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A!s1'RACT 

The nature and extent of weight 10ss ?nd energy utilization by shad 

(Alo~a sapidissima, Hi1son), which do not feed in freshwater, was studied 

in three Atlantic coast rivers. The significance of geographical differ-

ences in tissue weight dynamics and bioenergetics was evaluate~ in terms 

of adult mortaliFY and of adaptive shifts in the pattern of energy 
l, '1' , 

utilization in ti~'spo.nse to the en,vironment of the home river. Intra-

population.differences in energy utilization weie also examined in 

relation to timing of migrations. 

Th~ variables influencing the rate afd ext~nt of energy utilization 

were distance to spawning areas, water temperature and current velocity, 
" 

and extent of gonad developmen't ln freshwater. Distance was the most 

i~portant determânant of total energy demand associated with the fresh-

~ater migration. !pe long migration ta the spawning ground& in Florida 

resulted in extensive utilization of energy reserves (70-80%) and complete 

postspawning mortality. Reduced depletion (30-60%) and postspawning 

$urvival were associated with the shorter migrations in Connecticut and 

Vifginia. The greater migration efficiency (kcal expend~d/kg body weight/ 
\ 

km of upriver dis placement) in Florida and Virginia (average of 4.5 vs • 

. 6.8 in Connecticut), despite generally higher waier temperaturés in these 
, \ 
1 \ 

southern rivers, was due to,reduced current velocities encountered. High 

Water temperatures did account for t~e reduced migration eff~ciency of 

late migrants within the Connecticut population (average of 8.8 vs. 5.7 
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for earlier migrants) and thus a greater depletion and higher postspawning 

mortalit\ among these individuals. Extensive gonad development,of 

Connecticut and Virginia s'had, during active oceanic feeding reduced' 

energy demands for this. purpose during the freshwater fast. Conversely, 

significant increases (20-80%) in the gonad energy content of Florida shad 

in freshwqter clearly taxed the aVàilab{e reserves of these migrants and 

con~ributed tJ complete postspa~ing mo~tality. 
1· 

Shad appear ta be highly adapted bothll en~rgetically and reproduc-

tively to their ~cific home rivers. Larger body size and later mean 

age at 

energy 

maturity 
\ 

\ reserves 

" 

of Connectidut River shid may be an adaptation to increase 

and t~~reby enhance ~rftspawning surviva} necessary for 
r 

.popula~ion stability in a fluctuatinr environment. Florida shad maintain 

a ~~~h reproductive potential, de~p~te small body size and complete 

postspawning mortality, by greatly;, increasing relative fecundity. 
! ,. 

Higher fecQndity is possible by l reduced allocation of en~rgy per ovum 
1 

(0.4 cal vs. J .. _~~ cal for the V:i,rginia and Connecticut populations). Further­

more, the migration ratJ of shad, near the speed of maximum metabolic 

! efficiency (one body length~~ec), may be an adaptation to maximize spawning 

success and postspawning survival by reducing the energetic cost of 

swimming. 

Extension of the donnecticut River migration to the historical range 

of the~peCies in the \ river will significantly alter the population 

structure. Shad spawning in areas above existing sités will experience 

significantly highar energy costs and proportionately higher postspawning 

mortality. Thus an increasing proportion of virgin fish in the Connecticut 
/ 

population is predicted as the restoration program proceeds. 
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RESUHE 

L'auteur a êtudiê dans trois r~vi~res de l~ cSte atlantique la n+ture 

et l'importance (1) de la perte de P?ids cOFporel, et (2) de l'utilIsation 

des réserves énergétiques, chez\I'A1ose (Alesa sapidissima, Wilson), qui 

ne s'alimente pas au cours de sa migration en eau douce. Les changements 

" 
observês dans le poids des tissus du poisson et dans la bioêrrergétique 

de ceux-ci varient d'une rivière à l'autre; la signification de ces 

/ 

différences géographiques a étê évaluée en ~apport avec la mortalitê des ' 

adult-es et les modifications adapta'~ives (déterminées par les conditions 

de vie de la rivière natale) dans le patron d'utilisation des ré$erves 

énergêtiques. 
G 

Les différences qui apparaiss-ent êgalement au se~n de 

chaque population dans l'utilisation des rêserves énergétiques ont étê -
analysées en rel a tion av~c la pê riode 'd'amorce des migra tions. 

