia spp. 2.1 1.1 2.1
Leptoxis praerosa 0 0 0.5
Lithasia obovata 0.5 0 i1
Lithasia verrucosa 0 0.5 1.1
Pleurocera canaliculatum 54 2.1 2.7
Class Bivalvia
Corbicula fluminea 175.9 169.6 216.4
Phylum Arthropoda
Subphylum Crustacea (order
Amphipoda)
Gammarus fasciatus 22.8 12.6 21.3
Subphylum Chelicerata (class
Arachnida)
Class Arachnida (Acari) 0.5 0.5 1.1
Subphylum Uniramia {class Insecta)
Order Ephemeroptera
Caenis 16.7 3.7 3.7
Ephemeralla 0 0 0.5
Hexagenia 6.9 22.9 26.8
Stenacron 2.1 4.2 472
Stenonema 0 0 0.5
Order Odonata (Anisoptera) 0 0 1.1
{Neurocordulia and
Somatochlora)
Order Coleoptera
Stenelmis 0.5 0 0
Order Trichoptera
Cheumatopsyche 0 0 0.5
Hyvdropsyche 1.6 1.6 12.2
Hydroptila 95.7 0 0
Nectopsyche 0.5 0 0.5
Qecetis 1.6 2.9 8.3
Polycentropus 0 0.5 0
Order Diptera
Family Ceratopogonidae
Probezzia 0 0.5 1.6
Family Chaoboridae
Chaoborus 1.1 0 0
Family Chironomidae
Subfamily Tanypodinae
Ablabesmyia® 0 0 1.6
Clinotanypus® ] 0 3.7
Coelotanypus® 64.9 72.3 117.5
Procladius® 2.7 1.6 0.5
Thienemannimyia” 2.7 .1 1.6

Can. J. Fish. Aquat. Sci., Vol. 49, 1992



TasLe 1. {Concluded)

Six Mile Twelve Mile Eighteen Mile
Island Island Island
Subfamily Chironominae

Axarus 223 0 0
Cricotopus 22.8 1.6 6.4
Cryptochironomus® 6.4 9.0 17.0
Dicrotendipes 2.7 0.5 0
Nanocladius 0.5 0 4.2
Parachironomus® 0 0 0.7
Paracladopelma 0.5 0.5 0
Paratendipes 0.5 0.5 10.6
Phaenopsectra 0 2.7 0
Polypedilum 20.3 7.4 59.0
Rheotanytarsus 53 0 0.5
Stenochironomus 0.5 1.1 0
Tanvtarsus 1.1 0 0

“Taxon present but not enumerated.

"True midge that is principally a predator; all other midges primarily obtain food in some other

fashion, most as *‘gatherers.”’

mean values did not vary in a progressive fashion along the
downstream gradient (comparisons among islands with data
pooled across transects and samples). Average taxonomic rich-
ness and total invertebrate densities were significantly different
among islands (x* = 5.91 and 6.86, respectively, P < 0.05),
with the greatest means at the lower island and smallest values
at the intermediate island. Total chironomids and the gatherer
functional group of midges were most numerous near the
upstream island and least dense at the middle island (x> = 8.33
and 10.74, P < 0.05 and 0.01, respectively); similarly, Asiatic
clams were largest near Eighteen Mile Island and smallest near
Twelve Mile Island (x* = 9.09, P < 0.01). In general, the
intermediate island contained fewer invertebrate species and
numbers than either the uwpstream or downstream island. A
likely explanation for the poor fit of these data to a longitudinal
gradient model within the McAlpine Pool is that all islands in
the McAlpine Pool are in the lower portion of the pool; as a
result, the “'pool effect’” was hidden within a more important,
site-specific *‘island effect.”

Island Effects

Islands interrupt the deepwater regions of this ecosystem by
providing shallow-water habitats and access to different forms
of food. Like areas along mainland banks, these littoral areas
foster autochthonous production and furmish an alternative
source of organic matter to the seston transported from flood-
plains and tributary streams. Macrophytes growing near island
and mainland shores also afford greater habitat heterogeneity
for benthic species. By adding a riparian zone in the “middle”
of a river, islands serve as an additional source of allochthon-
ous, partially labile, organic matter from recently fallen leaves
{cf. Cummins and Klug 1979; Cummins et al. 1989). Terres-
trial animals falling into the water from riparian plants and
aguatic organisms growing on fallen trees are also considered
a major source of high-quality food in rivers (Benke et al.
1984). Furthermore, shade from these trees and slower cumrents
around islands alter light penetration and water temperatures.

