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EVALUATION OF THE EFFECTS OF CHANNELIZATION
ON FISH POPULATIONS IN NORTH CAROLINA'S

COASTAL PLAIN STREAMS

By WILLIAM H. T ARPLEE, JR., DARRELL E. LOUDER,
AND ANDREW J. WEBER

North Carolina Wildlife Resources Commission
Raleigh, North Carolina

ABSTRACT
This research study was designed to determine the degree of damage,

if any, to fish populations resulting from channelization, and to determine
the rate of recovery, if the damage was significant.

This study points out the detrimental effects stream channelization
has on fish populations and on the flora and bottom fauna of streams.
The study also indicates that following channelization, and with no
channel maintenance, nature can ultimately restore a coastal plain
stream and its fish population to a stage reasonably near its natural
condition, provided no further alterations of the stream bed, banks,
forest canopy, or aquatic vegetation occur.

INTRODUCTION
Ecologists have thought for some time that channelization projects

are detrimental to fish and wildlife in project areas. Channelization, a
type of stream alteration often employed under Public Law 566 and
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Section 205 of the 1948 Flood Control Act, probably has the most
ecological significance in the Coastal Plain where it changes the whole
wetland stream-swamp environment. In recent years, channelization
projects have become abundant throughout the United States, although
Leopold and Maddock (1954) and Hoyt and Longbein (1955) concluded
that rivers are not flooding more frequently than in the past, even though
it may appear so as a result of people moving onto the land which
floods periodically.

The U. S. Soil Conservation Service and the U. S. Army Corps of
Engineers refer to channelization as "channel improvement" and "water
shed management." Others, such as Bauer and East (1970) described
channelization "as an insidious cancer and stated that channelization"
contradicts many of the basic principles of water management that land
and wildlife experts have advocated for the past 25 years. Georgia Con
gressman Ben Blackburn III (1969) stated: "The intent of P. L. 566
was to save and improve, but it is being used to destroy."

In the past, there was little concrete data to support either side of the
channelization argument. Both sides have formulated their arguments on
their own observations and/or limited studies.

This study was designed to determine the dEjgree of damage, if any,
to fish populations and their habitat resulting from channelization, and
to determine the rate of recovery, if the degree of damage was significant.

METHODS AND PROCEDURES
At the inception of this study, listings of North Carolina streams now

channelized or currently being channelized were obtained from the U. S.
Army Corps of Engineers and from the U. S. Soil Conservation Service.
These lists included project starting and completion dates, as well as
location and extent of each project area. The streams sampled were
selected from these lists with regard to the general location in the State,
and the number sampled was determined by the amount of time which
could be allocated for sampling (Figure 1). Streams were selected to
give a representative picture of the effects of channelization in E_astern
North Carolina. Seven unchannelized streams also were sampled to
supplement the data on natural streams recorded previously. The date of
channelization was considered to be the mid-point of the construction
period.

One to three fish population samples were taken on each stream, de
pending on the number of different ecological types represented in the
channelized portion of the stream. Upon determining the general loca
tion of the sample area, a section of stream not less than 98 feet, and not
greater than 326 feet was marked off at the downstream end with 14
inch mesh block nets. The sample areas were selected to include all
factors influencing a given fish population in a particular ecological type.
Large holes, such as those below highway bridges, were excluded.

Emulsifiable 5% rotenone was applied at a concentration of 1.0 ppm.
to the area sampled for a period of five minutes. The rotenone was
detoxified below the block net with potassium permanganate in a con
centration slightly higher than 1.0 ppm. The fishes affected by the
rotenone were collected with dip nets and from the block net and placed
in plastic buckets for later identification and measurements.

After all fishes in the sample area were collected, physical and chemi
cal measurements were made. Physical measurements included length
and width of the stream section sampled, depth of the area sampled,
rate of stream flow, water temperature, air temperature, and stream
turbidity. Chemical measurements made at each sample site included
dissolved oxygen, carbon dioxide, pH, and total alkalinity using methods
as outlined in "Standard Methods for the Examination of Water and
Wastewater," (1965).

