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dssims Wilson, is one of our most

of i’%s s;gm;ﬁ ing

important commercial fishes, yet Litile is |
lmﬁwﬁtﬁ.@s. Shad spava in the spring in tidel rivevs mxl sstvaries,
Htldebrand sod Schroeder (3.92?) state that spavning takes place soon
after the fish reach fresh vater, Smith (1907) meintains thet shed
eefor aieas in rivers off the mouths of drecks, or in soux aff’ the
mouths of rivers, Leim (1924) seys that spovning in the sanummwam
River, mw. Beotin, takes Fiaee above the t48al poarbion af the 8 trean
in completely fresh water. This Mﬁﬁy was wndertaken to obtain more

specific information oh shad spevming in Virginis veators.

Shad eges drifting free in the cwrrents vere gnm.emﬁ. in
eonseshnped nete; each one wmoter 1n diometer at the mouth end three
meters long. he netting was nylon narquisette having about Wwenty«
. ﬁ&za nets vwere generally set lu the current
inehior at the botban and one to a float

in paiss, one attach
at the ﬁnrfam fmgwa 1)s In this pammer several pairs of pets
" gould be set and retriovd at hourly intervals, AlL samples were
preserved in £ive per cent formalin,

Eges wers collocted for tWo succossive years, During the
apring of 1949 sampling was confined entirely to the tidal portion
of the Pamunkey River (Figure 2), The field work wes initiated on
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Figure 2, = Virginia-rivers where shad spawning wes studied. See
Teble 1 for the names of sampling localities indicated
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February 27 and colléstlons were made at random until May 22,

In 1950, £isld work wes started on April 1 apd coptinued
wntdl the end of x&zya Somples wers taken in the Pamunkey, Mattaponi,
ehickahoniny, Jamss , Appointiox, sud Rappehannock Rivers (Figurs 2).
s of fraw thwee to five miles = #
oteupled 8t the greater interwals.

Pach river vee ssmpled at intery
stations in the longer wivers were

mpling stations extended from brackish vater to noar the heed of
¥ Mattaponi, awd Chickehaminy Rivers. On

tdewvater in the Pamunk
the other wivers 1t was nocessary o discontinue sempling before

weaching the head of tidevater in order to obtain coverage Of move

rivers during the epewning season, Stations occupled and thotr

distances upsWeam from Chesspeake Bay are included in Teble 2.

More than 450 Sanples were collected from which 2,469 chad eges were
intty,

turbldity, end oxyeen supplemented most of the plankton collections.

obtained, Measurements of wator tempevature, currente, sal

Stevaing Grounds
Spavniag grounde wers located primarily by obeerving the
velative mmbors of eggs collected in the nets. Shed spswning areas
store also lovated by noting the incidencs of "spawners”, l.e. fish
with running ros taken in commercisl catehos,
¢ Biver.« Ae indicated in Teble 3, ehad egep were most
o Gregory's Bar, a distance

abmdsnt in the area from Lester Menor
of seven miles. The fow eges collected upstroan and downstrean from

i st S s

* ALL mileagss given ave meubicel miles.



Table 2. = Distances from Chesapeake Bay of ptations cccupied during shad
inwestigations.

&hemmm Pamunley . Jaies Ramammaek

8. Aree of shad smmm as mwrmtea ririory peian
F. Region of extensiwe flata, _
E. Location where mome spewning occurred.
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Tabié 3. « Bge collections from the Pamunkey River in 1949 apd 1950,

No. Ono«Hour
Station Samples{® Potal Bggs Begs Per Hour
Went Polnt b
Pevil's Reach a8
Telond Reach 52
Cumberiand Reach 2k
Iester Manor