The littoral zone benthos around islands appears similar to
that present in shallow-water areas of the mainland bank (based
on analyses of samples 1 and 6 versus 3 and 4 for transects
B-E). In fact, none of the 16 independent variables tested
showed significant variability between island and mainland lit-

Can. J. Fish. Aquat. Sci., Vol. 49, 1992

toral habitats (Kruskal-Wallis ranked test; P > 0.05 in all
cases). When analyzed by individual island, only oligochaete
density and total invertebrate density were significantly greater
near the mainjand shore (for Six Mile Island only), and the
latter variable probably reflects to a major degree changes in
the abundance of worms (x> = 6.89 and 7.46, respectively,
P < 0.01). Estimated mean oligochaete densities were 475.3
and 803.1 worms/m” for island and mainland littoral areas,
respectively; total invertebrate densities averaged 908.4 and
1199.4 individuals/m? for island and mainland shore habitats,
respectively. Therefore, for the three islands studied here, the
littoral benthos of island banks are generally equivalent to those
on or in particulate sediments of mainfand banks. An important
caveat, however, is that these islands are entirely depositional
in nature (composed principally of sand and finer particles)
whereas the mainland shores contain some habitats with exten-
sive beds of cobbles and boulders, Concurrent studies indicate
that these latter habitats have an invertebrate fauna distinct
from, and sometimes richer than, those found on particulate
substrates near the three islands studied here (K. Greenwood
and I. H. Thorp, unpubl. data on snail fauna on cobbles; M. D.
Delong and J. H. Thorp, unpubl. data on secondary production
on cobbles and snags).

To determine whether biotic effects of an island extend
downstream below bordering, shallow-water regions, 1 com-
pared benthos in transect A with that in transect F (~1 km
above or below islands, respectively). Among the 16 group
variables, only the gatherer functional feeding group of midges
(hereafter called gatherer midges) was significantly different
for pooled island data (X = 11.7 versus 189.3 midges/m? for
sites above and below islands, respectively; x* = 3.99,
P < 0.03). When analyzed by island, results differed in only
minor and inconsistent ways. Corbicula density (X = 226.4
versus 32.0 clams/m?) and size (X = 16.38 versus 5.21 Im)
were elevated upstreamn of Twelve Mile Island (x* = 4.43, and.
4.335, respectively, P < 0.05). In contrast, at Eighteen Mile
Island the three variables which were significantly different had
greater mean values downstream of the island (total inverte-
brate density: X = 520.6 versus 1253.7/m?, x* = 3.69,
P <2 0.05; total chironomids; X = 80.4 versus 444.0/m>,
x* = 4.41, P < 0.05; and gatherer midges: X = 19.1 versus
386.6/m*, x* = 3.97, P < (.05). Hence, results suggest that
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the potential influence of islands on benthos does not extend
much beyond the immediate shallow borders in a downstream
direction, at least for the parameters | measured.

Finally, I compared diversity and density of benthos in the
narrower and more shallow chute (sample 2 or 3, depending
on the island, for transects B-E) with that in the wider and
deeper midchannel region (the opposing sample 5 or 2; Fig. 1)
to determine whether islands influence riverine benthos located
lateral to islands. For this measure, isiands had a strong influ-
ence on benthos. In general, densities were greater and assem-

. f%blages were more diverse within island chutes (Fig. 2). Of the

statistically significant comparisons, all followed this pattern
(P < 0.05 for total Chironomidae and Turbellaria and
P < (.01 for Hydra, wtal Oligochaeta, Coelotanypus, and
total predatory midges). Corbicula, total caddisflies, and gath-
erer midges were the only groups somewhat more dense in mid-
channel regions, but all such comparisons were nonsignificant.

A definitive explanation for why the chute environment is
more favorable to benthic invertebrates than the midchannel
region is not possible at this point in our knowledge of rivers.
However, current velocity and wave action tend to be lower in
chutes, and the water is shallower (unpubl. data), factors which
appear to promote greater densities and diversity within the
community, as discussed below. Furthermore, the substrate
particle size is typically smaller, and the sediment contains more
organic matter (personal observations); based on previous stud-
ies of riverine benthos (e.g. Haag and Thorp 1991), these sub-
strate differences may have the greatest direct impact on the
nature of the benthos.

