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BIOLOGY OF THE ALABAMA SHAD ÍN NORTHW EST FLORIDA

Jam es C. Mills, Jr.

F lorida D epartm en t of N atural Resources M arine Research L aboratory"

ABSTRACT

Biology o f A labam a shad, Alosa alabam ae , in the A palachicola 
River was stud ied  from June 1968 to April 1971. Adults en ter the river 
in F ebruary  an d  spawn in April. Spaw ning occurs at 19-22°C in m oder­
ate curren ts over bottom  of coarse sand and  gravel. Fecundity  ranges from 
61,238 to 257,655. G onads of shad en tering  the river w ere in ripe cond i­
tion w ith stage IV oocytes averaging 1159 fx in d iam eter. The 1969 
collection con ta ined  38,3% repeat spaw ners w hile the 1970 collection 
con tained  6.3%. M ean fecundity  increased 25.8%, although repeat spaw n­
ers decreased  32%. A dult males en ter the river in larger num bers than 
females a t w ater tem peratu res below  17° C. A dult shad do not feed during  
the  spaw ning run. One, two, and th ree  year old shad m ake the spaw n­
ing run. Fem ale m ean length  and  w eight w ere 394 mm (TL) and  737 g 
w hile m ale m ean length  and w eight w ere 349 mm (TL) and  474 g. Length 
frequency analysis of juveniles indicate progeny of th ree spaw ning 
groups, th e ir origins being the G hipola River, the  C hattahoochee-F lin t 
River, and  the Jim W oodruff D am . M ost juvenile  shad grew  30 mm per 
m onth. Juveniles em igrate from the river at 125 mm (FL) or in D ecem ber. 
Sport fishing po ten tia l is good since catch frequency is estim ated as one 
shad p er rod every 29.72 m inutes.

"C ontribu tion  No. 190

This study was conducted  in cooperation w ith the  U.S. D ep artm en t o f Com m erce, 
NOAA, N ational Marini- Fisheries Service, u n d e r PL 89-304 (Project No. AFS3-3),

1



2

Fi
gu

re
 

1. 
A

la
ba

m
a 

sh
ad

, 
Al

os
a 

al
ab

am
ae

.



IN T R O D U C T IO N

The A labam a shad, Alosa alabamae  (Jordan and  E vennann), (Figure 
1), is a native c lupeid  of the G ulf o f Mexico. The species was first noticed 
ascending river drainages of the G ulf around  1850 (D aniel, 1872) and  was 
described  as being  d istinct from Am erican shad, Alosa sapidissima  
(W ilson), by Jo rdan  and  E vennann  in 1896.

A labam a shad is reported  in m ost m ajor drainages of the  G ulf 
Coast from the Suw annee River in F lo rida to the W ashita R iver in 
Arkansas (L aurence and  Yerger, 1967). In F lorida, shad is the  most ab u n ­
dan t anadrom ous fish of the G ulf Coast.

A labam a shad is sm aller than  Am erican shad an d  has never been 
an im portan t food fish although its flavor com pares to th a t o f A m eri­
can shad. A ccording to the  form er U.S. Fish Commission, 6,955 lb w ere 
landed  in 1889 and 150 lb in 1902. No com m ercial landings have been 
reported  since (H ildebrand , 1963). Adults ascend G ulf rivers from Jan­
uary th rough M arch and spaw n betw een  April an d  July; juveniles descend 
the river to  salt w ater at the end  of th e ir first sum m er (H ildebrand , 1963; 
Laurence and  Yerger, 1967).

Populations of A labam a shad in rivers of northw est F lorida, espec­
ially the A palachicola, have a good sport fishing poten tia l during  their 
spaw ning runs. Therefore, this study was in itia ted  w ith the following 
objectives: to delim it and  characterize  the spaw ning grounds in the  A pa­
lachicola River system; to determ ine w eight, length, age, and  fecundity 
of adu lt shad in each m ajor spaw ning area; to describe the  p resen t fish­
ery and  evaluate sport fishing potential; and to  describe the ecology of 
juveniles.

M E TH O D S AND M ATERIALS

D escription of S tudy Area (F igure 2)
The A palachicola River is form ed by the junction of the  C h a tta ­

hoochee and  F lin t Rivers. C om pletion of Jim W oodruff D ani a t C h a tta ­
hoochee, F lorida, im pounded the  w aters of these tw o g reat tribu taries 
and  created  Lake Seminole; consequently , the A palachicola River proper 
originates below  this dam. It flows in a bed com posed of late Pleistocene 
m arine and  estuarine deposits, as do m ost rivers of the  F lorida panhand le  
region.

From its headw aters south to the vicinity of D aw son’s Landing, the 
A palachicola River is in con tact on the east w ith the sandy, chalky

3
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T am pa lim estone of early M iocene age. This lim estone, along w ith  the 
F lin t R iver form ation (chiefly sand, gravel, and  m ottled clay) and  the 
O cala lim estone (chiefly calcium  carbonate) underlie  the  basin of Lake 
Seminole. This reservoir exerts a m ajor influence on the  chem ical and  
physical na tu re  of the  A palachicola River (Cooke, 1945).

The reservoir covers approxim ately 37,500 acres and  reaches a 
dep th  of over 50 feet im m ediately beh ind  the dam. The lake receives 
drainage from approxim ately 17,100 square miles o f prim arily  agricu l­
tu ra l G eorgia and  A labam a land. This use of the sandy, clayey soil of 
the  basin accounts for the tu rb id ity  of the  A palachicola River.

Th e river bed  itself is prim arily  the  rem nants of P leistocene depos­
its. Such form ations as the  B randyw ine, C oharie, Sunderland, W ico­
mico, Fcnhollow ay, Talbot, and  Pamlico are chiefly sand to coarse gravel 
(Cooke, 1945), giving the  river its characteristic  bottom .

