


























1964 

The 1964 work was confined to experimental 
lockage at Locks 1 and 2, and collection of young fish. 

Lockage of fish.- Periodic sampling of fish move
ment through Lock 1 began March 17 and continued 
through May 12. During this interval, we observed 18 
lockages requiring 33 hours. The Corps of Engineers 
operated the lock for fish passage an additional 62 
hours. From the number of fish netted in the lock 
chamber during periodic sampling, we estimate that 
950 shad and 4,180 alewives and blueback herring 
passed. About 86 percent of the shad passed from 
April 7 to May 7 when water temperatures were 12.8° 
to 20.6° C., and 75 percent of the alewives and 
blueback herring passed from March 17 to April 7 
when water temperatures were 12.2° to 18.9° C. The 
number of shad passed per hour decreased 21 percent 
below the previous season, and the number of alewives 
and blueback herring passed per hour increased 91 
percent (table 2). 

Lock 2, 34.5 miles upstream from Lock 1, was 
operated for passage of fish on May 14 and 22. On May 
14, one lockage was made requiring 4-1 /2 hours. 
During this time, 87 shad, 2 immature striped bass , and 
45 blueback herring passed. On May 22, another 
lockage required 4-1/2 hours, and 77 shad and 1 
striped bass passed. 

Nursery habitat below and above locks.- We sampled 
the Cape Fear River from 7 miles below Wilmington to 
Lock 3 to determine whether clupeid fish used the 
areas as a nursery. Young shad and blueback herring 
were collected from 4 miles below Wilmington to Lock 
3 during July to October, and alewives were collected 
from 3 miles below Wilmington to 4 miles above in 
August and September (table 3). 

Table 3.-Number of young clupeid fishes collected from Wil
mington to Lock 3, Cape Fear River , N.C., July-November 
1964 

Water Fish collected 
Samples: 

Month tempera- taken ture American Blueback 
shad herring Alewives 

0c. Number Number Number Number 
July ...... 25.5-26 .7 8 52 541 0 
August .... 25.0-26.7 12 47 388 6 
September. 18.9-26.0 13 35 191 7 
October .. . 15.0-22.8 12 32 0 0 
November. 13.9-15.5 7 3 0 0 
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1965 

The 1965 work included experimental lockage of 
fish and sampling to locate nursery areas. 

Lockage of fish. - Periodic sampling of fish move
ment through Lock 1 began April 17 and continued 
through May 6. During this interval, we observed 13 
lockages requiring 22 hours. The Corps of Engineers 
operated the lock for fish passage for an additional 77 
hours. Based on the number of fish netted in the lock 
chamber during periodic sampling, we estimate that 
1,458 shad, 400 immature striped bass, and 15 ,818 
alewives and blueback herring passed. During lockage 
for fish passage , water temperatures were 17.8° to 
20.0° C., and the upper pool level varied from 16.1 to 
18.1 feet. The number of shad passed per hour 
increased 50 percent over the previous season, and the 
number of alewives and blueback herring passed per 
hour increased about 250 percent (table 2). 

Lock 2 was operated for the passage of fish from 
April 21 to May 26. During this interval , we made 
seven lockages requiring 17 hours. A total of 92 shad, 6 
immature striped bass, and 724 alewives and blueback 
herring passed. 

Nursery habitat below and above locks. - We con
tinued studies on the Cape Fear River as a nursery for 
clupeid fish and compared the growths of young shad 
hatched above Lock 1 with the shad hatched in the 
Black and North East Cape Fear Rivers. 

In mid-August, we sampled these areas for water 
quality and distribution of young shad, alewives, and 
blueback herring (table 4). Water quality differed little 
in the areas. Distribution of the young fish was about 
the same as in previous years. The growth of young 
shad was excellent in all areas, but growth of those 
hatched above Lock 1 was greater than in the Black or 
the North East Cape Fear Rivers. 

From October 2 to 14, we observed that young shad 
and blueback herring moved downstreanl from above 
Lock 1 and out of the tributaries, presumably to sea. 
Water flow increased sharply during this interval: Water 
level in the Upper pool at Lock 1 increased from 17.5 
to 25.0 feet, and water temperatures dropped from 
22.8° to 15.6° C. 