0,00
0407
0.10
0,25
Ba 123 2.37
34 15 0.5%
27 1 0.0
7% 14515 20,20
12

8

b

8

488 ho.67
( 0,88

o 0,00
11 1.38

L&m&@t% Bay é 4 0 0,00

TOTAL | 346 2,173

6430

/%
L These are onevhowr sanples with nets of ong-meter dlemotor anchored

in tho curvent, some being sot ot the botion and some at the surface,
Semples of greater or less duration, wing other gear, or mado by
towing onewmeter nets are not included,



lege intensity

these points indidate that spewhing of considerably
may ke place for at least seven miles in both directions of the
major veglon., Rggs were found neither in the vicinity of brackish
water nor from waters pear the head of the tide,
ttaponi River.+ The Mattaponi River wes sampled during the
mrmﬁ of April 25 %o 30, 1950, Thie wae thought to be the helght
Examination of more than one hundred camples
indicated that egee were most nbundent at Matteponi and Sendy Pofnt
(Teble &), No shad egge were collected below Mattaponi; e few were
talken upriwe as far as Line Tree Bar, 10 miles above Sandy Point.
Chickabominy Riveri~ The twe shad eges collected from the Chicks
a&m@rx«y River vere taken neer Watts Point during the period Mey 5 to
8, 1950, Lowr cwrrent wlotities prevented sempling farther upetrean,
Spawning shad, meny of whidh are utilized by o hatchery in the lanoxs
ares; are found in commeréial catehss from Big Marsh Point upriver et
leant ap far pe Ianess, cugeenting that the major apawning e¢ffart takes
place in this yegion.
A dam at Wa)
during 1952, Although it was feared by wmany that the dam would inters
fers seriously with, if not ¢liminate, the Chickehominy shed rwm,
this has not occurred, It eppears that the major spawvning sren is
well below the dam.
River,~ '™wo egge wets collscted from the Jumes River & few

ey £ive miles above Lenexa; was comploted

miles below Hopowell and one egg neer Turkey Island Cutoff, a few miles
abows that city indicating that the Hopewell ares is in the reglon of
shad spavning. Ssmpling took place from May ¢ to 10, 1950, Interviews



Table b, « Bgy collections From the Mattaponi River in 1950

B L e
e No, OnesHour
Btation ‘semplosi®

West Point

CLifton Landing
Foxes

Courthowe Ianding
Hattaponi

E v v w o s
a@ﬁa@@@zzi
L
8

#wawagg
h
o
)

oML | 289 3.0

[
T dhese ars onsshour gamples With nets of onewmeter dism

in the current, same being sot at the bottom and some at the surface,

Somples of greater or less dwation, wsing other gear; or made by

towing ongemeter pots are not included,

- 9 s



samples contained two ohed egss which probably drifisd from the old
Walthal Chamnel, a branch of the Appometton in which shed arve sometimes

eaught, The greater portion of the Appometbos betwsen Hopewell and
Petercburg, particulsrly in the vicinity of Petersburg, 1o heavily
polluted with industrial and domestic wastes, ang therefore this

_.rijrevaer is probvabdy of m«me importence as o shad spevming region,
X hannock River collections of 1950 con-

tained no shad egge. Thia river wag visited rather late in the spring,
feom May L7 to 21, slthough well within the time and temperature rangn
at which epgep were collected in the Pamunkey the preceding sessom,
large mosses of Filementous algpe clogged the nete and undoubtedly

to be shad; wors obialted in the Poritobago Duy samples.  Fishermen
reported that spawning shad are often faken in thet section of the

Spavning fn Relation to Physical snd Chemical Pactave
Obeervations were made on certain physical and chemical
bors that mey influencs ahad spawni

L%ﬁu suwrvey conducted on the Bappehannock River in 1951 indicated
that Fortobago Bay was probebly the most important ehad speiming

w 10 -



lator temporsture,~ Bigelow and Welsh (1924) assert that the
lemporatire mat o 10% to 13%C. before shad will enter a stream for
ﬁmwmg It heo beoen peported (Anom. 194E) that & tempereture of

12°C. 4o necessary before spevning occwrs.