This sand and  gravel bottom  is constantly  in m otion and  the in te r­
vening spaces are continually  being filled by sedim entation  of the finely 
d iv ided  clays carried  in suspension by tile river. As a result o f the m ove­
m ent of the loose bottom , bars becom e estab lished  in the  river and  the 
U.S. Corps o f  Engineers m ust frequently  d redge  to m aintain a nine foot 
channel from the  G ulf o f Mexico to the navigation lock at Jim W oodruff 
Dam . This dredg ing  creates extensive spoil piles at the river edge and  
these sands and  clays eventually  becom e resuspended  in the river w ater, 
add ing  to existing turbid ity .

The U.S. Corps of Engineers fu rther m aintains the river by re­
m oving logs and o ther obstructions, w hile the Coast G uard  m aintains 
the buoys m arking the  channel from A palachicola, F lorida north.

M ain com m ercial use of the  river is transporta tion  of oil and  logs by 
barge. O ther com m ercial users include F lorida G ravel Co. at river mile 
106 in G adsden C ounty; G ulf Pow er Corp. (steam  pow er electric plant) 
betw een  river mile 103 and  104 in |ackson C ounty; Neal L um ber Co, 
and  Farm ers Mill and  E levator Inc. of C alhoun C ounty at river m ile 78.5; 
and  Fish M eal Co. and  Bloodw orth C oncrete Co. in Franklin  C ounty at 
river mile 5.

Station D escription
T hirteen  perm anen t stations w ere established along the A palachi­

cola River from Jim W oodruff D am  to A palachicola, Florida, at approxi­
m ately equal distances.

S tation 1 is on the east bank  in G adsden C ounty just below  Jim  
W oodruff Dam  across from buoy N-232 at river m ile 107. The bank  is



lined w ith cypress, oak, w eeping willow, and  sw eet gum  trees. The bo t­
tom  is gravel and  coarse and  fine sand w ithou t vegetation.

Station 2 is on the east hank in G adsden C ounty at river mile 102.5, 
across from the dikes, dow nstream  from buoy N-216. The bank  is lined 
w ith  cypress, bam boo, saw -palm etto, hickory, short lea f p ine, an d  sweet 
gum  trees. The bottom  is gravel and  coarse and fine sand.

Station 3 is on the east bank at buoy C-181, river m ile 94 in 
L iberty  County. The bank is lined w ith short lea f pine, cypress, oak, 
sw eet gum, and  w eeping w illow  trees. The bottom  is coarse and  fine 
sand an d  gravel.

Station 4 is oil the  east bank  dow nstream  from buoy 156 at river 
mile 64 in L iberty  C ounty. The bank is lined w ith grow th o f cypress, 
oak, w eeping  willow, short leaf pine, and  sweet gum trees. O pen pasture 
land  is east o f this th in  line of trees. The bottom  is coarse sand and  gravel. 
In A ugust 1970 the  U.S. Corps of Engineers constructed  dikes, causing 
d iscontinuance of this station.

Station 5 is on the east bank dow nstream  from buoy N-134, river 
mile 75 at w est W ynnton Bend. Old River enters at river m ile 78 and 
exits at mile 74; the  B lountstow n gauge, M cN eal’s L um ber Co. and  F a r­
m ers Mill and  Elevator, Inc. are at river mile 78.5, Sutton’s Lake a t mile
79.5, all in L iberty  County. The bank is lined w ith  oak, sw eet gum, and 
sycam ore trees. The bottom  is coarse and fine sand.

Station 6 is on the east bank just below  buoy N-98 at river mile 
63.7. Poloway C utoff is at river mile 72.2, Bakers Branch at river mile
71.5, and  O utside Lake at mile 65, all in L iberty  County. T he bank 
is lined w ith  sw eet gum an d  w eeping willow trees. The bottom  is coarse 
an d  fine sand.

Station 7 is on the  east bank 1.5 miles below  buoy N-92 at river mile 
54.4. I lag erm an ’s D itch  lead ing  out of Lam onia Lake and  H oney Pond 
enters above the  station at river m ile 56.8 in L iberty  County. T he bank is 
lined w ith sw eet gum and w eeping willow trees. The bottom  is fine sand 
and silt.

Station 8 is on the  east bank  a t buoy 84, river m ile 44.5, just upstream  
from the  m outh  of the  F lorida River in L iberty  County. Above the  sta­
tion  at river mile 53 is Equiloxic Creek. At m ile 50.7 is the  en trance to 
Brown Lake in C alhoun County. The bank is lined w ith w eeping  willows. 
The bottom  is fine sand an d  silt.

S tation 9 is on the  east bank just below  buoy 61 at river mile 37.5 in 
L iberty  County. The C hipóla Cutoff is a t m ile 42.5 in Gulf County. The 
bank  is lined w ith  w eeping willows. The bottom  is coarse and  fine 
sand.
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Station 10 is on the east hank  just below  buoy N-56A and the  dikes 
in Franklin  County. Across the  river is the m outh of the  B rickyard Cutoff 
at mile 20.6 in G ulf County. The River Styx at m ile 36, D ouble Points 
at mile 32-33, Brushy Creek at mile 24, Scott C reek at m ile 23.3, all in 
L iberty  County, and  Owl Creek at m ile 22.3 in Franklin  C ounty en ter 
the  river near this station. Brickyard Creek enters a t m ile 20.5 just b e ­
low the station. The bank is lined w ith w eeping willows backed by cypress 
on the B rickyard Creek side. The bottom  is fine sand and  silt.

S tation 11 is on the w est bank at buoy 49, river mile 14.7, across from 
Bloody Bluff L anding  in Franklin  County. F ort G adsden Creek at mile 
19.5 and  Smith Creek a t mile 17.7 en ter the river above this station. The 
bank is lined  by w eeping  willows and  cypress trees. The bottom  is 
coarse and  fine sand. In May 1970 the  U.S. Corps of Engineers con­
structed  dikes, causing discontinuance of this station.

