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Plankton drift-net collections of American shad (Alosa sapidissima) eggs indicated that spawning
in the Annapolis River, N.S., occurred from 7 May to 19 June in 1976. Spawning was related to
water temperatures on the spawning grounds. Peak spawning (80% of eggs collected) occurred
from 12-19 May when water temperatures were 14-15°C . Few eggs were netted at< 13°C {3%) or
at>18°C (1%). Spawning occurred throughout the day but most occurred during the evening and
at night. Shad spawned in fresh water with the majority {98% of all egg collections) of spawning oc-
curring >22 km upstream from the tip of the salt wedge in this stratified estuary.

Les récoltes d'oeufs de I'alose américaine (Alosa sapidissima) effectuées a I'aide d’un filet planc-
tonigue dérivant indiquent que cette espéce s'est reproduite, dans la riviere Annapolis (Nouvelle-
Ecosse) entre te 7 mai et le 10 juin 1976. La reproduction était relide aux températures de I'eau des
frayeres. Les maxima de reproduction (80% des oeufs récoltés) se sont produits entre le 12 et le 13
mai lorsque la température était inférieure a 13°C (3%) ou supérieure a 18°C (1%). Le frai se
produit pendant toute la journeé mais la plus grande partie de celui-ci se produit pendant la
soirée et durent la nuit. L'alose se reproduit en eau douce: la majorité du frai se produit 3 une
distance supérieure 4 22 km en amont de |'extremite du front salin de cet estuaire stratifié.

infroduction

The American shad (Alosa sapidissima), largest member of the herring family
(Clupeidae) is native to the east coast of North America from Newfoundland to
Florida. Introduced to the Pacific coast in 1871, it occurs from southern California
to Cook Inlet, Alaska, and along the Kamchatka Peninsula on the Asiatic side (Scott
& Crossman 1973). Shad are anadromous, the precise time of their upstream
spawning migration depending on the water temperature (Walburg 1960; Leggett
& Whitney 1972; Scott & Crossman 1973; Carscadden & Leggett 1975; Leggett &
Carscadden 1978). In Canadian waters spawning occurs in May, June, or even as
late as July (Scott & Crossman 1973; Gabriel et al. 1976). The spawning of this
species in the United States’ rivers has been well documented (Massmann 1952;
Walburg 1960; Watson 1968; Chittenden 1976; March 1976), but apart from a
detailed account of the shad population in the Shubenacadie River, N.S., by Leim
{1924), data on other Canadian shad populations are limited. The Annapolis River
shad population is the largest unexploited population in Atlantic Canada (Dadswell
et al. 1983a, b} and is a population of great interest because of the recent con-
struction of the Tidal Power Station at Annapolis Royal (Daborn et al. 1983). The
objective of the present study was to define the spawning period and area of the
native shad population in the Annapolis River during 1976.

Methods

Drift net and egg collections were used to determine the spawning area and
period. Collection techniques are described in Williams et al. (1984). Nets used
were set from 7 May to 30 June at four stations located at regular distances along
the Annapolis River, beginning just downstream from the upper limit of the salt

1Current address: Department of Zoology, The University of Alberta, Edmonton, Alberta, Canada
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wedge in early May, 20 km above the Annapolis River Causeway, to about 42 km
above the causeway at Lawrencetown. Station 1 (km 20} was used from 12 May to
30 May, station 3 (km 35) from 12 May to 30 June, and stations 2 (km 29) and 4 (km
42) from 12 May to 30 June. Treatment and identification of samples follows that
described by Williams et al. (1984).

Results and Discussion

Shad definitely spawned in the Annapolis River from 7 May to 19 June in 1976. A
total of 81,254 eggs was collected during this period (Table 1). Spawning was al-
ready in progress when sampling commenced on 7 May; however, since relatively
few eggs were netted initially and optimum spawning temperatures were not
reached until later, spawning may have just started. Virtually all egg collections
{(99.4%) were made between 7 May and 4 June with the period from 12-19 May
being most productive (80.0%). Leim (1924) also found that shad in the Shubena-
cadie River, Nova Scotia, spawned in May and June, but peak egg collections were
made in late May or early June during the four years of his study. Similarly, Gabriel
et al. (1976) noted that spawning occurs from mid-May in the St. john River, New
Brunswick.