In the Pammibey River during 1943, the renge of temperature
through the sampling period was 6.4%. to 21.9%. (Tebls 5). A few
egge wore collected at & water temperature of 9.29C. but egm were
' nce witil the temperature had reached 14.0%., on
the average; in those collections which contained éggy. less than

sy temperatures of 11,99C, ar below,

shout saven eges per howr et temperatures from 12°0. to 17.9°C. and
o of 38%. and aboves Tempersture,

ag=

over 16 eges por how ot temperaty
therefore, appeers to heve & definite fnfluence on ths spawnin

$ivities of shad.
v of eggs present in the

Temperature may govers the rum
water at any one time not only by influsncing the tine of spawmning
aloo by allering the rate of dovelopment. Ryder (1889) cbaerved that
natelidng took place in 17 days at & temperatuve of 12,2°%., while at
£23.3%. only three daye were required, Thus individual eggs would b
pregont nove than £ive tines ap long ot the lower tenporatures.

iy~ Most Virginda tidewater rivers, especially in epring,

are characterized by turbiditics that ave much greater than those in
the waters of Chesapeake Bay. Generally; the higher twrbidities were
srcountered in the reglons of mizing of fresh river water with the
saline vater from the Bay (Pigure 3). Those areas are indicated in
Table 1. Thervefore, shad migrating to their apawning grownds must



Table 5 ~ Average surfoce water temperatures observed on successive
sempling trips to the Pomunkey River in 1949

| awage Vater Tesperstur
Sampling Dates in mgxaas %ﬁﬂw

Fobrvary 2‘*@@?@8 | 9*3
mmm . 6k
Merch 20 - 7.0,
March %ﬁ“@? ' ‘ 3;5‘3,
¥oreh 3Laapril 1 | 15.9
Agril 8§40 : 13.5
April 1617 | .5
Moy X2 18,0
ey 10 » 2L.9
Hay 21-22 216
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Figuwre 3. = Salinity and twrbidity relationships on two crulses up
the Pamunkey Rivey in 1949. The samples were taken at
approximately high tide. Turbidity valuss are in scsle
readings of & Klett«Summerson photoslectric colorimeter
with & 30 millimeter cell and & K.8. 40 filter,
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pass through those meximun turbiditiss, Although the Mattaponi and
Chickahominy Rivers are clearer than tho Pomumicyy, James or Rappas
‘hamnock there is no cubstantial evidence to Indicete that the shed
prefer the clearey waters, “
Curyents.~ AlL ehad spawning
limits of tigal influence, Current volooitles an the spad
veried from zero at slack woter to slightly more than three feet per
"socond, 'ma tiﬁakcmt wanspoarts drifting shad oges upetrean
and acwmatros iy the nét effbct being a elight dowstreen dlsplacement
velated to river Tunoff.

Sbod egge are slightly heavier than water apd are supported
by the currents in two Wiays. Sitice water velogities near the sure

observed took ploce within the

face ave greater than thooe close to the bottom, the resulbtent force
i direcied upward., This force, oncept under conditions of very low

velocity of flow, is sufficient to owroome the slight negative

Buoyancy of the eges. In addition, mmerows snd wrisble eddies are
present whith tend to buoy up the oggis It appears thet cwrents may,
by keeping the égep in notion, prevent them from belng covered by the
silt and drganic detwitis prevwlent in the rivers,

The mumber of eggh collected in esch spawaing evee eppeared
+0 bo directly related to the current. ALl miiaaﬁmm s irrespective
of the time and plade of sampling, wore groyped inte three catégories
based upon surfoce curréent rates, 0On the awrsg the following re-

lationship vae established: ot currents of lesy than one foot por
second, less thau one egg per net hour; one to twe feet per second,

w ik =



about ten eggs per met houwr; two to three foet per socond,; over twenty
epgs pay net hour.