1966 

Lockage of fish. - From April 6 to May 24, we 
continued experimental lockage of anadromous fish 
upstream during their spawning migration. From the 
number of fish netted in the lock chamber during 
periodic sampling, we estimate that 4,097 shad, 200 



Table 4.-Size of clupeid fishes by area in mid-August 1965, Cape Fear River System, N . . 

'0 Fork length 1 Water properties ., 
Distribution 

-5it; 
DISSolved River and species .- '" "":::l pH 0 Range Average Temperature oxygen u 

Cape Fear No. Mm. Mm. 0c. P.P.m. 

Shad ........ From river mile 3 (10 miles [rom river 16 53-88 65.6 25.0-26.6 3.8-5.8 6.6-6.7 
mouth) to river mile 93 (Lock 3). 

3.8-5.8 6.6-6.7 Alewives ..... From river mile 3 (32.5 miles below Lock 2 43-47 45.0 25.0- 26.6 
1) to river mile 9 (5 miles above 
Wilmington). 

Blueback herring. From river mile 3 (10 miles from river 157 34-68 49.9 25.0-26.6 3.8-5.8 6.6-f>.7 
mouth) to river mile 93 (Lock 3). 

Black 
Shad ....... From river mouth to Highway 411 bridge, 8 33-78 52.4 25.5-27.8 2.8-7.0 5.0-6.5 

about 35 miles. 
Blueback herring . . . . ... . . . . .. do ............ 66 41-63 49.5 25.5-27.8 2.8-7.0 5.0-6.5 

North East Cape Fear 
Shad . ...... From 10 miles above river mouth to High - 11 38-83 53.3 25.5-28.9 3.0-{i.4 6.2-6.6 

way 24 bridge, about 57 miles. 
Alewives ... .. From river mouth to Sones Ferry. about 25 3 43-64 51.0 25.5-28.9 3.0-{i.4 6.2-6.6 

miles. 
Blueback herring. From river mouth to 5 miles above High- 69 34-55 49.8 25.5-28.9 3.Q-{i.4 6.2-f>.6 

way 53 bridge, about 45 miles. 

1 Fork length of young shad taken in the Cape Pear River are measurements of fish collected above Lock I. 

immature striped bass, and 2,296 alewife and blueback 
herring passed at Lock 1 in the III hours it opera ted. 
Wat~r temperatures were 13.9° to 22.2° C., and water 
levels in the upper pool were 16 .0 to 18.2 feet. The 
number of shad passed per hour increased about 176 
percent over the previous season, and the number of 
alewives and blueback herring passed per hour in
creased 28 percent. 

At Lock 2 an estimated 854 shad, 19 immature 
striped bass, and 11,762 alewives and blueback herring 
passed during the 145 hours the lock was operated for 
fish passage. Water temperatures were 14.4° to 22.2° 
C., and water levels ranged from 25.0 to 27.8 feet in 
the upper pool. The numbers of shad and striped bass 
passed per hour were about the same as in the previous 
season, and the number of alewives and blueback 
herring increased about 90 percent. 

At Lock 3,58 miles upstream from Lock 1,50 shad 
and 350 alewives and blueback herring were passed in 
the 3 hours the lock was operated for fish passage. 

EFFICIENCY OF THE LOCKS FOR 
THE PASSAGE OF FISH 

During the lockage experiments, certain difficulties 
adversely affected the efficiency of the locks for 
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upstream passage of fish: (1) The locks could be 
operated for fish passage only when boat traffic was 
light-operations ceased temporarily when the locks 
were used for navigation; (2) the downstream entrance 
of the lock chambers IS located so as not to be 
attractive to fish-most fish are attracted to the base of 
the dam about 140 feet upstream from the lock 
openings; and (3) water was insufficient to opera te 
Lock 1 for fish passage during much of the scheduled 
period. 