Shad spawning in the Annapolis River was related to water temperatures. In-
creasing water temperatures to >13°C approximately coincided with egg collec-
tions while rapid temperature drops to <13°C resulted in temporary cessation of
spawning (Fig 1). Although shad eggs were collected in water that ranged from
10.5-22.7°C, most eggs (96%) were netted at temperatures between 13 and 18°C
with peak spawning (12-19 May) occurring when water temperatures were 14-
15°C, Few eggs were collected when temperatures were <13°C (3%) or when tem-
peratures exceeded 18°C (1%). Similarly, Leim (1924} found that shad in the Shu-
benacadie River spawned in the spring after water temperatures had reached 12°C
and that a depression to <12°C caused almost complete cessation of spawning.
Peak spawning occurred at temperatures between 14 and 16°C over the four years
of his study. In Virginia rivers shad eggs are also not collected in abundance until
water temperatures reach 12°C (Massmann 1952},

Egg collection times indicate that although shad in the Annapolis River may
spawn during the day most spawning probably occurred during the evening and at
night (Table 1), This is in general agreement with other authors (e.g. Leim 1924;
Massmann 1952; Mansueti & Kolb 1953; Mansueti & Hardy 1967; Chittenden
1976; Marcy 1976).

Shad spawned in the freshwater (< 0.1%/0 salinity) section of the Annapolis River.
All egg collections were made in fresh water except one: on 14 May 198 eggs were
captured at station 1 (km 20} when the mean salinity was 0.5°%0. However, since
these eggs were near hatching they had undoubtedly originated in the freshwater
section upstream. The main spawning area was located upstream from station 4
{(km 42) since that station accounted for 98.1% of all eggs collected (Table 1). Dur-
ing peak spawning the tip of the salt wedge fluctuated near station 1 (km 20}, about
22 km downstream from the main spawning area (Williams 1978; Daborn et al.
1979). By the end of the spawning season in June the salt wedge was near station 2
{km 29).

Evidently most shad spawning occurred in the more slowly flowing section of the
Annapolis River. The river upstream from station 4 (km 42) is shallow, usually<1.5
m, and widening, with a bottom composed of sand and mud interspersed with
granite and basalt rocks and boulders. Few eggs (2%} were collected in the area
downstream from station 4, a region characterized by deeper water, a faster cur-
rent, and a more sandy bottom. Similar shad spawning areas have been described
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Fig1. Relationship between water temperature and the number of shad eggs
collected per hour at Annapolis River drift net station 4 (km 42) in 1976.
A, mean water temperature (see Table 1); ®, number of eggs collected
per hour,
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elsewhere although considerable variation exists (e.g. Leim 1924; Massmann 1952;
Mansueti & Kolb 1953; Carl et al. 1959; Walburg 1960; Mansueti & Hardy 1967).

Shad larvae were relatively abundant in the Annapolis River from Station 2 (km
29) upstream after 12 May (Williams 1978).

Acknowledgements

We are grateful for critical comments provided by Drs. M.V.H. Wilson and }.S.
Nelson at the University of Alberta, and assistance and advice given by Brian Jes-
sop, Department of Fisheries and Oceans, Canada. Financial support was provided
by Environment Canada (Fisheries and Marine Service contract No. OSU5-0163 to
Acadia University).

References

Carl, G.C., Clemens, W.A. and Lindsey, C.C. 1959. The Freshwater Fishes of Brit-
ish Columbia. B.C. Prov. Mus. Handb. No. 5.

Carscadden, J.E. and Leggett, W.C. 1975. Meristic differences in spawning popu-
lations of American shad, Alosa sapidissima: evidence for homing to tributaries
in the St. John River, New Brunswick. J. Fish. Res. Board Can. 32: 653-660.

Chittenden, M.E., Jr. 1976. Present and historical spawning grounds and nurseries
of American shad, Alosa sapidissima, in the Delaware River. Fish. Bull. 74; 343-
352.