Botton topography,~ Bared on 1ts botton topogrs
may be divided roughly into three rather homogenous sections. The
lower part consists mogtly of deep channels with fovw shosls and relaw
tively steep banks
of the ares consists of shallow flats, often only a few feet below

phy s each rivex

. Further upriver, chaunels are present but much

the surface, Beyond this section the river s, for the nost part,
deeper with rather precipitous banks. The locations of these variows
gections ere indicated in Twble 1, Spawning shad apparently prefer
river sections dominated by extensive flats,

Bigelow and Welsh (1924) stated that shad spaw
over the shallow fiato, while Smith (1907) concluded that slthough
woet apewning activity takes place over the flats, 4t may, ocow any-v )

ing ocours

where in the rivers. In this study ege collections over the shallower
flats yielded few egms. Since currents at such points were often ine
ﬂwm‘:ﬂ:@w to extend the mete,; toving wms tried; but etill no eges
vere obtained. It seems probable that in otill waters the eges sink
to the bottom and sre thorefore asvailable to nets for only o short
period, Howewer, at depths of from 5 to 20 feet fiwe times as many
egps vere collected per howr as were taken in deeper wuters,

8had frequently spawn in channel areas neer the flate as is
svidenced by the collection of newly spawmed oges from guch locations,
It is not known vhether the greater spavning offort takes place in
the deeper water mear the shallows or on the shallovws thomselwes.
Apparently two differsnt habitate for developing eggs may be present,



in one of vhich the eges rest on the botbom in relatively still
water, while in the other egey are cerriod along in deeper water by
tidal currents of varying duration and velocity.

The relationship betwden shad spawming and shallow aress may

ravesl that flats are more Importent sas nursery areas for the young

fish than as locations necessary for the act of spovning,

Although bottonm samples contdived about five times e many
eggs per howr of sampling ag 4id those taken from the suwrface, spavne
ing probably cccurs more gensrelly near the swrface, for o gréater
percentage of corly stage egye was taken in the surface samples

tool plece in fresh vater ‘ The distances above brackish water of
the major epawming areas varisd from river to river (Tmble 1), The
lary of frosh and btrackish water waries in & single river s

pointed out by CGalitsoff; Chipuan, Engle; and Calderwoo
Although shad appear to spavn only in fresh water there i¢ no evidence
that the spavning aress are located at a fixed distance above brackish
wvator.,

Oxygen.~ Toung shad appear to be highly sensitive to oxygen
deficiencies: Bllis, Westfall, Moyer, anmd Flatner {1047) have showm
that oxygen vaiuws of 5 p.pdass MRy cauwse distress and some mortality

Howover, leim {192h) showed experimentally that shad oggs hatched
and larvae developed better in btrackish water,

- 16 =



Table 6, = Percentoges of some of the developmental sthages of shad
egps found in surface and bottom samples from the Pamunkey
River in 1949

Stage of Fercentage of Bgas | Percentags of Baes
Development in Swrface Bamples | in Bottom Samples

One eell 0,15 | 29,70

Two s6lls to many cells 46 .23, 43.88
Blastula and Castrule 8.34 18.81
Primitive streak to mtﬁkiﬁg 5’5;33«» ?»62




in shad while at wluss of 4 p.p.n. 8 high mortelity may occurs During
the pericd of sampling; botiom &
aress except in one part of the Jamwe River, Here the concentration

of dissolved oxygen vas 4.5 pipat. ab four stationy in a 20 mile strotch

abundance of shad egges Hatimates of abeolute abundance vere not
attemptod for in no oollections were eggy presont in large mumbors.
An average of only 4.9 egzs per net-hour was collected in the Pamunkey
and Mo ttapond, the most productive rivers studled. However, much of
the sempling was designed to delinit the spewning arce end therefore
meny collections conteined no ¢gop. The largest single~hour sample
conlsined 155 egms, By contrast more than onp«half the sanmples
secured by Ledim (1924) on the Schubepacadic River comtained over one
hundved eggs; in pany over one thousapd were found, and the largest
haul contained six thoussnd, These collections were made &t night,
and enbraced the eatize poricd of darkness. Furthermore, they were
taken above tidal wnters, with nets of wppocified sive and mesh,
Almost twosthirds of the shad egen collected in Virginia
rivers were dead — It would be hazardous “to drav conclusions re=