Aquatic vegetation, forest canopy, undercut banks, bottom type, and
natural stream obstructions, considered essential cover requirements for
a good fish population, were evaluated at each station. Identification of
aquatic vegetation was made at streamside. Any aquatic vegetation not
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readily identified was preserved and taken to the laboratory for positive
identification. Each sample area was assigned to one of three cover
classes depending on the degree of forest canopy, aquatic vegetation, and
physical cover characteristics. Cover classes assigned were 0 - 4.9, 5.0
14.9, and 15.0 - 100 percent, on the basis of what appeared to be natural
groupings for classes 1, 2, and 3, respectively.

Two stream bottom samples were taken at each sample site to de
termine number and kind of fish food organisms present. These samples
were made with either a Surber sampler or an Ekman dredge, depending
on the type of stream bottom and water depth. Bottom organisms were
picked from the samples at streamside and preserved in 70% alcohol
for later identification in the laboratory. The average volume per square
foot was obtained by the water displacement method.

After obtaining physical, chemical and bottom fauna data from each
sample site, the fishes were tentatively identified, classed according to
species, grouped by inch-classes and weighed. A representative sample
of each fish species was preserved in 10% formalin for later verification
of identification in the laboratory (Table 1). The fishes collected were
classified as game or nongame with total weights and total numbers,
by species, converted to weights and numbers per surface acre.

For the purpose of this report, the following eighteen species were .
considered game fishes: ladyfish, American shad, redfin pickerel, chain
pickerel, white perch, largemouth bass, warmouth, green sunfish, spotted
sunfish, pumpkinseed, redear sunfish, redbreast sunfish, bluegill, black
crappie, mud sunfish, flier, yellow perch, and spot (Table 1). Attention
was given to the number of game fishes per surface acre of harvestable
size (> six inches in length).

The many factors and combination of factors affecting fish populations
in both natural and channelized streams prompted a system of analysis
taking these many factors into account. A diversity index was calculated
for each stream sampled. The diversity index provided a method for
combining or summarizing a great mass of data on community structure
into one quantative expression (Wilhm and Dorris, 1968.) The Brillouin
form H=1/N Log ( N! ) of the diversity index as

Ih ! nz ! n. !
set forth by Lloyd et al. (1968) and Pielou (1966) was used. Sterling's
approximation for factorials of Loglon! was used for values exceeding
the table presented by Lloyd et al. (1968). The scale factor for conversion
of logarithms to base 2 was 3.321928.

RESULTS AND DISCUSSION
Biological samples, chemical samples and physical measurements were

obtained from 7 natural and 46 channelized stream sites during 1970.
In addition, 21 natural North Carolina stream surveys, made prior to
1970, were selected by size, location, and type, and were incorporated
into the study for a greater comparison. The samples were taken from
nine North Carolina Coastal Plain watersheds to obtain the overall
view of the effects of channelization (Figure 1). While taking the 53
samples in 1970, 65 species of fishes representing 24 families were col
lected (Table 1).

Summertime water temperatures ranged from a cool 66° to a high of
84° Fahrenheit in the natural streams where the forest canopy had been
undisturbed. In channelized streams, where the forest canopy had been
removed, summertime water temperatures varied from 66° to a high of
98° Fahrenheit (Tables 2 and 3). The 66° Fahrenheit water temperature
was recorded from a stream which was in the process of being chan
nelized and the forest cover had not been completely removed.

Two streams, Caw Caw Swamp and Dunn Swamp, had summer water
temperatures exceeding 90° Fahrenheit, the maximum legal water tem
perature permitted under the State of North Carolina's water quality
standards (Dept. of Water and Air Resources, 1970). These high water
temperatures resulted from the direct exposure to the sun over the
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stream's entire length, as a result of the complete removal of stream
bank vegetation and forest canopy.

The average widths of the sampling area of the natural streams
ranged from 9.8 to 75.0 feet with average depths from 0.7 to 10.0 feet.
The average widths of channelized streams sampled ranged from 8.4
to 85.5 feet with average depths from 0.14 to 6.15 feet. Most channelized
streams were extremely shallow and had few deep pools, whereas the
undisturbed natural streams were much deeper and contained numerous
deep pools (Tables 2 and 3).