Le taux et l'importance de l'utilisation des réserves énergétiques 

sont influencés par les-facteurs suivants: l'éloignement des frayères, 

la température de l'eau et la vitesse des courants, le degré de maturation 

des gonades en eau douce. La distance à parcourir pour atteindre les 

frayères est le plus important des facteurs qui dêterminent le coût 

énergétique-total de la ~igration en eau douce. La ,longue migration 

L vers les frayères de Floride entralne une importante utilisation des 

réserves énergêtiques (70-80%) et ne mortaJité post-reproductri~e qui 
"'" 

atteint la totalitê des géniteurs~ Dans le Conneçticut et en Virgin1e, 

la dêpense ênergêtique rêduite (3 -60%)' et l'existence d'une survie post-

reproductrice sont à associer aux migrations plus court~s qui s'y déroulent. 
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La vitesse réduite d.s courants rencontrés par l'l,ose en Floride ct en 

Virginie expliqùe que l'efficacité migratoire (une moyenne de 4;5 en 
" 

comparaison de 6.8 dans le Connecticut, exprimée. en kcal dépensées/kg de, 
\ 

poids corporel/km de déplacement en amont)\est plus grande dans ces rivières 

méridionales, bien que les températures y-soient généralement plus élevées. 

Dans le Connect~cut,' ce sont les températures él,evées de l'eau qui sont à 

l'origine de la diminut~on dans l'efficacité migratoire des migrateurs 

tardifs de la population (B.B en comparaison de 5.7' chez les migrateurs , . 
! 

les plus en avance)t déterminant ainsi chez ces individus une plus grande , , 

dépense énergétique et une mortaaité post-reproductrice plus élevée. 

important développement des gonades s~ pr~dUi~qU cours de la période 

d'alimentatiori en mer de l'Alose du Connecticut et de Virginie; cette 

Un 

maturation océanique réduit d'autant le coût énergétique de la migration 

en eau douce au cours de laquelle l'Alose ne \s'alimente pas. Par contre 

on, observe chez l' Aiose de Flo;ide des augmentations significatives 
, . 

(20-80%) dans le contenu en énergie des gonades pendant la migration en 

• eau douce; cette maturation continentale grève d'une façon évidente les 

rése~v~s ~nergétiques disponibles chez ces migrateurs et contribue à leur 

important:e mortalité pos't-reproductrice. 
~ . ".. , 

L'Alose apparaît profo'ndément adaptée à la\ rivière natale qui lui 

est propre, tant d~Un point de vue énergétique que reproducteur. L'Alose 
\ 

de la rivière Connecticut présente en effet une taille pl s grande et Ine 

moyenne plus élevée de l'âge à maturité. ~Ces cara:ctères p urraient être 

des adaptations assulrant l'augmentation des réserves énergé iques, et de ." 

ce fait l'accroissement de la survie post-reproductrice, celle-ci étant 

'1 \ 
nécessaire à la st~bilité de la population dans un milieu changeant. Chez 
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l'Alose de Floride, de plus petit~ taille et dont la mortalité post-

reproductrice est totale, l'augmentation adaptative considérable de la 

fécondité assure malgré tout un potentiel reproducteur élevé. Cette 

fécondité accrue s'explique par une mise en réserve énergétique réduite 

au niveau de chaque ovule (0.4 cal en comparaison de 1'.3 cal pour les 

populations des rivières York et Connecticut). Les vitesses de migration , 

de l'Alose sont par ailleurs pr~ches des vitesses d'efficacité métabolique 
, 

maximale (une longueur de corps/seconde). On peut donc considérer qu'en 

réduisant ainsi le cJ~t énergéti1ue du dé~lacement JU,POisson, la vi~esse 
de migration pourrait être une adaptation qui mqximise le succès,de la 

reproducti~n et la survie post-reproductrice. / 
~ 

Permettre à la migration de la rivière Connecticut qu'elle s'étende 

à l'ensemble de l'aire de dispersion historique de l'espèce, dans cette 

rivière va entraîner d'une façon significative l'altération de la struc-

ture de la population. L'Alose amenée à se reproduire dans des frayères 

situées en amont des sites présentement occupés à cette fin vont SU~lr 
\ 

des dépenses énergétiques significativement plus grandes et une mortalité 

post-reproductrice prop6rtionnellement plus élevée. Par voie de conse-

quence on prédit qu'une proportion ~oissante de Plissons 

n'ayant encore jamais frpyé doit apparaître au sei~ de la 

adul tes mais 

p6~ulation de 

la rivière Connecticut, au fur et à mesure de l'avancement du prog~amme 

cl' aménagemen t de l' es~èce •. 
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STATEMENT OF~CONTRIBUTION TO ORIGINAL 

" KNOHLEDGE 

\ 
The author believes this'study has eontributed to original 

knowledge in the fo11owing ways: 

1. This study has provided the first detailed information on 
f' 

the tissue weight changes and energy costs associated with the .. 
spawning migration of American shad. 