During lockages in 1965, we tagged shad in an 
attempt to determine the efficiency of Lock 1 for this 
passage. We tagged 80 fish below Lock 1 and 122 in 
the lock chamber. Of the shad tagged below the lock, 
36 were recaptured by the commercial fishery in the 
vicinity of release, 2 were recaptured during periodic 
sampling of the fish moving through Lock I, and 1 was 
recaptured in Lock 2. These recaptures were made 
from 1 to 28 days after release. Of the 122 shad tagged 
in Lock 1 (an estimated 8.2 percent of the total 
number of shad passed that year), 9 were recaptured in 
Lock 2 (9.7 percent of the total number of tagged fish 
released in Lock 1) within 2 to 23 days after release. 
The tagging indicated that at least a portion of the fish 
passed at Lock 1 continued to move upstream beyond 
Lock 2. We made no conclusions, however, concerning 
the efficiency of Lock 1 because of the small number 



of fish tagged and recaptured. Lock 2 was operated too 
few hours for us to attach any significance to the 
number of shad passed. 

EVALUATION OF THE LOCKAGE 
EXPERIMENTS 

It appears that anadromous fish will use navigation 
locks to pass upstream and that locks may be used to 
restore, at least in part , spawning runs above such 
barriers where stream conditions are otherwise suitable. 
During the five seasons Lock 1 was operated for 
passage of fish, an estimated 17 shad and 81 alewives 
and blueback herring passed per hour. Most of the fish 
called alewives and blueback herring were the latter 
species, but exact separation of the two was not 
attempted. The number of fish passed per hour 
increased from about 10 shad and 11 alewives and 
blueback herring in 1962 to 37 shad and 183 alewives 
and blueback herring in 1966; the greatest increases 
were in the fourth and fifth seasons (table 2). The 
increase was probably due to refinement of our 
techniques and possible "homing" tendency of the 
species. Bell and Holmes (1962), Nichols (1961), and 
Talbot and Sykes (1958) reported that each stream, 
possibly each spawning area, supports a self·perpetu
ating population (race) of shad that return to spawn in 
the same area. The stream conditions above Lock 1 are 
evidently suitable for the survival and development of 
young shad, alewives, and blueback herring, since 
occasionally during sampling as many as 37 shad and 
65 alewives and blueback herring were taken per 
lO-minute trawl tow. Movement of striped bass 
through the locks was probably a feeding migration. 

Periodic sampling of the locks indicated that runs of 
alewives and blueback herring were earlier than the 
runs of shad. About 75 percent of the alewives and 
blueback herring passed upstream at Lock 1 from 
mid-March to mid-April when water temperatures were 
12.2° to 18.5° C., whereas 30 percent of the shad were 
passed between April 10 and May 10 when the water 
temperatures were 13.5° to 20.5° C. 

We had some concern about passage of anadromous 
fish over the dams during periods of high flow in early 
spring. Before the start of the lockage experiments at 
Lock 1 in the spring of 1966, Lock 2 was operated for 
the purpose of passage of fish on AprilS and 6. On 
April 5, when one lockage requiring 2-1/2 hours was 
made, 4 male shad and 90 alewives and blueback 
herring passed. On April 6, one lockage requiring 2 
hours passed 4 suckers and 2 gizzard shad. The 
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experiment showed that a few anadromous fish do pass 
over the dam during high flow or through the lock 
chamber during boat passage. 

Each autumn, young shad move downstream from 
above Lock I at the time of a freshet in the river and a 
drop in water temperature. These changes probably 
stimulated the young fish to move. Also, observations 
showed that Lock and Dam 1 did not deter the young 
fish from moving downstream. 

In addition to anadromous fish that passed up
stream through the locks, resident species also used the 
locks. Those taken during periodic sampling of the lock 
chambers included: longnose gar, Lepisosteus osseus 
(Linnaeus); gizzard shad, Dorosoma cepedium 
(LeSueur); redhorse sucker, Moxostoma spp.; bluegill, 
Lepomis macrochirus Rafinesque; redbreast sunfish, L. 
auritus (Linnaeus); black crappie, Pomoxis nigromacu
latus LeSueur; bowfin, Amia calva Linnaeus; carp, 
Cyprinus carpio Linnaeus; white catfish,lctalurus catus 
(Linnaeus); channel catfish, l. punctalus (Fafinesque); 
brown bullhead, l. nebulosus (LeSueur); and black 
bullhead, l. melas (Rafinesque). With the exception of 
carp, longnose gar, and white catfish, none of the 
resident species appeared in large numbers at any time 
in the lock chamber. We made no estimate of the 
number in the samples. 

