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PREFACE

Executives and other readers short on time, after scanning the title, reflecting on the
photograph below, and reviewing the Table of Contents, may wish to turn directly to the
conclusions which provide a brief synopsis of major points emerging from the various
sections. We would hope that they might then be enticed to delve more fully into areas of
special interest in this review.
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Photograph of the Ootsa Depression of the Nechako Reservoir, 20 September 1994, showing a
small part of the mainly coniferous flooded forest (over 200 km? in all) resulting from
its 40.8 m increase in water level. From a slide kindly loaned by Dr. G.F. Hartman.
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1.0 INTRODUCTION

This report results from a request by the Skeena Region of the British Columbia
Ministry of Environment, Lands and Parks (Fish and Wildlife) to conduct a scientific
literature review of the role of submerged trees to fish in reservoirs with recommendations for
future research, inventory, fisheries mitigation options, and critical habitat protection issues.
In our review we look broadly at ecological interactions in the flooded littoral zone of
reservoirs and then relate this perspective to understanding the potential importance as well as
problems associated with terrestrial vegetation which may be left or removed from the zone of
fluctuation and nearby regions. The focus is first directed to fish habitat, food supply and
abundance in impoundments with and without clearing, before turning to recreational and
other resource uses of reservoirs. Relevant reservoir studies are reviewed mainly from North
America and Scandinavia, before considering in more detail several in British Columbia
including those on the Nechako Reservoir itself. Finally, general conclusions are made on the
effects of littoral zone clearing in reservoirs along with recommendations for further research
and management options specifically for the Nechako Reservoir.

There is a long history of concern, comment and speculation regarding effects of
impoundment on the littoral zone of reservoirs, often cloaked in dogma or misunderstanding,
but with surprisingly little direct research on the problems, particularly of an experimental
nature. In the 1930s fishery biologists studying U.S. reservoirs in Ohio already were
suggesting that trees or stumps should be left in impoundments to provide fish habitat
(Wickliff and Roach 1937) and planting of various types of vegetation resistant to fluctuating
water level was recommended to help stabilize drawdown zones (Weyer 1940). By the early
1940s the short-term “trophic upsurge response” dogma following impoundment was
thoroughly in place (Ellis 1942), as were many of the ideas for amelioration of the negative
effects of impoundment on fish and fisheries. These included construction of lateral shallows
with more constant water level, use of littoral shelters, planting in the drawdown zone, and
nutrient enrichment in local areas. Many reappear every decade or so as novel inspirations.
As early as the 1960s the effect of standing flooded timber in reservoirs on their productivity
and sport fish harvest was listed as one of ten management investigation deficiencies in the
review of Jenkins (1961), and he had not changed his opinion nearly ten years later (Jenkins
1970). In our opinion it still probably retains its place there.

The lack of research on the role of standing flooded vegetation in reservoirs up to the
mid 1960s is well illustrated by the fact that only seven of the 1210 references reviewed by
Jenkins (1965) seem relevant to this topic. Furthermore in reviewing the impact of
impoundment on the inland waters of North America, Neel (1963) surprisingly makes no
mention of the role of flooded vegetation, nor does Larkin (1972) in his comments specifically
on the Nechako Reservoir.

From the mid 1950s and especially throughout the 1960s there was a broad series of
excellent studies on ecological effects of impoundment in Sweden, well reviewed by
Lindstrém (1973). Most Swedish reservoirs had to be completely cleared in the drawdown
zone to permit use of traditional shore-seine commercial fisheries even though the potential
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importance of such vegetation was recognized (Lindstrom 1973). Furthermore Swedish
fishery biologists have extensively tested several means of reducing negative impacts of
reservoir clearing and fluctuation in the littoral zone (Furst 1965, Milbrink and Holmgren
1981). In Russia benthic researchers recognized that submerged forests after impoundment
served as a substantial reserve for increasing the food base of fish (Poddubnyy and Fortunatov
1961). Nevertheless this did not prevent the extensive clearing of a massive reservoir on the
Angara River (outlet of Lake Baikal, Siberia) at Bratsk.

By the mid 1970s the widespread use of computer simulation modeling had gained
application for predicting the effects of impoundment, for example on the La Grande River
basin of James Bay in northeastern Canada, a sub-model was developed to assess vegetation
and shoreline environmental effects (Walters 1975). In his assessment of the impact of
hydroelectric impoundments, Efford (1975) notes that there was no prior clearing of trees
before flooding of the upper Nechako system, though some very limited underwater cutting of
merchantable timber was in progress by then.