gryding absolute mertality from simple cemparisons between liwe ang

‘& An ega was considered dead iF ths yolk had congulated or had
sdhared to the vitelline membrone instesd of drifting free within,



desd e, Sixtyseix poy cent : 4n the Pamunkey River
wero doad as compaved with B0 por cent from the Matteponi. Live and
ly dlsteibuted 1n surfce and botton

of eges thker

dead o vere almost sgqual

me of day. Previow in

in collecting ohad egss Awrisg daylight howrs, During the prevent
study s eges were collacted with equel facility both day end night.

For cxpmplei ot Rockahock on the Parunkery \pril 17; 1949,
samples wore taken bhetiven Ti00 pum. and 12300 )

tide wing four onp-meter nete. About Pifty eges

ritig day approxinatsls
sding obb tide from 8300 aum. to 1300 puan.

eotigntors have not besn euccessful

The approximate age of shed eged way be sstivated fro
their knovm pete of devolopment et wriow vats:
geriss of hatchery shid eggs procervod at koowm time interwils after
spawning vas obtainsd from Jemes Sykes of the U. 6. Fish and Wildlife

an reoved in water of 16° to 17°C., which

is ¢lose to the average wator tempersture ot the time that the prosemt
collections were made, The stages of development attained et vartous
tne intervwals ave swmerized in Table 7.

8ingle samples or series of samples colleeted from the rivers
rs of Live egss o bé of much wmlee

Service. Theso eges had ¥

4id not contaln sufficiont numbe
in oge studles, Therefore, all e live eges collécted during the
iy of the Pamunkey in 1989 were grouped togethey

more intensive atud;
od into three series according to time of day, s follows:




Age in Hours

- 20
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6100 a.n. to 12:00 noon, 12300 noon to 6100 pan., and 6100 pas to
12100 midnight (Littlo campling had been dome botweon midnight and
deam)s Fipgure b shows it only o emsll percentags of the liw egen
collocted in the morning were in the onescolled stasge or less theu

¢ or four hours old. In the afternoon 38 per cent of the egm,
and in the evening 35 per cent were in this etapy of dewelopee
The proportioms of egws having from o to mny cells (from four vo
gix mm*a 0ld) appesrell 4o follow the same gereyel potiern, This
seems to indicate that spewning, in the Pamunkey River &% ledst,
although sonewhat nore intense in the period noon v midnight, takes
place during sil hours of the day and night.

Ty
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OF EGGS
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Figure k. « The percentages of shad eggs of warious singes of develop=

went in the catch during different periods of the day.
Roman nunerels refer to developmental stages listed in

Table 6.
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ing was studied in oix tidewater

riveys, 'Mw mejor spewilng arecs vere located in thrde of those,
while on the others, aress where soms spawming took place were
located,

The spewning areas in cach rivey were lochted in fresh
water subjett to t4del influsnces A fow sbad egme were collocted
at watdy temperatime of 9.2%. but more were taken after the tomperas
e s 14,09, Bges wore still hednd taken at a temporatwre of
21.99C. when sampling wes discontinued. There appesrsd to be 1ittle
esvidence that twrbidity was & factor in deternining the spawaing
srens, Tidel gwrent velocities of from zerd to over three foot per
gecond were observed on the epewning grounds, Bottem topography
appoared to be an impoartant factor in the location of spawning aress;
those gections of rivlrs domimated by widespresnd flats wore most éx=
tonsively utilized.

Fewer then five shed egge per met howr wore collected from

the moet productive riwrs: alnost twosthivds of these were dead,
On the Pamunitey River epovning took place during all howrs of the
dny but waa more intense in the pericd from noon to midnight,
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