One factor which repeatedly influenced a stream's fishery, directly
and/or indirectly through chemical composition and physical make-up,
was cover. Of the natural streams evaluated, only one was assigned
cover class 1, that being Dunn Swamp, whereas 20 of the 46 chan
nelized streams were in cover class 1. These 20 streams had one thing
in common; they either were recently channelized or were intensively
maintained by the removal of vegetation as it became reestablished.

In the process of channelization, all cover was stripped from the
stream, the stream banks, and from an area 50 to 100 feet from the
channel (cover class 1). As time passed and little-to-no maintenance
work was carried out, secondary ecological succession took place in the
stream bed and on the stream banks. The force of the moving water
created undercut banks and potholes which provided cover for fishes, and
in the shallow eddies, emergent vegetation began to grow (cover class 2).
Succession continued as time passed and the forest canopy shaded part
or all of a given stream. Submergent vegetation appeared, potholes
became deeper, and there was greater undercutting of the banks (cover
class 3). The rate of succession and channel alteration in channelized
streams was related to the amount of rainfall, runoff, soil type, fertility,
and other factors affecting the physical and vegetative characteristics of
that given ecosystem.

To determine what adverse effects channelization had on North Caro
lina Coastal Plain streams, a comparison of 28 natural versus 46 chan
neled streams was made. Comparisons made included pounds of fish per
surface acre, pounds of game fish per surface acre, pounds of nongame
fish per surface acre, number of harvestable game fish per surface
acre, average number of fish per pound, volume of fish food organisms,
and species diversity (Figure 2).

The average weight of fish per surface acre in natural streams was
found to be 155.37 pounds, whereas in channelized streams it was only
49.41 pounds, or 31.8 percent of that of natural streams.. In terms of
fish carrying capacity (pounds of fish per acre), none of the natural
streams were as low as the channelized streams, although a high degree
of variability was observed in both natural and channelized streams
(Tables 2 and 3). A few channelized streams were found to have greater
total weight of fish per surface acre than a few of the natural streams
sampled. However, in general, the highest total weights of fish encoun
tered per surface acre were in the natural streams and the lowest
weights per surface acre were in the channelized streams.

The average poundage of game fish per surface acre was 426.7 percent
greater in natural streams than in streams which had been channelized
or 77.41 pounds as opposed to only 18.14 pounds. The average
poundage of nongame fish per surface acre was also greater in natural
streams (77.95) than in streams which had been channelized (31.27).
As can be seen here, channelization appears to affect game fish more
than nongame fish. There were approximately 50 percent less game fish
than nongame fish by weight per surface acre in channelized streams,
whereas in natural streams, there was approximately a 1:1 ratio by
weight. In addition to this, the number of harvestable game fish (> 6"
in length) per surface acre was found to be reduced 76.7 percent, as a
result of channelization (Tables 2, 3, and Figure 2). The greater re
duction of game fish over nongame fish following channelization reduced
the value of the stream to the sport fisherman even more than was
indicated by the reduction in total weights of fish.
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The average size of fish in channelized streams was found to be smaller
than was the average size of fish in natural streams (Figure 2). Chan
nelized streams on the average yielded 31.9.80 fish per pound as com
pared to 108.76 fish per pound in natural streams. One probable factor
influencing this was the 78.8 percent reduction of macrobenthic inverte
brates which occurred as a result of the alteration of bottom type and
stream flow regimen associated with channelization (Figure 2). In an
ecosystem where the components of lower trophic levels are reduced,
it follows that the biomass of consumers in higher trophic levels, will
be reduced.

The difference between the mean species diversity in natural and
channelized streams indicated that the overall quality of streams was
reduced 27.5 percent following channelization. The mean species diversity
for natural streams was 2.8089 and the mean species diversity for chan
nelized streams was 2.0365 with standard deviations of 0.6621 and 0.8304,
respectively. The diversity index calculated for South Creek in 1965 was
considered to be biologically unsound because a school of juvenile At
lantic menhaden entered the sample area during the period of sampling.
For this reason, this figure was omitted from calculations involving di
versity index.

When dealing with fish populations in streams, either natural or chan
nelized, there are certain factors that cause natural variations in fish
populations. In view of this, the data were partitioned to compare natural
and channelized streams taking these natural variations into account.
Streams were compared as to the percentage of streams sampled with
total weight of fish per surface acre in 25- and 50-pound classes. Con
siderably more channelized streams exhibited low fish-carrying capacities
than did natural streams.