Throughout the 1980s there have been many studies examining the importance of
flooded terrestrial vegetation in reservoirs with recommendations for reservoir clearing.
These include a large study for Ontario Hydro (Anonymous 1981) by Acres Consulting
Services Limited. Of the 92 case histories of reservoir clearing practices reviewed, 80 were in
Canada and 12 in the United States. Eleven of the Canadian case histories were for reservoirs
in British Columbia with another one (Lake Koocanusa) partly so. The B.C. set are surely not
representative of the many in the province and Nechako is not included. Four of the reservoirs
received complete clearing (Daisy in 1957, Buttle in 1958, Arrow in 1959 and Revelstoke in
1983). Four were partially or selectively cleared (Lower Campbell in 1949, Duncan in 1967,
Williston in 1967 and Kinbasket in 1972), and three were not cleared (Hayward formed in
1930, Carpenter in 1960 and Elliot in 1971).

Ploskey (1981) has investigated factors affecting fish production and fishing quality in
new reservoirs and has provided a set of recommendations on timber clearing and basin
preparation. Furthermore he has assembled a review of impacts of terrestrial vegetation
flooding and pre-impoundment clearing in the United States and Canada for the Food and
Agricultural Organization of the United Nations (Ploskey 1985); see also Kiell (1982) as well
as Laufle and Cassidy (1988).

In Brazilian tropical rivers there has been dramatic loss of fish diversity after
impoundment (Northcote et al. 1985) and interest in the effects of massive flooding by river
impoundment of rain forest there is now developing (Tundisi et al. 1993), with a large
international seminar on the subject held in Rio de Janeiro in April 1996 (Northcote 1996a).

Again surprisingly, none of the chapters in the book covering ecological perspectives
of reservoir limnology (Thornton et al. 1990) deals in any significant way with the role of
flooded vegetation. Nevertheless the long-term role of century old fallen trees in lakes is at
last being recognized and studied (Ridgway 1996).
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Here in British Columbia almost at the start of a province-wide survey of its
limnological resources in 1949, Dr. Peter Larkin, then Chief Fisheries Biologist of the B.C.
Game Department, became embroiled in several major studies of impoundment impacts
resulting from proposed hydroelectric developments. The first was on a large tributary to
Kootenay Lake vital to its trophy Gerrard rainbow trout (Oncorhynchus mykiss) fishery, but
no mention was made of flooded vegetation in his review of potential effects (Larkin 1951).
The second on the massive impoundment proposed for the Nechako River system (Lyons and
Larkin 1952) forms the focus of the present review and will be dealt with in detail later.
Lyons and Larkin’s main concern expressed in 1952 was the effect of flooding trees on
fishability and the subsequent hazards to navigation. The third, dealing with impoundments
on the Campbell River system (McMynn and Larkin 1953) also will be discussed in detail
later, but again major concerns regarding flooded vegetation revolved around recreational
fishability, navigation difficulties and aesthetics. They do comment regarding the flooding of
Lower Campbell Lake without appreciable forest clearing, noting that “It is hardly surprising
that one would anticipate that aquatic life would be sparse on a stump-studded, alternately wet
and dry, recently flooded floor of a coniferous forest.” Surprises do occur in limnology, and
as we shall see later this may well be one of them!

By the late 1950s in British Columbia interest in the impacts of hydroelectric
development on commercial and recreational fisheries was drawn together in a special
symposium on fish-power problems (Larkin 1958). Of the ten papers presented on the
subject, two might have been expected to consider effects of flooding vegetation. That by
Rawson (1958) does not mention the subject. That by Vernon (1958) seems to summarize
provincial thinking of the time in the following statement: “Most of B.C. is heavily forested,
and when lake levels are raised, large areas of trees may be flooded and killed. Angling is
rendered difficult or impossible among standing trees and floating wood debris. The hazards
of boating are greatly increased by scattered floating wood and large accumulations of debris
in sheltered bays. In addition to the physical effects on angling from boats there is a general
lowering of aesthetic and recreational values. During recent years in B.C. the margins of
some lakes have been cleared of trees and debris before water levels have been raised. ” This
viewpoint carried on through a number of other reports on potential impoundment effects -
that on the Peace River (Withler 1959), on the Arrow Lakes system (Anonymous 1965a,b)
and on the Duncan River tributary to Kootenay Lake (Anonymous 1965c,d). Even the recent
review of hydroelectric development impacts on inland fisheries resources in British
Columbia (Hirst 1991) makes no mention about flooded timber in its section on habitat
quality in reservoirs.