Daborn, G.R., Williams, R.R.G., Boates, ).S. and Smith, P.S. 1979. Limnology of
the Annapolis River and Estuary. |. Physical and chemical features. Proc. N.S. In-
st. 5¢i. 29: 153-172,

Daborn, G.R., Baker, G.C. and Dadswell, M.). 1983, Environmental conse-
quences and ameliorative measures of the Annapolis Tidal Power Project. Wa-
ter, Sci. Technol. 16: 297-306.

Dadswell, M.)., Melvin, G.D., Williams, P.]J. and Brown, G.S. 1984, Possible im-
pact of large scale tidal power development in the upper Bay of Fundy on cer-
tain fish stocks of the northwest Atlantic. In D.C. Gordon Jr., and M.). Dadswell
(eds.). Update of marine environmental consequences of tidal power develop-
ment in the upper reaches of the Bay of Fundy. Can. Tech. Rep. Fish. Aquat.
Sci.: in press.

Dadswell, M.]., Bradford, R., Leim, A.H., Melvin, G.D., Appy, R.G. and Scar-
ratt, D.). 1984b. A review of fish and fisheries research in the Bay of Fundy be-
tween 1976 and 1983. in D.C. Gorden Jr. and M.). Dadswell (eds.). Update of
marine environmental consequences of tidal power development in the upper
reaches of the Bay of Fundy. Can. Tech. Rep. Fish. Aquat. Sci.: in press.

Gabriel, W.L., Leggett, W.C., Carscadden, ].E. and Glebe, B.D. 1976. Origin and
characteristics of ““fall-run” American shad (Alosa sapidissima) from the St. John
River, New Brunswick. /. Fish. Res. Board Can. 33(8): 1764-1770.

Leggett, W.C. and Whitney, R.R. 1972, Water temperature and the migrations of
American shad. Fish. Bull. 70: 659-670.

Leggett, W.C. and Carscadden, ).E. 1978, Latitudinal variation in reproductive
characteristics of American shad (Alosa sapidissima): evidence for population
specific life history strategies in fish. J. Fish. Res. Board Can. 35: 1469-1478.

Leim, A.H. 1924. The life history of the shad, Alosa sapidissima (Wilson), with
special reference to factors limiting its abundance. Contrib. Can. Biol. Fish. 2:
163-284,

Mansueti, A.). and Hardy, J.D. 1967. Development of Fishes of the Chesapeake
Bay Region. An Atlas of Egg, Larval, and Juvenile Stages, Part |. (ed. E.E. Deubler,
Jr.). Nat. Resources Inst., Univ. Maryland, Baltimore.



14 WILLIAMS & DABORN

Mansueti, R.). and Kolb, H. 1953. A Historical Review of the Shad Fisheries of
North America. Maryland Dep. Res. Educ., Chesapeake Biol. Lab. Publ. No. 97.

Marcy, B.C. 1976. Early life history studies of American shad in the lower Con-
necticut River and the effects of the Connecticut Yankee Plant. Monogr. Am.
Fish. Soc., 1: 141-168.

Massmann, W.H. 1952, Characteristics of spawning areas of shad, Alosa sapidissi-
ma (Wilson) in some Virginia streams. Trans. Am. Fish. Soc. 81: 78-93.

Scott, W.B. and Crossman, E.). 1973. Freshwater fishes of Canada. Fish Res. Board
Can. Bull. 184.

Walburg, C.H. 1960. Abundance and life history of shad, St. Johns River, Florida.
U.S. Fish Wildl. Serv. Fish. Bull. 60: 487-501.

Watson, J.F. 1968. The Early Life History of the American Shad, Alosa sapidissima
{Wilson), In the Connecticut River Above Holyoke, Massachusetts. MSc Thesis,
Univ. Massachusetts, Boston.

Williams, R.R.G. 1978. Spawning of the striped bass, Morone saxatilis, in the An-
napolis River, Nova Scotia. MSc Thesis, Acadia University, Wolfville, N.S.

Williams, R.R.G., Daborn, G.R. and Jessop, B.M. 1984. Spawning of the striped
bass (Morone saxatilis) in the Annapolis River, Nova Scotia. Proc. N.S. Inst. Sci.
34:15-23.