Influence of Water Depth, Current Velocity, and Substrate
Type
Because water depth, current velocity, and substrate type
have some causal linkage in rivers, it is not always possible to
distinguish clearly the response of benthos to a single factor.
Bearing that in mind, results of this study indicate that abun-

S |siond Chute

dances of most benthic species in the Ohto River were nega-
tively correlated with both water depth and current velocity anﬂ&
were strongly influenced by substrate particle size and presenc

or absence of macrophytes, as documented below,

Bleven of 16 groups examined showed a negative correlation
with water depth (for pooled samples, transects, and islands),
but only five were significant (i.e. total invertebrate density and
abundance of Oligochaeta: P <C 0.0001; and size of Asiatic
clams, density of Coelotanypus, and total abundance of pred-
atory midges: P < 0.05 for Pearson’s product moment corre-
fations). None of the dependeni variables had significant
posifive relationships with water depth. These resuits for the
Ohie River initially seem to contrast with those reported for the
Tennessee River below Kentucky Lake lock and dam (Haag
and Thorp 1991), where most species showed a positive rela-
tionship with water depth. However, nearshore habitats (and
all depths <<3.1 m) were not sampled in the Tennessee because
of extensive fluctuations in water level. Such shallow habitats
supported most of the species in the present study,

Twelve invertebrate groups were more abundant in slower
water (based on Pearson’s product moment correlations), and
five of these were significantly so (i.e. total density, Oligo-
chaeta, Coelotanypus, and total predatory midges: P << 0.01;
and total chironomids: P << 0.05). The bivalve Corbicula also
tended to be larger in siower water {P < 0.05); however, these
Asiatic clams were the only invertcbrates significantly more
abundant in faster water (P <C 0.05), possibly reflecting the
fact that they depend more directly and heavily on suspended
organic matter than do other invertebrate groups examined here,
A direct influence of currents on benthos is probably less wide-
spread and influential in general within large rivers than indirect
effects of water movement on substrate particle size and plant
abundance (see following discussion). However, water velocity
by itself can bring about a shift in the composition of riverine
benthos, as demonstrated by Beckett and Miller (1982) for Ohio
River macroinvertebrates colonizing multiplate samplers.
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islands in the Ohio River. Values are means + 1 sb for taxonomic richness (Taxa, only dependent vajue
on left ordinate scaie), total invertebrate density, and densities of Hydra (Hydr), Turbellaria (Turb),
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(right ordinate scale) of benthos near three islands in the Ohio River. Values are means +1 sp for
benthos on silt and clay (SI), fine and very fine sand (FS), coarse sand (CS), sandy gravel (SG), muddy

gravel (MG), gravel (GR), and pebbles (PB).

Neatly 70% of the benthic grabs taken in this study were
trom sediments with small particle sizes (silt-sand) because the
sampling emphasized island and mainland shores. This does
not reflect the proportion of these substrates in the entire river,
however, as shallow areas with wood snags, cobbles, or boul-
ders were completely avoided and the largest portion of the
river, the deepwater regions with typical pebble, gravel, and
coarse sand bottoms, represented a minority of the samples.

Taxonomic richness and total invertebrate density were sig-
nificantly influenced by substrate particle size (x> = 20.31 and
28.14, respectively, P < 0.01), a pattern previously shown for
Tennessee River benthos (Haag and Thorp 1991). Diversity
was greatest on gravel and muddy gravel and least on coarse
sand in the Ohio River (Fig. 3). Total density was highest on
silt—clay bottoms if the oligochaetes were included; otherwise,
total abundance peaked on sandy gravel. Similar responses to
particle size were evident for most invertebrate groups (Fig. 4).
Coarse sand or pebbles supported the fewest individuals in
100% of the cases where density of a group was significantly
related to sediment size (i.e. Hydra, Turbeliaria, Oligochaeta,
Amphipoda, Ephemeroptera, Trichoptera, total Chironomidae,
Coelotanypus, and total predatory chironomids: y* = 30.06,
19.64, 40.15, 18.64, 26.20, 19.56, 27.02, 35,43, and 30.36,
respectively, P << (1.01 in all cases). Coarse sand was the least
colonized substrate for 60% of all groups tested, while midges
and oligochaetes were seldom found on pebbles. The most
favorable substrate was less consistent among groups, but 70%
of those tested had highest densities on either muddy grave! or
silt-clay bottoms. Other researchers have also confirmed the
importance of substrate size to benthic assemblages (e.g.
Thorap 1964; Resh and Lamberti 1979}, with maximum den-
sities often occurring on medivm-sized particles (Rabeni and
Minshall 1977; Williams and Mundie 1978).