Of course reservoir origin has a profound effect on conditions that later develop within
any impoundment. Damming of a river system with few or no mainstem lakes, such as
occurred in the Parsnip-Finlay complex forming Williston Reservoir, has very different
consequences to those experienced in the damming of the large lakes and rivers complex of
the Tweedsmuir Park (Nechako Reservoir) area. In the former the aquatic biota have evolved
for life in flowing water and may not adapt easily to a lotic reservoir environment. For
example, the Piracicaba River in Brazil lost 53 of its 81 (65.4%) species of fish after
impoundment (Northcote et al. 1985). Although lacustrine biota also suffer many effects of
impoundment, these may not be so severe as those subjected on riverine communities. River
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dams also would often inundate a greater area of terrestrial vegetation than would be the case
for a lake that was raised by a similar height. Shoreline sinuosity should be higher in a
dammed river valley (evident by the dendritic shape) than in a dammed lake.

In preparing this review we have used personal lecture material (TGN), references and
files as well as those provided by the Skeena Region staff of the Ministry of Environment,
Lands and Parks. Relevant references were selected from the following abstracting journals:
(1) Applied Ecology Abstracts, (2) Aquatic Biology Abstracts, (3) Aquatic Sciences and
Fisheries Abstracts, and (4) Sport Fisheries / Fisheries Review. In addition, subject indices
and/or titles were searched in the Journal of the Fisheries Research Board of Canada /
Canadian Journal of Fisheries and Aquatic Sciences, in the Transactions of the American
Fisheries Society, in the North American Journal of Fisheries Management, and in Lake and
Reservoir Management.

2.0 ECOLOGICAL INTERACTIONS IN FLOODED LITTORAL ZONES

The greatest, most severe and long-term effects of impoundment are nearly always
expressed on the edges of lakes and rivers that are flooded for various human purposes such as
hydroelectric generation, agricultural irrigation storage and domestic or industrial water
supplies. These effects are multiple, complex, change markedly over time, and sometimes
undergo complete reversals. But as Wootton et al. (1996) show so effectively for predicting
impacts of disturbance on river food webs, consideration has to be given to the interaction of
multiple causal factors.

The littoral zone of any standing body of water theoretically should be its most
productive region. It is here where the two layers of highest productivity, the water surface or
near surface layer, and the bottom or near bottom layer, overlap. It is also here where the
greatest habitat complexity and diversity occurs providing a broad range of differing
microhabitats for exploitation of primary producers whether they be attached algae
(periphyton), planktonic algae (phytoplankton), or rooted and floating larger plants
(macrophytes). Wetzel (1983) devotes two chapters in his basic text on limnology to the
importance of the littoral zone and its communities. And not surprisingly it is also often in the
littoral zone where the greatest abundance and diversity of zooplankters, benthic invertebrates
and fishes are found.

But most reservoirs, especially those used for hydroelectric generation, subject this
vital zone to severe and abnormal conditions which can greatly lower its intrinsic high
productive capacity. First of all the annual range in water level fluctuation is generally
increased greatly so that drawdown changes of 10 to 20 m are by no means uncommon,
exposing large areas of littoral zone to desiccation, severe temperature fluctuations, and in
northern regions to severe erosion due to ice scouring. Then the seasonal timing of high and
low water is usually altered in major ways so that the whole littoral community must either
shift its key biological processes greatly or face elimination - too often for some members it
may be the latter. Whether or not vegetation in the zone of fluctuation is cleared before
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impoundment, there will be much greater erosion of fine materials, be they inorganics or
organics, from this zone after impoundment. Retention of rooted woody vegetation in the
drawdown zone acts to slow this loss by its subsurface soil binding, by its above bottom
breakup of erosive wave action, and by its precipitation of colloidal clay particles (Fig. 1).
While inundated, woody vegetation also provides a much greater surface area for periphyton
and invertebrate attachment than would occur on the bottom if it was removed. Furthermore
it can provide refuge habitat for young fishes, lowering their predation rates (Werner and Hall
1988; Osenberg and Mittelbach 1989), as well as providing feeding and spawning habitat for
older age classes of at least some species of fishes, as will be discussed later.