As a result of locking ·shad upstream, a sport fishery 
developed for the species above Lock 1. The sport 
catc increased from 12 fish in 1963 to about 560 in 
1966. Before the lockage experiment, no shad had 
been reported taken on hook and line in the Cape Fear 
River. 

Probably the most important parts of any fishway 
passage facility are the attraction water and the fish 
entrance (Clay, 1961). As previously mentioned, spill
age over the dams on the Cape Fear River possibly 
attracts most fish to the base of the obstruction so that 
they bypass the lock chamber entrance. If the locks 
could be modified so that the attraction water enters 
the river from the lock chamber immediately below the 
dam, it would be Simpler to lead the fish into the lock 
chamber. Or, if it were feasible to control the spillage 
over the dam by flashboards or some other means and 
direct the river flow through the lock chamber, it 
would be easy to lead most of the migrating fish into 
the lock chamber. Also, if we knew what velocities in 
lock chambers are optimum to encourage the migrating 
fish to keep moving in the required upstream direction, 
we might be able to increase the efficiency of the locks 
for the upstream passage of fish regardless of whether 
the attraction water entered the river at the present 
location or at the base of the dam. 



The locks provide a much needed outdoor labora· 
tory for the study of fish passage, and the findmgs can 
be applied to the planning of water developments 
elsewhere. Continued studies are needed, however, to 
refine techniques for lockmg fish upstream and to 
modify the structures, to assure maximum efficiency 
of passage for fish. 

SUMMARY AND CONCLUSIONS 

Cooperative studies were made each spring in 
1962·66 at navigation locks to determine the feasibility 
of locking anadromous fish upstream during their 
spawning migration in lieu of installing fish ways on the 
Cape Fear River, N.C. Lock I, about 65 miles upstream 
from the river mouth, was operated 579 hours for the 
passage of fish and an estimated 9,770 shad, 626 
immature striped bass, and 46,892 alewives and blue· 
back herring passed. Lock 2,34.5 miles upstream from 
Lock 1, was operated 171 hours and an estima ted 
1,110 shad, 28 irrunature striped bass, and 12,531 
alewives and blueback herring passed. At lock 3. 23.5 
miles upstream from Lock 2. 50 shad and 350 alewives 
and blueback herring passed In 3 hours. 

Most of the fish called alewives and blueback 
herring were the latter, but exact separation of the two 
species was not attempted. Resident species also 11 ed 
the locks, but no estimate \\!as made of the number 
passed. 

Certain difficulties adversel} affected the efficiency 
of the locks for the upstream passage of fish: (1) the 
locks could be operated for fish passage only when 
boat traffic was light; (2) the downstream entrance of 
the lock chambers is poorly located to attract fish: and 
(3) water was insufficient to operate Lock I during 
much of the scheduled period. Using tagged shad we 
attempted to determine the effiCiency of the locks for 
the upstream passage of shad but reached no conclu· 
sions. 

Collection of young fish indicated that stream 
conditions above Lock I are suitable for the survival 
and development of young shad and other clupeid fish. 
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Also, we showed that Lock and Dam I were not 
deterrents to the downstream movement of the fish. 

We concluded that: (I) anadromous fish will use 
naVigation locks to pass upstream, and hence locks may 
be used to restore, at least in part, spawning runs above 
barriers; (2) continued studies are needed to refine 
techniques for locking fish upstream and to develop 
modifications in the locks 10 a Sure maximum effici· 
ency; and (3) the Cape Fear River locks provide a 
needed outdoor laboratory for the study of fish 
pa age, and Ihe findings can be applied in the planning 
of fi h pas age elsewhere. 
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