Forty-four percent of the 46 channelized streams sampled had carry
ing capacities of less than 25 pounds of fish per surface acre, whereas,
only 18 percent of the 28 natural streams sampled yielded less than 25
pounds (Figures 3 and 4). Forty-six percent of all natural streams

o 25 50 15 1.00 125 150 115 200 225 250 275 '00
POUNDS

FIGURE 3. Distribution, by Weight Per Acre, of Fish in Natural Streams
.0

~~7S~125~on52002H250m'OO'25'~m_m~~~5~5~~575~

POUNDS

FIGURE 4. Distribution, by Weight Per Acre, of Fish in Channelized
Streams
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sampled yielded greater than 100 pounds of fish per surface acre;
however, only 15 percent of the channelized streams had more than 100
pounds of fish per surface acre. No channelized streams had more than
300 pounds of fish per surface acre, yet 10.5 percent of the natural
streams had greater than 500 pounds of fish per surface acre.

Comparisons of total weight per surface acre of game fish demon
strated a striking difference between natural and channelized streams.
For instance, 76 percent of the channelized streams, compared to only
25 percent of the natural streams studied, had less than 25 pounds of
game fish per surface acre (Figures 5 and 6). Furthermore, 46 percent
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of the natural streams, compared to only 6.6 percent of the channelized
streams, had game-fish populations greater than 50 pounds per surface
acre. The greatest carrying capacity of game fish found in a channelized
stream was 150 pounds, whereas, 14 percent of the natural streams had
game-fish populations varying from 150 to 375 pounds per surface acre.

There are some distinct differences in fish populations within channel
ized streams which appear to be related to cover and time. Species
diversity was plotted against cover and a line fitted to the points by eye
(Figure 7). As can be seen from the figure there was only a slight in
crease in the diversity index between cover class 1 and cover class 2,
whereas, a considerable increase occurred between cover class 2 and cover
class 3. From these data, it appeared that an increase in cover from
0-14.9 percent did little to increase the quality of a stream. However,
the data indicated that increases in cover above 15 percent resulted in
marked improvements in habitat quality and total pounds of fish per
acre.

Diversity also was plotted against time since channelization to deter
mine the rate of recovery following stream channelization (Figure 8).
Using the criteria outlined above, fish populations in channelized streams
appeared to recover in approximately 15 years, provided no further al
teration of the stream bed, banks, forest canopy, or aquatic vegetation
occur.

This study clearly pointed out the detrimental effects that stream
channelization had on fish populations and the stream's flora and bottom
fauna. The study also indicated that, following channelization and with
no channel maintenance, nature can restore a stream and its fish popu
lation to a stage reasonably near its natural condition in a period of
about 15 years. It would appear from this study that the implementa
tion of channelization activities that preclude the destruction of stream
bank cover would greatly ameliorate the destructive effects of present
channelization practices (Figure 9).

CONCLUSIONS
The conclusions reached from this study of the effects of channelization

on fish popula~ions in North Carolina Coastal Plain streams were:
1. The removal of forest canopy and stream cover by channelization

can warm Coastal Plain streams having white, shifting sand bot
toms to a temperature higher than that permitted by North Caro
lina State law.

2. Most channelized streams are extremely shallow, have a flat bot·
tom and contain few deep pools, whereas, undisturbed natural
streams are deeper and contain numerous deep pools.

3. The greatest single factor affecting a fish population appears to
be the amount of stream cover.

4. Data indicate that natural streams have an average carrying
capacity per surface acre in excess of three times that found in
streams which have been channelized.

5. The average poundage of game fish per surface acre was over 400
percent greater in the natural streams than in the channelized
streams.

6. Channelization appears to adversely affect game fish more than
nongame fish.

7. The number of harvestable game fish (> 6" in length) was reduced
by more than 75 percent by channelization.

8. Natural streams produce larger fish than do channelized streams.
9. Invertebrate macrobenthos were reduced by 78.8 percent in volume

following channelization.
10. The overall quality of streams, as based on species diversity, was

reduced by 27.5 percent following channelization.
11. Species diversity increased with corresponding increases in cover,

and time since channelization.
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Top: Stream prior
to channelization

Right: Stream
immediately
following
channelization

Below: Channelized
stream showing
stream recovery
without channel
maintenance

FIGURE 9. Photographs Depicting Channelization
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12. Forty-six percent of the natural streams yielded fish populations
greater than 100 pounds per surface acre, whereas only 15 percent
of the channelized streams had more than 100 pounds per surface
acre.