1 2\ 
Geographie variation in the bioenergetics of fish migration 

has been clemonstrated for the first time. 
'-, 

3. The ,estimates of in situ metabolic 

'. l f '! f' cl enVlronmerrta aetors are' lrst reports an 

from laboratory studies. 

resPlfsès by fish to 

corr~,orate the tindings 

4. The_ study oUers the first' evidence that populatiort specifie 
.. ) 

reproductive adaptations by shad may in fa ct be elaborations of 

ener~etic adaptation ta local environment. 

\ 
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PREFACE 

This thesis has been written to conf~rm to ,section 7, 

I~formation Concerning Theses, Faculty of Graduate Studies and 
1 

"-) .. , 1 
Research, McGill University.! A paper , based on research for " 

this degree and submitted for publication, has been incorporated 

into the main body of the. thesis. 

\ 
o 
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.. 
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1 \ 
Glebj' B.D., 'and w.c. 

, '"' ... / 
Leggett, "Bioenergetics of tl).$J.Freshwater 

Spawning Migration of Shad (Alosa sapidissima, Wilson)". J. Fishô 

c' Res. Bd. 'Canada (subroitted). 
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Introduct~on 

S~vera1 anadromous fish species make 'extensive freshwater migrat ions 
1 • 

without feeding. Concomitant high adu1t morta1ity frequent1y occurs and 
~ 

10 
is often assoeiated with extensive weight loss and energy depletion 

(Pacifie salmon, Idler and Clemens, 1959; Atlantic salmon, Greene, 1926; 

Be1ding, 1\934; stee1head, Robertson~. al., 1961, With1er, 1966; lamprey, 
1 

McCay, 1931). American shad (A10sa sapidissima, Wilson) consume li~tle 

or no food during their extensive freshwater migrations (Leim, 1924; 

" 'i;\,r' 
Leach, 1925; Moss, 1946; Atkinson, 1951) and, tao, they"f3\lffer high, and 

., 
in sorne populations complete, mortality ,r,~'t this time. Reported weigh t 

los ses (Chittenden, 1969; Leggett, 1972) ranging from 30 ta 50%, levels 

associated ~ith death in other speeies (Belding, 1934), suggest depleti~n 

of energy Teserves may ·be a major fact~r in this morta1ity. If so, 

latitudina1 variation in spawning morta1ity, indicated by the \c1inal 

l ' 
change in the proportion of repeat spawners (Leim, 1924; Mansueti and 

Kol~;,1953; Leggett, 1969), may also res~lt from differential weight 10s8 

and energy expenditures during' the freshwater migration. 

In this study the nature and extent of weig~t 10ss and ener:gy uti1i": 
1 

zation by shad during the "freshwater migration was determined at three 
\ , 

latitudes (Fig. 1) and its sfgnificance evaluated in terrns of adu1t 
\ 

morta1ity and of possible adaptive sh~fts in the pattern of energy uti1i­

zation in the threetpopulations. ,Tempora1- intrapopu1ation differenees l , __ 

in energy utl.llzation' we~- also examined in r21ation ta varying enV.Lron-

mental conditions conse:tuential to the timing of 'migra tians. 

( 

., 

l .. 

\, 
\ 
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Figure 1. Sampling locations and schedule. Total channei distançes 

(round trip distances to Holyoke for spent migrants in the Connecticut 
o 

River) travelled by shad to each station are given. Collection dates 

are indicated in parentheses (e.g. (l, 13-23) = January 18-23). 
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Materia1s and Hethods 

SAMPLING LOCATIONS 

In 19~, 348 sh~d were col1ected at eight Connecticut River ptations 

(Fig. le) -distributed aiong the freshHater migratory route from Saybrook 

"-

at the river mouth to Ho1yoke Dam, the approxima te upper limit of the -:::.. 

migration for the majority of the popula tian (Harcy, 1972). Gill nets 

(11.4 and 14.0 cm stretched mesb) were ut~lized to collect unspent 

specimens at Saybrook, Salmon River, Rocky Hill, Wilson, and spent 
" , 

'downriver migrants atr Wilson, Rocky Hill and Brockway Island. Unspent . ~ 

'{ish collected at Holyoke were taken from a fish lift operated by the , . 
H~lyoke Water ,Power \Company • In addition 24 spent shad were 'sampled from 

.... 'I~ 

a ,bau! seine (7.6 cm stretched mesh) operated at Wilson by the Connecticut 

Departm~nt of Environmental Protection. 