Among all substrates, the dominant benthic groups within
this portion of the Ohio River (Table 1) were oligochaetes (pre-
sent in 90% of all samples), Asiatic clams (77% of samples),
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and chironomids (71%). The estimated average density of
worms was 440 animals/m? (their density was difficult to gauge
precisely because of worm fragmentation during sieving); they
were especially abundant in muddy, shallow-water habitats,
Corbicula fluminea was the most common species within the
river {mean density of 187/m%). Although biomass values were
not recorded, this exotic species also appeared to dominate total
invertebrate biomass, despite the fact that it was extremely rare
to encounter individuals in the Ohio River which had reached
even half their reported maximum body size (see Chap. 11 in
Thorp and Covich 1991). Asiatic clams colonized all habitats
but seemed to prefer, or survived best in, bottoms of coarse

sand, Native untonid mussels are important in many areas of @~

the Ohio River, but were not collected with a grab sampler in
this study; however, while scuba diving, I have observed a few
individuals just upstream of Eighteen Mile Island. Chironomids
averaged 158 individuals/m® and occurred most frequently in
substrates composed of a mixture of mud and either gravel or
fine sand. In studies of the lower Mississippi River, midchannel
sand habitats were dominated by chironomids (Beckett et al.
1983). Coelotanypus represented 54% of the midges collected
in my study, and this predator was most dense on muddy gravel.
Overall, 63.4% of the midges identified in this study are con-
sidered carnivorous, while 82% conseme animals all or part of
the time (Merritt and Cummins 1984), ’
Taxonomic richness and total invertebrate density were sig-
nificantly higher when filamentous algae or vascular plants,
such as Vallisneria, were present (Fig. 3) (x* = 9.10 and
10.28, respectively, P < 0.01}. Similar patterns wese evident
when densities of individual taxa were compared in the pres-
ence or absence of plants (significant for Oligochaeta, Amphi-
poda, total Chironomidae, and gatherer midges: x* = 9.92,
7.38, 8.73, and 16.02, respectively, P << 0.01, and for Gas-
tropoda, Coeloranypus, and total predatory midges: y? = 3.87,
4.73, and 3.91, respectively, P < (0.05). These results were
expected for riverine benthos, based on studies in lentic eco-
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Fig, 4. Abundance of nine invertebrate groups on selected substrate types near three istands in the Ohio
River. Values are means + 1 sp for benthos on silt and clay {81I), fine and very fine sand (FS}, coarse
sand (C5), sandy gravel {(SG), muddy gravel (MG), gravel (GR), and pebbles (PB).

systems (e.g. Hershey 1985; Thorp 1988) where macrophytes
provide partial refuges for some invertebrates and may serve
as additional sources of food.

Importance of Local Habitats in the Ecosystemn Continuum
Concept

Large rivers have not been examined in an ecosystem context
as well as headwater streams and essentially represent ecolog-
ical ““black boxes.”” Current depictions of large river ecosys-
terms are based primarily on (1) the river confinuum concept
{RCC: Vanotte et al. 1980} and subsequent modifications (e.g.
Minshali et al. 1983, 1985), (2) the serial discontinuity concept
{(Ward and Standford 1983), which integrates effects of large

“dams and reservoirs on the RCC, and (3) the flood pulse con-
cépt in river-floodplain systems (Junk et al. 1989) and its rela-
tionship to the RCC (Sedell et al. 1989). Such notable theories
are, unfortunately, primarily based on research conducted in
medium-sized to small streams. By concentrating on
demonstrably important downstream and lateral processes,
these theories have, in my opinion, ignored important local
phenomena which influence community structure and function.