Station 12 is on the east bank in Franklin  C ounty a t river mile 7.8, 
buoy N-.32, E ast River at mile 14, Brothers R iver at mile 12, the  St. Marks 
River a t mile 10.2, and  Hoffman Creek at m ile 8 en ter tile river above 
this station. The bank is lined w ith cypress, oak, cabbage palm etto, sweet 
bay, m agnolia, and  saw -palm etto trees. Tile bottom  is silt and coarse 
and fine sand.

Station 13 is on the w est bank at buoy C-19, river mile 4.1, in F rank ­
lin County. Saul’s Creek Cutoff a t mile 6, Grassy C reek at m ile 4.5, Jack­
son River at mile 5.8, and  Acorn Lake Creek at mile 4.4 en ter above this 
station. The bank is lined w ith cabbage palm etto , sweet bay, and 
cypress trees. The bottom  is silt and  coarse and fine sand.

The Chipóla River originates in H ouston County, A labam a, and 
drains 1206 square miles into its 84.3 mile length. It drops from 85 feet 
above sea level to 5 feet a t its m erger w ith the A palachicola River for 
an average g rad ien t o f 0.9 feet per mile. The C hipóla parallels the A pa­
lachicola River and consequently  shares much the  same geological ch ar­
acteristics. T he most notable difference occurs in the  arca of W cw ahitchka, 
F lorida, w ith the form ation of the  D ead  Lakes by a retention  dam. 
This lake, w ith its com paratively  still w ater, allows the settling  of 
suspended m aterials and  the  w ater becom es clear until it mixes w ith the 
A palachicola River w ater in troduced  at the C hipóla Cutoff.

Station 1 on the  C hipóla River is just below  the D ead  Lakes Dam , 
W cw ahitchka, Florida. The bank is lined w ith cypress and oak trees. The 
bottom  is coarse and  fine sand.

Station 2 is above the D ead  Lakes at H ighw ay 71 on the C hipóla 
River. The bank is lined w ith  oak, cypress, and  p ine trees. The bottom  is 
coarse and  fine sand.

7



Sam pling Schedule
System atic sam pling was established on a m onthly basis at each 

perm anen t station for SO m onths in the  A palachicola River. At each 
station fish and  w ater sam ples w ere taken. O ther sam pling w as done 
biw eekly bu t varied  w ith  the  purpose of the sample.

Investigation  o f Physical and  C hem ical Characteristics
W ater tem pera tu re  was m easured on bottom  sam ples w ith a p re ­

cision grade C entigrade therm om eter ca lib ra ted  in 0,1°C. W ater trans­
parency  was m easured w hile drifting  w ith a 20 cm Secehi disk low ered 
on a chain m arked off in feet.

C urren t was m easured using a T. S. Flow  M eter w hich m easures 
revolutions p er second (R) and  is converted  to m eters by the form ula: 

Velocity =  (0.159 R)-0.016 
Range: 0.26 to 2.64 m/see.

W ater chem istry was determ ined  in the field w ith a H aeh W ildlife 
Kit, M odel CA-24-W R w hich tests for dissolved oxygen, carbon dioxide, 
hydrogen ion concentration  (pH), and  hardness. W ater sam ples w ere 
ob ta ined  using a Van D orn  w ater sam pler.

Collection and  Treatm ent oj Specim ens
A dult A labam a shad w ere co llected  w eekly w hen presen t in the 

A palachicola River. A 6.5 ft H eddon rod, Zebco 800 reel, and  1/10 oz 
baby  Glow-Jig w ere the prim ary sam pling equipm ent. A dip ne t was used 
at Jim W oodruff Dam  w hen collections could not be m ade w ith rod and 
reel. T hree gili nets (250 ft x 11 ft, m ade of 139 m onofilam ent nylon) — 
1 lá in., 2% in., and  3*4 in. s tre tched  m esh w ere used in A palachicola 
Bay.

In the  field, adu lt A labam a shad w ere w eighed by spring scale to 
the  nearest ounce and m easured  to standard , fork, an d  total length (SL, 
FL, TL). T w enty scales w ere rem oved and  p laced in scale envelopes 
m arked w ith date, location of collection, length, w eight, sex and  devel­
opm ent, collector, location from w hich scale was obtained , and collection 
num ber. G onads w ere rem oved from females and  preserved in 10% form a­
lin solution for fecundity  estim ates. Stomachs w ere exam ined and  con­
tents p reserved  in 10% formalin.

A 24 ft x 4 ft x Já in. mesh seine w ith a cen ter panel o f JÍ in. mesh 
m aterial was used to collect early juveniles. A 50 ft x 8 ft x ïi in. mesh 
seine w ith a 4 ft x 4 ft bag  of Já in. mesh was used for larger juveniles. 
A 15 ft nylon shrim p traw l, ft in, mesh, was used to collect juveniles in
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A palachicola Bay. Juveniles w ere m easured (SL, FL, TL) and  preserved 
in 10% formalin.

O ther fishes w ere identified, m easured (SL, TL) and  released. 
R epresentatives of each species w ere perm anently  preserved  and  added  
to the fish reference collection, F lorida D epartm en t o f N atural Resources 
M arine Research L aboratory, St. Petersburg, Florida,

Eggs and  larvae of A labam a shad w ere coi lected  by tow ing and  bottom  
sets w ith a 0,5 m plankton  net m ade of 20 meshes/in. nylon netting . Speci­
mens w ere preserved in 3-5% formalin.