A B
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Figure 1. Diagrammatic summary of ecological events occurring in the newly flooded (A) and
later (B) shoreline of a reservoir (adapted and modified from Lindstrém 1973). A:
nutrients (e ) from newly flooded land and former littoral bottom of a lake are
transported out into the open water of the reservoir; soil (m) from newly flooded
land and lake littoral bottom is transported downwards with plant debris ( A) from
the flooded land and former littoral region. B: eventually most of the organic
material in the drawdown zone of the reservoir is lost, with disastrous effects on the
littoral flora and fauna; clearing of terrestrial vegetation in the drawdown zone
speeds up this process.
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3.0 VEGETATION DEATH, DECOMPOSITION AND WATER QUALITY

Short-term seasonal flooding will kill many species of trees in the upper littoral zone
of reservoirs (Baxter 1985, Godshalk and Barko 1985) though there are some tolerant tree
species, for example willows (Salix spp.) and some shrubs that can survive partial inundation
(Harris 1975). Above the new high water level, forest vegetation may eventually be killed by
erosive bank undercutting (Grelsson 1981), particularly in permafrost regions (Newbury and
McCullough 1984). Lowering of water levels in late winter after formation of a heavy ice
cover can break and kill large trees (Bollulo 1980). Even permanent flooding only to root
collars of many trees results in their death and most succumb after a year if completely
inundated (Yeager 1949). Herbaceous plants usually die more rapidly than woody ones, most
in less than a month after flooding according to Whitlow and Harris (1979). In contrast,
Eggler and Moore (1961) reported much longer survival rates for trees and bush species
(Taxodium distichum, Nyssa aquatica, Planera aquatica, Cephilanthus occidentalis) of a
Louisiana cypress-tupelo gum swamp during 18 years of impoundment, with at least a
temporary increase in herbaceous aquatics immediately following initial flooding. However
the flora probably were “pre-adapted” to survival in conditions of water level increase.

Vegetative decomposition in reservoirs has been reviewed in detail by Godshalk and
Barko (1985). Large woody trees in temperate regions may show very little trunk
decomposition after centuries of flooding. Lake Waikaremoana, New Zealand, formed by a
landslide about 2000 years ago and now a reservoir (Mylechreest 1978) has large stands of
silver birch (Nothofagus menziesii) erect on its bottom, clearly visible on echo sounder traces
and contributing significantly to large organic debris in the littoral zone as habitat for
macroinvertebrates and salmonid fishes (TGN personal observations). In Algonquin Park,
Ontario, white pine (Pinus strobus) trunks falling into the lake littoral zones create important
fish habitat for centuries (Ridgway 1996). One of the oldest apparently fell into the littoral
zone at an age of about 400 years and has remained there partly submerged since the early
1500s. A large reservoir naturally created by a landslide on the middle Columbia River,
Washington, may have lasted up to 1775 (Lawrence and Lawrence 1958). Its impoundment
Killed many large conifers including ponderosa pine (Pinus ponderosa), Douglas fir
(Pseudotsuga taxifolia), and western hemlock (Tsuga heterophylla) which stood in the
naturally drained reservoir bottom for centuries until reflooded by the Bonneville Dam
impoundment. Conifers flooded by reservoir formation in high latitudes can last for decades
with little change (Van Coille et al. 1983). Balsam poplar logs in an Albertan cold water
beaver pond have a half life of about 57 years and a 95 % life of about 246 years (Hodkinson
1975). Webster and Simmons (1978) give breakdown rates for a variety of eastern North
America trees and shrubs.

Leaves, needles and other soft parts of trees are decomposed much more quickly, as
are shrubs, brush and non-woody vegetation (see Tables 1, 2). Fir and hemlock needles lost
80 to 90 % of their initial dry weight after one year of inundation in Findley Lake, Washington
(Rau 1978). Conifer needle litter decomposed completely in just over a year in a northern
Manitoba reservoir (Crawford and Rosenberg 1984), with the initial loss primarily a result of

Skeena Fisheries Report SK-111 6



leaching and microbial conditioning, and the later mainly a result of macroinvertebrate
feeding (especially by chironomid larvae). The importance of microflora in cellulose
decomposition in reservoirs was noted by Swedish workers in the early 1960s (Overgaard-
Nielsen 1962, Grimas 1964), but has been studied intensively elsewhere more recently
(Godshalk and Barko 1985).

Table 1. Aquatic decomposition rates and persistence time of various vegetation types.
Adapted from Godshalk and Barko (1985).