An implicit assumption seems to exist (see fig. I in Vannote
et al. 1980) that benthic communities of large rivers consist
almost entirely of collectors (filterers and gatherers} and a few
predators. In contrast, data from the present and concurrent
studies (K. Greenwood and I. H. Thorp, unpubl. data; M, D,
Delong and J. H. Thorp, unpubl. data) do not support this
assumption. Although ‘‘collector’’ clams and mussels are
important in some substrates of the Chio River, different func-
tional feeding groups, such as grazing snails and omnivorous
amphipods, are prominent in other habitats {(e.g. in patches of
cobbles, wood snags, and macrophyte beds). The importance
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of various trophic guilds to the ecosystem cannot be evaluated
with confidence until we possess comprehensive data on rela-
tive densities, biomasses, and secondary productivities; such
data are almost entirely lacking. Results of the present study
and ongoing research suggest, however, that riverine food webs
are habitat based and more complex than originally assumed.
For these and other reasons, environmental managers should
integrate habitat-specific concerns into their management strat-
egies, as discussed below.

Management of Critical Riverine Habitats

Flood control, hydroelectric, and navigation projects have
greatly modified the ecological nature of almost all major rivers
of the world (e.g. Cummins ¢t al. 1984; Sedell and Froggatt
1984; Dister et al. 1990). For example, 90% of the original
floodplains for the lower Mississippi River have been lost
through construction of levees, a process that began more than
150 yr ago (Fremling et al. 1989). This has influenced sedi-
ment and organic input and has diminished the amount of hab-
itat available for fish nurseries and invertebrate production.
Recent interest in restoring productivity within some of these
rivers has resulted in proposals for comprehensive management
practices. Among the {ools suggested by Petts et al. (1989) are
flow modification, water qualify control, and habitat manage-
ment. Included in the last category is the construction of islands,
a technique which has been emploved in several large rivers,
such as the Mississippi (Fremling et al. 1989), with consist-
ently satisfactory results (Petts et al. 1989).

The three islands studied here had a significant positive influ-
ence on an important food-web component of the ecosystem,
the benthic macroinvertebrate assemblage. Although density of
species within McAlpine Pool was low on average and species
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distributions were often patchy (making it more difficult to
detect statistically significant island effects), the presence of
islands operated in several ways to enhance density and diver-
sity of macrofauna. Littoral areas were present in otherwise
deep water zones, and these shallow-water habitats supported
more species than deepwater habitats. This was due in part to
submerged macrophytes, whose presence in the littoral zone
was consistently associated with a higher density and diversity
of macrofauna. The riparian zones of islands near populated
regions appear to produce more snags and leaf litter than com-
parable areas on nearby mainland banks because these ephem-
eral islands are usually less developed by humans. Studies have
clearly shown that snag habitats are associated with higher sec-
ondary productivity in rivers {(Benke et al. 1984; Sedell and
Froggatt 1984}, and more readily available, labile organic mat-
ter from abundant riparian vegetation should also boost pro-
duction. Islands can decrease current velocity and substrate
particle size in adjacent areas; within the narrow chute of the
islands I examined, macroinvertebrates were significantly more
abundant than in the broader, deeper, and faster flowing main
channel.

Evidence from the present project strongly supports, there-
fore, the management hypothesis that islands are good for riv-
erine invertebrates. From such data, one can infer that these
alluvial islands also benefit fish populations, a conclusion
strengthened by results of research on fish productivity near
islands in the middle Zaire River (Gosse 1963, cited in Ward
and Stanford 1989).

The lower Ohio River contains fewer than 40 islands over a
stretch of 876 river km, which makes their importance to the
river as a whole somewhat questionable at first glance. How-
ever, riverine islands and other slackwater areas may be even
more valuable to the ecosystem because of their rarity. This
makes protection of the few islands surviving navigation and
flood control management practices a vital goal if we are to
protect and restore river ecosystems. In conjunction with a
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comprehensive and much larger management plan suggested
by otbers (e.g. Petts et al. 1989), I believe that protected zones
should be established around carefully chosen islands in major
rivers of the United States. These zones should be designed to
safeguard not only the island itself (as is being done for many
islands in the upper Ohio River in response to federal legistation
and for Six Mile Island in the McAlpine Pool by the Kentucky
State Nature Preserves Commission) but also some adjacent
waters. Such preserves should limit human access to the islands,
boat traffic in adjacent chutes, commercial harvesting of mus-
sels, and gravel/sand removal operations immediately upstream
of an island. Restoration measures conld then be undertaken to
foster habitat heterogeneity in these wildlife preserves. Fur-
thermore, the U.S. Army Corps of Engineers in the United
States and similar agencies in other countries should be encour-
aged to build islands and other habitat enhancements, where
economically feasible, as part of river dredging operations.
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