Laboratory Procedures
Fecundity  estim ates w ere ob tained  by rem oving gonads from the

10% form alin and  drying w ith  p ap er towels. They w ere then w eighed
on a platform  balance to  the  nearest 0.1 g. A small aliquot was rem oved
with a scalpel and  w eighed to the  nearest 0.001 g on a M ettler balance.
The ova in each sam ple w ere then counted, using a b inocular dissecting
scope, and  fecundity was calcu lated  by

=  x W g Ws h

w here: Eg is the  num ber of ova in the gonad, Es is the  num ber o f ova in 
the aliquot, Ws is the w eight of the aliquot, W g is the w eight of the  gonad.

G onads of 24 specim ens w ere selected for m icroscopic exam ina­
tion. G onads w ere sectioned at 0 [i and stained w ith  H arris’ hem atoxylin 
and  eosin. For each gonad, m easurem ents w ere m ade w ith an ocular 
m icrom eter on stage IV oocytes sectioned through the cen ter o f the cell. 
Stages of oogenesis follow the descriptions in Moe (1969),

Scales w ere used for age determ ination  following m ethods of 
G ating (1953), w ho correlated  num ber of transverse grooves w ith num ­
ber of annuli in Am erican shad, Judy ( 1961), who validated  G ating’s 
m ethod, and  Lau renei' and  Yerger (1967), w ho previously app lied  G at­
ing’s m ethods to A labam a shad.

RESULTS AND DISGUSSION
H ydrology

Table 1 presents a sum m ary o f hydrological da ta  by station for the 
30-month study. Bottom w ater tem peratu re  ranged  from 11° C in D e­
cem ber 1970 to 31°C in August 1970 and  averaged 2].36°C . D is­
solved oxygen ranged  from 5-12 ppm , according to season, and  averaged 
7.9 ppm ; pH  ranged  from 6.8-9.0 and  averaged 7.28; hardness ranged

9
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T A B LE 2. C O L L E C T IO N  D A TE S AND T E M PE R A T U R E S FO R  
M IG R A TIN G  ALABAMA SH AD BY SEX AND M EAN AGE, A PA LA C H IC O LA

RIVER 1969-1970

Date Malt's Mi'iin Age I'Vmalt's Mean Ago Tomperutuic C

2- 7-69 0 1 3.00 15.6
2- 8-69 5 2 .00 2 2 ,50 15.6
2- 9-69 8 2 .25 1 3.00 15.6
2 -1 6 -6 9 14 2.35 5 2 .80 14.6
2 -24 -69 23 2.00 9 2 .20 12.6
3- 2 -69 20 2.00 15 2 .20 14.2
3- 8 -69 7 2 .00 5 2 .20 14.2
3 -1 1 -6 9 3 2.00 3 2 ,30 12.1
3 12-69 3 2 .30 7 2 .43 12.1
3 -31 -69 9 2 .0 0 7 2 .00 17.5
4- 5 -69 5 2 .00 10 2 .10 19.2
4- 9 -69 7 1.85 10 2.00 21.1
4 -19 -69 5 1.40 4 2 .20 20.7
2 -10 -70 2 2 .00 0 14.0
2 -1 5 -7 0 0 1 3,00 14.6
2 -16 -70 12 2.00 3 3.00 1 1.6
2 -2 0 -7 0 5 2 .00 1 3.00 12.5
3- 2 -70 0 1 2 .00 16.0
3- 3 -70 10 2.00 10 2.50 17.1
3- 6-70 0 2 3 .00 17.4
1-10-70 13 1.07 .3 2.00 22.1

from 2-28 gr/gal and  avr‘raged 3.1 gr/gal; carbon dioxide ranged  from
5-15 ppm and averaged 6,9 ppm; tu rb id ity  rang ed from 12-36 inches
and  avera;ged 19,6 in.

Life History
A dult A labam a shad en ter the  A palachicola River to spaw n as early  

as January  and  as late as M arch. .Survey records of the F lorida Game and 
Fresh W ater Fish Commission repo rted  earliest collections on 26 Jan ­
uary 1960 and  latest on S M arch 1961. In 1969 and  1970, no shad w ere 
collected  until February. Table 2 gives collection dates and  tem peratures.

At low er tem peratures, m ale shad entered the  A palachicola River 
in larger num bers than  females. In 1969, 62%, in 1970, 76'I of the collec­
tions w ere m ales at tem peratu res below  17° C. This phenom enon was 
im plied by Laurence and  Yerger (1967) who repo rted  75% of collections 
w ere males before M arch 1966, and by survey records of the F lorida
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Gaine and  Fresh W ater Fish Com mission w hich reported  85% of collec­
tions w ere m ales p rio r to 24 F ebruary  1954 and  74% w ere m ales p rio r 
to 16 F eb ruary  1961. At tem peratures above 17°C, females ou tnum ber 
males in the  collections.

A labam a shad do not feed during the spaw ning run. Stomach ana l­
yses of 248 adults revealed only tw o, rep resen ting  0.8% of the  collection, 
w ith stom ach contents, both  shad having ingested  juvenile  ccntrarchids.

Atkinson (1951) found th a t Am erican shad w ould feed when held  
in ponds. I le  concluded  th a t fresh w ater plankton was too small to be 
reta ined  by the gili rakers of spaw ning shad.

Because o f the difficulty in locating the first th ree annuli on the 
scales o f Am erican shad, G ating (1953) established the relationship  b e ­
tw een transverse groove counts and  the location of these annuli. L au r­
ence and  Yerger (1967) noted th a t the relationship  betw een  annuli and 
transverse grooves was constan t for A labam a shad: six to n ine grooves 
to the  first annulus, nine to tw elve to the  second annulus, tw elve to fifteen 
to the th ird  annulus, and  fifteen or m ore to the fourth.

U sing these criteria  for 248 Alabama shad  collected, all w ere less 
than four years o ld  if the  leading edge was coun ted  as an annulus. The 
predom inan t age class was tw o year olds represen ting  79.8% . The rem ain­
ing age classes w ere one and  th ree  year olds represen ting  5.2% an d  14.9%.