13. Forty-six percent of the natural streams revealed game-fish carry
ing capacities greater than 50 pounds per surface acre, whereas,
only 6.6 percent of the channelized streams had a game-fish carry
ing capacity in excess of 50 pounds per surface acre.

14. There was a considerable increase in the diversity index between
cover classes 2 and 3 indicating that stream quality increases pro
portionately to the amount of cover.

15. Fish populations, as represented by species diversity, in a chan
nelized stream may recover to natural levels in approximately
15 years provided no further alterations of the stream bed, bank,
forest canopy, or aquatic vegetation occur.
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THE GROWTH OF CAGED Tilapia aurea (Steindachner)
IN FERTILE FARM PONDS
By WILLIAM ARMBRESTER, JR.

Agricultural Experiment Station
Auburn University, Auburn, Alabama

Caged Tilapia aurea were cultured for a 10-week period in four ex
perimental ponds (between 10 and 26 acres) to determine how efficiently
these fish are able to use plankton as a source of food and to determine
the value of Purina Trout Chow and Auburn No.2 as supplemental
rations for caged T. aurea in two common types of fertile farm ponds.

Fingerling T. aurea were stocked at the rate of 150 fish per 0.25-cubic
meter cage (0.956 pounds per cage). There were four cages per pond.

Blooms of plankton were produced by inorganic fertilizer in two ponds
which contained established bluegill-bass populations, and blooms of
plankton were produced by a combination of supplemental feeding of
catfish and inorganic fertilizer in the other two ponds which contained
catfish under intensive culture.

One cage of T. aurea per pond received no supplemental ration. Three
cages of T. aurea received supplemental rations six days per week. The
three rations consisted of Purina Trout Chow at 3.0 per cent of the
weight of fish per day, Auburn No.2 at 3.0 per cent, and Auburn No.2
at 1.5 per cent.

T. aurea consumed plankton efficiently enough for considerable growth.
The mean production of T. aurea which received no supplemental feed
was 8.90 pounds of fish per cage in the bluegill-bass ponds and 24.39
pounds of fish per cage in catfish ponds.

C feed conversion values (Swingle, 1958) indicated that Auburn No.
2 as a supplemental ration in all cases was unsatisfactory. C values for
T. aurea which received the Purina Trout Chow ration in the bluegill
bass ponds were 1.0 and 1.5. C values for T. aurea which received the
Purina Trout Chow ration in the catfish ponds were 3.3 and 6.3.

There was less variation in weight among harvested T. aurea than
among the fingerlings which were stocked. There was less variation in
weight among T. aurea in catfish ponds than among T. aurea in bluegill
bass ponds.

INTRODUCTION
The blue tilapia, Tilapia aurea (Steindachner), has been evaluated as

a pondfish (Swingle, 1960; McBay, 1961; Shell, 1966; Kilgen, 1969;
Pagan, 1970) and as a new exotic in several lakes of South Central
Florida (Buntzand Manooch, 1969). Buntz and Manooch (1969) demon
strated that T. aurea did not provide an additional sport fishery in
Florida but that these fish did provide a source of additional food when
the public harvested them by special methods, such as snagging or cast
netting. Swingle (1960) demonstrated that T. aurea (then identified as
Tilapia nilotica), when fed, was an efficient pondfish, yielding a maxi
mum of 4,003.7 pounds per acre in 208 days from 100 brood. However,
there was a high percentage of fish of unharvestable size. Swingle
(1960) noted that ponds stocked with T. aurea withstood high feeding
rates, up to 100 pounds of feed per acre per day, without any depletion
of dissolved oxygen or heavy phytoplankton scums. McBay (1961) dem
onstrated that temperatures below 55°F for extended periods were lethal
to T. aurea (then identified as T. nilotica) at sizes of 11 inches and
below. McBay also demonstrated that T. aurea (then identified as T.
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