Vegetation tissue Annual % Mean persistence
type weight loss time (days)
Submersed, floating 94.6 87
Deciduous leaves 90.3 108
Conifer needles 83.4 141
Emergent, marsh 67.7 224
Wood 4.6 5,332

Table 2. Decay parameters for various vegetation types in a cold water beaver pond, Alberta.
Adapted from Hodkinson (1975).

Vegetation Half life 95% life
type (years) (years)
Willow (Salix spp.)? 0.71 3.05
Grass (Deschampsia caspitosa)® 1.04 4.49
Rush (Juncus tracyi)? 1.70 7.33
Pine needles (Pinus contorta) 3.22 13.92
Spruce bark (Picea glauca) 5.75 24.90

2 leaves and stems.

Inundation of trees, brush, shrubs and other terrestrial vegetation in the flooded zone
of reservoirs can result in rapid, dramatic and in part detrimental effects on water quality
conditions (Ploskey 1985, Godshalk and Barko 1985). These are not reviewed in detail here
(see especially Ploskey 1985, Godshalk and Barko 1985 for extensive coverage), but some
general relevant features are summarized in Fig. 2. Because of the great variation regionally
and with specific conditions of impoundment, no absolute time scales are given, but most of
the changes outlined can occur in less than a decade, many within a year or two, and some in a
matter of weeks to days.
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Figure 2. A generalized synthesis of major water quality and related changes following
flooding of littoral soils and vegetation in a reservoir. Adapted from Godshalk and
Barko (1985).

A: Detritus weight loss first from abiotic leaching and later (second smaller peak) after
maximum in microbial abundance and decomposition.

B: Concentration changes in total dissolved organic matter (DOM) and the fraction from
humic compounds. DOM peaks early because of leaching and declines as it is mobilized,;
later it is dominated by large, refractory humic molecules.

C: Concentration changes in dissolved oxygen (DO) and its bacterial consumption by
decomposition as biological oxygen demand (BOD); consumption peaks rapidly due to
leached labile DOM (see B) and DO is depleted.
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D: Concentration changes in major nutrients released during decomposition and the responses
of phytoplankton to available nutrients; nutrient concentration peaks early from leaching
of newly flooded soils and terrestrial vegetation.

Probably all those depicted would have occurred in Nechako Reservoir after impoundment,
although it is unlikely that dissolved oxygen in most areas would have decreased to zero (see
Fig. 2C), and the concentration peaks as well as their timing may not have closely followed
that suggested. Nevertheless in enclosed bays of a large northern B.C. lake (Babine), severe
oxygen depletion (<2 mg/L) occurred very quickly in log storage areas (Power 1988, Power
and Northcote 1991) and biological oxygen demand (BOD) of vegetation leachates in early
stages of timber submergence could be high (Atkinson 1971, Servizi et al. 1971).
Furthermore highly toxic compounds (terpines, tropolones, lignans and others) can be released
from flooded and decomposing or stored vegetation in B.C. and Alaskan waters, causing
heavy mortality in aquatic invertebrates and fish (Pease 1974, Peters et al. 1976, Buchanan et
al. 1976). In contrast, Ball et al. (1975) claim that water quality effects from decaying wood
in reservoirs cannot be detected after three months from inundation.

4.0 LITTORAL COMMUNITY AND FOOD WEB IMPACTS

4.1. Aguatic plants

Littoral zone flooding affects all three sources of primary production in reservoirs:
periphyton, macrophytes and phytoplankton (Wetzel 1983, Baxter 1985, Kimmel and Groeger
1986). Where water level increases and fluctuations are minor there can be rapid
development of dense periphyton growth, especially on the flooded terrestrial vegetation
(Benson and Cowell 1967, Claflin 1968, Baxter and Glaude 1980; see also Fig. 3). Flooding
of vegetation and underlying soil often brings about a short-term nutrient increase (Fig. 2).
Periphyton in some inland standing waters can be the major contributor to primary production
(Wetzel 1983). Flooded trees and logs in tropical reservoirs may develop very high
periphyton cell densities (Obeng-Asamoa et al. 1980, Nwankwo et al. 1994).