Nikolskii (1962) no ted  tha t the m iddle-aged individuals of the 
spaw ning popu la tion  possess the  g reatest reserve of yolk in the  egg and 
fat in the  yolk. Thus, the  most viable offspring, best p rov ided  w ith food 
for the  period  of yolk feeding, are left by the m iddle-aged parents. The 
m iddle-aged  A labam a shad is tw o years old and its dom inance of the 
spaw ning population  is in terp re ted  as an adap ta tion  to  increase popu la­
tion  density.

Analysis o f length-w eight relationships reveal tha t females arc larger 
in every age class. M ales averaged  474 g and  312 m m  (FL) w hile females 
averaged  737 g and  347 mm (FL), Table 3 lists m ean and  range of 
lengths and  w eights by age and  sex for the 1969 and  1970 collection.

Location o f Spaw ning G rounds
E xam ination o f gonads ind icated  A labam a shad spaw ned in April 

1969 and  1970 at w ater tem peratu res of 19-22° C, b u t a ttem pts to  col­
lect eggs an d  larvae during  daylight sam pling w ere unsuccessful.

In April 1971 eight shad eggs and  431 clupeid  larvae w ere collected 
in the main river channel from Jim  W oodruff D am  to river mile 102 at 
w ater tem pera tu res o f 19-23°C. C ollections w ere m ade over bottom  of 
coarse sand and  gravel w ith  a cu rren t of 0.5-1.0 m/sec. Areas sam pled

12



TABLE 3. W EIG HT ANO LENGTH OF ALABAMA SHAD BY AGE AND SEX
ARALAGHIGOLA RIVER, 1969-1970

M A L U S F E M A I F. S

Agr No. VVeight (o/)  Fork  L ong th  (mm) No. W eig h t (o7) Fork  Longth  (mm)

1969

1 1 8 255 0

2 65 Moan. 16 
Range: 10-25

316
272-360

42 23.1
15-34

340
309-382

3 2 M ean: 19.5 
Rango: 19-20

334
323-350

7 30.8
18-44

356
328-400

197«

1 1 2 Moan: 6.25 
Range: 2-8

219
175-250

0

2 30 Moan: 21.9 
Range: 16-28

326
305-352

9 24.6
12-32

310
275-363

3 0 1 2 35.9
31-15

370
328-393

for eggs below  river m ile 102 w ere negative. All small larvae w ere col­
lected  at n igh t and only in areas of appreciab le  currents.

Spaw ning hab ita t of A labam a shad  is essentially  the  same as G od­
win and  Adam s' (1969) description for Am erican shad in the A ltam aha 
River, Georgia.

W alburg  (1956, 1960), Sykes (1956), an d  L eggett (1969) revealed 
th a t Am erican shad suffered mass m ortalities after spaw ning below  la ti­
tudes of 35°, A ccording to  L eggett (1969), W alburg  (1957), L aPoint 
(1957), and  Sykes (1957) spaw ning marks on scales of Am erican shad 
collected  north  of .'35° la titude  ind icated  3-50% repeat spaw ners from 
the Neuse to  St. John (New Brunswick) Rivers. L aurence and Yerger 
(1967) ind icated  .35% repeat spaw ning of A labam a shad in the  A pa­
lachicola River during 1966,

In 1969, 71 of 185 (38.3%) Alabam a shad w ere repeat spaw ners 
and  tw o specim ens h ad  spaw ned tw ice previously. R epeat spaw ners ap ­
peared  earlier in the  river, represen ting  55% of the  collection before 8 
M arch 1969 at a w ate r tem pera tu re  of 14.2°G. In 1970, 6.3% of the col-
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TABLE 4. PREVIOUSLY SPAWNED ALABAMA SHAD BY
AGE AND SEX, APALACHICOLA RIVER, 1969-1970

Ata- S o \
T o ta l

N o.

1 9 fi »
F ro v io u s
S p a w n
N o, %

T o ta l
N o.

197(1
P ro v io u s

S p a w n
No, %

C o m  h in  ori 
T o ta l  l ’u v i o u s  

N o. S p a w n  
N o. %

1 M 4 0 _ 12 0 16 0
F 0 — — 0 — — 0 - —

o M 96 34 35.1 30 3 10 126 37 29.3
K 63 19 30.1 9 0 — 72 19 26.3

3 M S 6 75.0 0 — S 6 75.0
F 17 9 52.0 12 0 — 29 9 31.0

lection had spaw ning m arks on th e ir scales and  one specim en had spaw ned 
twice. T abic 4 lists num ber and  percen tage of repeat spaw ners by age 
and  sex.

F ecundity
Fecund ity  estim ates for 33 A labam a shad collected  in 1969 and 

1970 are presen ted  in T able  5, Fecundity  estim ates for the  1969 collec­
tion averaged  130, 199 w ith a range of 61,238 to  257,655. Com position 
of the collection consisted of virgin spaw ners, average 135,730, one 
previous spaw ner, average 122,892, an d  two specim ens th a t had  
spaw ned tw ice previously, estim ated at 123,049 and  155,121. 
had  spaw ned tw ice previously, estim ated  at 123,049 and  155,121.

Fecund ity  estim ates for the  1970 collection averaged  175,844 w ith 
a range of 138,864 to  221,707. The collection con tained  one specim en 
th a t had  spaw ned  tw ice previously, estim ated  at 138,864.

L eggett (1969), in com paring populations o f A m erican shad 
from four A tlantic coast rivers, noted considerable annual variation  of 
in tra-popu lation  fecundity . This variation was a ttrib u ted  to fluctuations 
in the  p ercen t of repeat spaw ners b u t rem ained  constan t around  a long 
term  mean.

M ean population  fecundity  in A labam a shad increased w ith a 
decrease in p roportion  of repeat spaw ners. A decrease in repeat spaw ners 
o f 32% from the 1969 spaw ning run to the  1970 spaw ning run produced  
a mean fecundity  increase o f 25.8%.

Nikolskii (1962) noted  th a t fish of o lder and  m iddle ages are first 
to com e to spaw n in m ost species and  that the  last portions of milt con­
tain  less sperm atozoa and  thus possess sm aller fertilizing capacity.
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TA B LE 5. FE C U N D IT Y  E ST IM A T E S FO R ALABAMA SHAD BY AGE, L E N G T H , 
AND W E IG H T  A PA LA C H IC O LA  R IV ER  1969-1970 
(N um bers in paren theses in d ica te  previous spawnings)

D a te am.' T o ta l  L e n f îth  (m m ) W e ig h t  (o /J F e c u n d i ty

2- 7-69 3 434 39 222,740
2- 8-69 2 400 34 257,655
2- 8-69 3 404 26 112,644 (1)
2- 9-69 3 366 23 104,617 (1)
2-16-69 3 389 26 127,224 (1)
2-16-69 3 385 25 123,049 (2)
2-16-69 3 386 24 98,5.31 (1)
2-16-69 2 377 2 1 61,2,38
2-16-69 3 .394 19 105,002 (1)
2-24-69 2 .392 25 109,696 (1)
2-21-69 2 397 28 141,627 (1)
2-24-69 2 380 2 2 110,088 (1)
2-24-69 3 446 41 189,76,3 (1)
2-24-69 3 387 27 129,726 (1)
2-24-69 2 398 26 132,115
2-24-69 2 387 2 2 111,5,32
2-24-69 2 ,399 27 102,727
2-24-69 2 400 25 104,819
3- 2-69 2 391 26 125,397
3- 2-69 2 391 23 117,051
3- 2-69 2 383 22 122,028
3- 2-69 3 434 •33 155,121 (2)
2-15-70 3 430 38 138,864 (2 )
2-16-70 3 449 45 221,707
2-16-70 3 412 31 151,339
2-16-70 3 423 33 164,323
2-20-70 3 438 41 200,530
3 - 2-70 2 380 25 156,532
3- 3-70 3 446 4,5 203,773
3- 3-70 2 391 28 167,267
3- 3-70 2 399 32 174,486
3- 3-70 3 403 32 173,342
3- 3-70 3 420 ■35 142,144

T able 2 shows a m arked decrease in m ean age ot males in the late 
collections, This is due to a large num ber o f yearling  males en tering  the 
spaw ning population  and  is in terp re ted  as an adap tive m easure w hich 
could m aintain high quality  and  quan tity  of sperm atozoa for late spaw n­
ing females.

There is considerable variation  in fecundity  for A labam a shad of
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T A B LE 6. M EAN STAGE IV OO CY TE D IA M E T E R S (fi) AND 
C O N F ID E N C E  L E V E L S FO R  ALABAMA SHAD BY AGE, 

SPA W N IN G  HISTO RY, AND M O N T H  O F C O L L E C T IO N , 1969 AND 1970 
(10$ of oocytes coun ted  in each gonad w ere m easured)

d u ’. ' . i f i t ' a t i o n N o .  F i s h

N o  O o r y U - ,  
C o u n t e d x n Confidence Level

Age II 13 138 1151.6.3 +  198.06
Age III 11 120 1167.50 ± 21 5 .1 1
Ages com bined 24 258 1159.01 ±  145,43

Virgin spaw ners
Age II 10 100 1141.75 ±2.31.24
Age 111 6 60 1138.3.3 ± 2 9 8 .0 2
Ages com bined 16 160 1140.46 ± 1 8 2 .1 2

Previous spaw ners
Age I 5 58 1190.51 ± 3 1 6 .5 0
Age II 3 40 1185.62 ± 3 8 1 .3 2
Ages com bined S 98 1188.52 ± 2 4 2 .2 8

G ollection m onth
F ebruary 11 110 1186.59 ± 2 2 8 .3 2
M arch 8 98 1135.45 ± 2 3 2 .3 6
April 5 50 1144.50 ±3 2 8 .3 2

given size or weight. Such variation  is com m on am ong fish, having been re ­
po rted  for Am erican shad by L eggett (1969) and for herring  by Bridger 
(1961).

F ecundity  of A labam a shad approxim ates th a t o f Am erican shad 
in the h itter’s northern  range bu t is considerably  less than th a t of southern 
populations. L eggett (1969) ind ica ted  a m ean fecundity  o f 155,000 for 
Am erican shad in the St. John River (New Brunswick). W alburg  (1960) 
reported  fecundity  of Am erican shad in the St. Johns River (F lorida) rang­
ed from 277,000 to 659,000.

M icroscopic exam ination o f gonads revealed th a t most oocytes w ere 
stage IV w ith an occasional stage III. L ittle  variation in developm ent was 
apparen t betw een  ages, betw een virgins and previous spaw ners, or b e ­
tw een m onths of collection.

T able 6 lists mean stage IV oocyte diam eters an d  confidence levels 
by age, spaw ning history, and  m onth of collection. Stage IV oocyte d ia ­
m eters of the com bined data  averaged  1159,01 fi  ±145.43.