Macrophyte growth in reservoirs subject to much fluctuation in water level usually is
restricted to the lowermost drawdown point or below, as was evident in Buttle Reservoir
(Vancouver Island, B.C.) in October 1996 (TGN personal observations). Nevertheless in
those with small level fluctuations, the inundated trees and brush can enhance macrophyte
colonization by the protection provided from strong wave action and by reduced erosion of
organic sediments (Nichols 1974). On the littoral bottom of Douglas Lake, Michigan, 30 year
old brush shelters facilitated establishment of rooted aquatic vegetation (Thomas and Bromley
1968), as did stumps, brush and fallen trees in Buckeye Lake, Ohio (Judd and Taube 1973).
Partly submerged trees in Kariba Reservoir in Central Africa were important for anchoring
mats of Salvinia auriculata (McLachlan 1969).
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Figure 3. Dense periphyton growth on flooded terrestrial vegetation in the littoral zone of

impounded Southern Indian Lake, northern Manitoba. From Baxter and Glaude
(1980).

Undoubtedly the most detailed and long-term study on macrophytes in and adjacent to
the drawdown zone of a reservoir has been that on the Lappish string of lakes in northern
Sweden impounded in 1961 to form Gardiken Reservoir (Wassén 1965). Some 304 species of
higher plants and 98 species of mosses were recorded from the shoreline areas of the system
(Wassén 1966). The higher plants included two species of Deschampsia, a grass genus. Dr.
Wassén found a species of the same genus of grass in the late 1960s along the shoreline of
Dry Lake near Princeton, B.C. in a zone flooded in the spring but exposed for most of the year
by a natural fluctuation of over 5 m in lake level. The Dry Lake species had upper roots like
coil springs which Dr. Wassén thought might be important to its survival in this zone of
severe level fluctuation. Gardiken Reservoir, Sweden has a reversed vertical amplitude (low
in the spring and high in late summer to autumn) of 20 m (Fig. 4). Changes in flora and
vegetation cover on the shore were correlated with the degree of exposure to wind and wave
action, to substrate type, and to seasonal water levels (Nilsson 1978, 1981), with the shore
vegetation of this reservoir dominated by short-lived species capable of setting large numbers
of seeds that are viable for several years when buried in the soil.
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Figure 4. Map (upper) of Gardiken
Reservoir system (fine stippling) in northern
Sweden (19°50°’N, 65°30°W) formed by
impoundment of a chain of lakes (dark
hatching). * shows approximate photograph
(A, B, C) site. A: spring at lowest level,
shore ice-covered. B: early summer, still at
lowest level, shore exposed. C: late summer,
high water level. Adapted from Nilsson
(1981).
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Old reservoirs become devoid of all permanent aquatic vegetation if their amplitude
exceeds 7 m (Nilsson 1979), but in those where summer levels are reasonably constant and
overall fluctuations are narrow, the shoreline can attain a relative stability in a couple of
decades (Nilsson and Keddy 1988). Seda (1968) discusses the natural development of
vegetation around reservoir shorelines, as well as plants suitable for introduction into such
regions.

Relationships between flooded vegetation and phytoplankton production in the littoral
zone of reservoirs are largely indirect (Ploskey 1985), resulting from the usual nutrient
upsurge shortly after impoundment. Phytoplankton densities were 5 to 100 times greater over
reservoir margins where soil had not been stripped (Campbell et al. 1975), whereas topsoil
removal greatly lowered carbon (C), nitrogen (N), and phosphorus (P) nutrient levels and
reduced phytoplankton growth potential by over a half.

4.2. Invertebrates and detritus processing

Over 30 years of benthic studies in littoral zones of reservoirs ranging from North
America to Europe and Africa support the view that flooded terrestrial vegetation can support
a very rich invertebrate fauna. Predictably some of the best early studies come from Sweden,
notably those of Grimas (1961, 1962, 1964, 1965a,b) showing that protected bays with trees
and shrubs remaining have much higher benthic abundance than do exposed areas which have
lost most of the original terrestrial organic matter. Experimental results reported by Gubanova
and Vershinin (1965) for Kamskoe Reservoir (then in the U.S.S.R.) using suspended bundles
of different tree species (spruce, pine, birch) show that benthic biomass (mainly chironomids)
on the tree bundles exceeded that on the nearby bottom by about seven fold. Claflin (1968)
also found an abundant macrofauna (again mainly chironomids) on inundated logs and trees of
two mainstem Missouri River reservoirs. The chironomid midges grazed on periphyton and
pupated there while the adults used the flooded trees as eclosion (hatching) sites. In
impounded Lake Kariba, Africa, submerged trees forme