No significant differences in m ean stage IV oocyte diam eters were
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TA B LE 7. S IZ E  R A N C E O F  JU V E N IL E  ALABAMA SH AD BY D A T E  AND
R IV ER M IL E , 1969

D a to Nii. Raille i‘‘L M e a n  F L R iv e r  M ilt1 T p m p e ra tu ic
(nun) (mm) “C

5-28-69 18 29-49 .37.9 107 26.5
7-31-69 3 89-142 107.3 48 27 4
8- 6-69 14 69-142 105.1 48-7.8 28.1
9-11-69 11 44-109 84.4 42.5-7.8 27.5

10- 8-69 5 78-95 87.4 37.5-7.8 25.6
11- 5-69 1 74 74.0 20.6 18.4
12- 8-69 t 66-90 79.0 7.8 13.3

fou nd  b e tw e e n  virg in  sp aw n ers vs. p rev iou s sp a w n ers ( t =  1 .597, d.f. =  256)
or b e tw een first vs. seco n d  p rev io u s sp a w n ei■s (t =  0.151, d.f. =  96).

Juven ile  M igration and Growth
D uring  the .30 m onth survey period, 1,125 juvenile A labam a shad 

(25-142 mm FL) w ere collected in the  A palachicola River in June through 
D ecem ber.

One 128 mm FL  A labam a shad was collected on 20 M arch 1969. Al­
though the specim en was w ith in  the  typical size range of juveniles, it had  
m ature gonads and  thus was considered  part o f the spaw ning population. 
Aside from this atypical occurrence, no juveniles w ere collected  from Jan­
uary th rough May.

M igration and  grow th of juveniles w ere m onitored  by system atic 
sam pling and  concen tra ted  sam pling in all types of hab ita t. Juveniles w ere 
never collected  in areas of still or back w aters. Table 7 lists collection 
dates, range, and w ater tem peratu res for 1969.

L ength frequency progressions of juveniles in the  A palachicola 
Ri ver for 1970 (F igure 3) indicate th a t progeny of three separate  spawn- 
ing populations may be encountered  betw een  July and Novem ber.

The first, spaw ned betw een  river m ile 102-107, appeared  in July w hen 
a prom inent m ode (No. 1) occurred  at 75 mm. D uring  A ugust this m ode 
reached  105 mm but had  becom e m uch less prom inent, indicating that 
some em igration  from the  river had  occurred.

The second group, represen ted  by a p rom inen t m ode (No. 2) o f 65 
mm in August, and  95 mm in Septem ber, w ere probably  spaw ned in the 
C hipóla River. The previously described  retention dam  is low enough to 
perm it passage of adu lt shad  during  periods of high water. On 18 F e b ­
ruary 1970 a m ature m ale shad was collected  above the retention  dam.
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Spaw ning probably  occurs north of M arianna, F lorida in late April or 
May. Low er w ater tem peratures, caused by num erous springs feeding 
into the Chipóla River, allow  spaw ning  to occur after the  Jim W oodruff 
group. A bsence of a m ode (No. 2) in O ctober indicates em igration from 
the river.

No. 16 0

4 0
July

20

No. 2 \  August
6 0

4 0

20
(EUim
ED
Z September8 0

6 0

4 0

2 0

6 0

4 0

2 0

November20

105 115 1258 5 9 55 5 6 5 75
FORK LENGTH (mm)

4 5

Figure ,'î. Length frequency progressions of juven ile  A labam a shad, 
Apalachicola River, 1970.
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L aurence and  Yerger (1967) reported  collections of juveniles which, 
based on size, w ere separate  populations from Jim W oodruff D am  groups 
and  postu la ted  th e ir origin as the C hipóla River. Survey records of the 
F lorida G am e and  Fresh W ater Fish Commission reported  collections of 
juvenile shad in the C hipóla River in 1957.

The th ird  group o f juveniles is represen ted  in Septem ber by a less 
p rom inent m ode a t 55 mm (No. 3) which becom es the only rem aining 
m ode in O ctober an d  N ovem ber at 65 and  75 mm. This group probably  
spawns above Jim  W oodruff D am . N avigation locks in this dam  and  
the Colum bus and  W alter F. G eorge Dams north  of Jim W oodruff could 
allow passage of substantial num bers of spaw ning shad. In April 1970, 
surface tem pera tu res taken by the U.S. Corps of Engineers a t the  W alter 
F. G eorge reservoir 75 miles north  o f Jim W o o d ru ff averaged 72° F (21 ° C), 
w hile surface tem peratu res of Lake Seminole averaged  75.6° F (24,5° C). 
This variation in w ater tem peratu res w ould be g rea ter north  of the  W alter 
F, G eorge reservoir, and spaw ning could be delayed until May. Survey 
records of the  F lorida Gam e and  Fresh W ater Fish Com mission report 
collection of 25 shad in Lake Seminole during  April and  May 1957.

Modal increases in F igure 3 were 30 mm from July to August for Jim 
W oodruff juveniles, 30 m m  from August to Septem ber for G hipola River 
juveniles, and  10 mm from Septem ber to O ctober and  O ctober to Nov­
em ber for northern  juveniles. The decrease in growth rates from 30 mm 
to 10 mm p er m onth of northern  juveniles may be due to late spaw ning, 
low er w ater tem peratures, or decreased food supply.

In 1970 juven ile  shad over 125 mm (FL) w ere not collected  in t ht' 
river, and  em igration into salt w ater by larger juveniles independen t of 
tem pera tu res was indicated . Godw in and Adams (1969) no ted  sim ilar 
em igrations into salt w ater for Am erican shad in the  A ltam aha River, 
Georgia.

A ttem pts to collect juveniles in A palachicola Ray w ith a 15 ft try- 
net or from com m ercial shrim p boats w ere negative. Size of the  bay and 
the com plexities of the A palachicola D elta are lim iting factors decreasing 
p robability  of collection.

Sport Fishing Potential
A n  estim ate o f sport fishing potential was ob tained  by collecting 

adult A labam a shad w ith rod and  reel. A unit of work was two rods fished 
for one m inute. A to tal of 133 Alabam a shad w en; collected in 1920 m in 
for an average of 14.66 work units p er fish. The most p roductive day was 
on 2 M arch 1969, w hen 34 shad w ere collected  in four hours, or one for 
every 7.06 work units.
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Two sim ilar techniques w ere found best for collecting A labam a 
shad w ith  rod  and  reel. At the D ead  bakes Dam , W ew ahitchka, F lorida, 
the  ba it was drifted  in the  tailracc, one to tw o feet below  the surface. At 
Jim W oodruff Dam , C hattahoochee, F lorida, the  bait was cast straight 
out into the  ta ilrace  and  allow ed to drift dow nstream  until the  arc was 
com plete.

D uring  the study, sport fishing for A labam a shad  was lim ited to tw o 
forms: 1) en terta inm en t w hile fishing for o ther gam e fish, and  2) o b ta in ­
ing live bait for striped  bass, M orone saxatilis. No one in terview ed or 
observed fishing for A labam a shad  saved e ither the  fish or the roe.

A com m ercial fishery for A labam a shad does not exist in Florida, 
even though the popu la tion  appears large enough to support one.

T able 8 lists represen tative fishes collected during  the 30-month 
survey.

T A B L E  8. F I8 IIE S  C O L L E C T E D  IN T H E  A PA LA C H IC O LA  RIVEH 
1 9 6 8 -1 0 6 9 -1 9 7 0

Lepisosteidae — Gars 
Lepisosteus osseus (L innaeus): Longnose gar 
Lepisosteus oculatus (W inchell): Spotted  gar

A m iidae — Bowfin
A m ia calva  L innaeus: Bowfin

C lupeidae — Herrings 
Alosa alabamae  Jo rdan  and Everm ani!, A labam a shad 
Alosa chrysochloris (Rafinesque), Skipjack herring  
Dorosoma cepedianum  (Lesueur): G izzard shad 
D orosoma pe ten en se  (C iinther): T hreadfin  shad

E socidae — Pikes
Esox niger  Lesueur: C hain  pickerel

C atostom idae — Suckers 
C arpiodes cyprinus  (Lesueur): Quillback 
M inytrem a m elanops (Rafinesque): Spotted sucker

C yprin idae — M innows
C yprinus carpio L innaeus: Carp
N otem igonus crysoleucas (M itchill): G olden shiner
N otropis venustus  (G irard): B lacktail sh iner
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Table 8 (Continued)

Ic ta lu ridae  — Freshw ater Catfishes 
Ictalurus catus  (Linnaeus): W hite catfish 
Ictalurus natalis (Lesueur): Yellow bu llhead  
Ictalurus puncta tus  (Rafinesque); C hannel cattish

A nguillidae — Eels 
Anguilla  rostrata (Lesueur): Am erican eel

be lon idae  — N eedlefishes 
Strongylura marina  (W albanm ): A tlantic needlefish

M ugilidae — M ullets 
M ugil cephalus  L innaeus: S triped  m ullet

A therin idae — Silversides 
Labidesthes sicculus  (Cope): Brook silverside

Percich thy idae — T em pera te  basses 
M orone chrysops (Rafinesque): W hite  bass

C en trarch idae  — Sunfishes

Lepom is auritus (L innaeus): R edbreast sunfish 
Lepom is macrochirus R afinesque: Bluegill 
Lepom is m icrolophus (G ünther): R edear sunfish 
M icropterus coosae (H ubbs and Bailey): R edeye bass 
M icropterus salm oides (L acepede): L argem outh  bass 
Pomoxis nigrom aculatus (Lesueur): Black erappie

Bothidae — Lefteye F lounders 
Paralichthys albigutta  Jo rdan  and G ilbert: Culf flounder

Soleidae — Soles 
Trinectes m aculatus (Bloch and Schneider): H ogchoker

SUMMARY

1, Biology of the A labam a shad  was explored betw een  April 1968 and  
April 1971. A to tal o f 1,376 ad u lt and  juvenile  shad w ere collected.

2, A dult shad en te red  the A palachicola River in F ebruary  and  
males ou tnum bered  fem ales a t tem peratures below  17°C.

3, Shad do not feed during  the spaw ning run; only 0,8% have 
stom ach contents.
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4. The spaw ning population  is com posed m ainly of tw o and three 
year old fish, although some of the tw o year olds have previous spaw ning 
marks on the ir scales.

5. Fem ales are larger than m ales in every age class.
6. R epeat spaw ners represen ted  38,3% o f the  population  in 1969

and 6.3% in 1970, T hree specim ens had spaw ned twice.
7. Below Jim  W oodruff Dam , spaw ning occurs a t w ate r tem per­

atures of 19-22°C over bottom  o f coarse sand an d  gravel w ith a cu r­
rent o f  0.5-1.0 m/sec.

8. F ecund ity  estim ates ranged  from 61,238 to 257,655. F ecundity  
increased  w ith a decrease in repeat spaw ners. There is little varia tion  in 
stage IV oocyte d iam eters betw een  virgins and  previous spaw ners, b e ­
tw een age 2 and  age 3 fish, or am ong specim ens collected in February, 
M arch, or April. D iam eters averaged 1159,0 p.. Shad en ter the river w ith 
ripe gonads dom inated  by stage IV oocytes. F ecundity  varied  consider­
ably am ong specim ens o f a given size.

9. Length frequency analysis of juveniles ind icated  th ree spaw ning 
populations in the A palachicola River and it was hypothesized tha t 
their origins were: 1) below  Jim  W oodruff Dam , 2) the C hipóla River, 
3) the C hattahoochee-F lin t rivers.

10. Juvenile shad m igrate down river and  en ter salt w ater at 120 
mm F T  or at sm aller sizes in cold w eather. M odal growth of m ost juven­
iles w as 30 mm per m onth.

11. Sport fishing potential o f A labam a shad  was excellent w ith  an 
average of one fish caught every 14.66 m inutes w hen two reels w ere used,
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