In 1973, 367 \shad were collected at five Connecticut River stations 

(Saybrook, Rocky Hill, Wilson, Holyoke\and Brockway Island). Collection 

methods were identica1 ta those emp10yed in 1972. . , 

In the St. Johns River, Florida, 268 shad were col1ected in 1974 at 

five stations distributed a10ng the migratory route (Fig. lA) \ from Hayport 
" 0(' , 

at the river mouth to Lake Poinsett, the upper limit of the spawning 

migration (Williams, and Bruger, 1972). Methods of collection varied from 

station to station and are summarized below: 

Station Gear 

, 
\ 

Mayport gill nets (ll.4. 12.7, and 14.0 cm stretched • 
mesh) 

'-\ 

'_Il n r 1 r n' il 11' 1; f !fi .. ta. ' 11 FI? lOi 
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Welaka commercial haul seine (6.~ cm stretched 

mesh) 

Lake George - gill nets (11.4 and 12.7 cm stretched mesh) 

Lake Poinsett - gill nets (11.4 and 12.7 cm stretched mesh) 
( 

- tramel net ( 25 • 4 cm and 5. 0 cm square 

meshes) 

- angling 

" In 1976, 83 adult shad Here collected at two stations in the York 

River system (Fig. LB) with 12.7 cm (stretched mesh) gill nets. 

SAl1PLING SCHEDULE 

\ \ 
, In the Connecticut River discrete collections of male and female 

shad were made at the peak of the migration (1972) and early and late in 
'\ 

the rurt (1973). This temporal separation was achieved by plotting the 

daily catch per unit effort (C/UE) of males and females in an experimental 

drift gîll net fished at the river mouth (Connecticut River Ecological 

Study (CRES» during the years 1967 ta 1971. Comparison of these trends 

with the daily ClUE of the same gear fi shed in 1972 alloyed the prediction 

of the timing of the peak entry of male and Éemale shad lnto the river in 
1 

1972. In 1973, sampling of early male and female migrants at the river 

mouth caincided with their first appearance in the CRES catches. Sampling 
" 

for late migrants was initiated when ClUE began to decline rapidly, 

in~icating the approaching termination of the run. The same se&ment of 

the population (associated with peak, early and late migr~nts) was 

sampled at upriver locations by calculating average rates of upriver 

.: 

\~ , 

a 
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migration for males and females from CRES tagging data and timing sa~ling 
) 

to this movement. The upriver migration rate • ..ras c:alcu1ated as the slope 

of the least squares re1atwnship bettveen the average numb~r of dayz>" 

tagged shad \Vere free and the dlstance trave11ed to specifie upstrea)ll 

recovery sites for the years 1967 to 1971. "'he timing of the peak entry 
~ 

of shad into the river in 1972 and the rea1ized upstream migration _ratlis 

fo-r-î972 and 1973 were determined and checked for agreelTlent with pre-

----------------~--' 
--- dict~d values used ta de termine the sampling sequences. 

Upstream migration rates of F10rida and Vlrginia shad are unknown. 

~ 
Therefore, no attempt was made ta sample the same segment of these 

\ 
l 

populations at each station. Concurrent sampling of males an~ females 

was initiated at the river mouth in la te January (Florida) and late March 

(VLrginia) when peak numbers of shad historically enter these rivers 
• - 1 

(Leggett and Whitney, 1972). Uprivei stations were then samp1ed without 

de1ay. Later, the Poinsett Lake station (F1orida) WélS resampled for 

spent shad. No effort was made ta sample spent fish in the York River. 

SELECTION OF SHAD FOR SAMPLING 

To assess the relationship beë\Veen weight 10ss, energy expenditure 

and body length, shad sacrificed at each Connecticut and F10rida location 

were s~ected according to predetermined length categories based on 
Q 

repqrted 1ength ranges (Carlander, 1969). ConnectiG-ut River categories ~_ ~/ 

were 43-45 cm, 46-48 cm, and 49-51 cm for males1and 44-47 cm. 4~5l·cm, 
i 

and 52-55 cm for feI?<lles. \ Approximately eight shad were selected in'each 

size category at most stations. Difficulty was experienced in proe~ring 
., 
\ 

. " 

/ 
( " 

.\ 
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adequate numbers at the Salmon Rivet; Wilson and Rocky Hill stations in, r,\ 

1972, and these ~tations were dropped from the 1973 sampling schedule. 1 

Only 
> 

unspent fish ) . 
from catches of upriver migrants, and ~nly fully spent 

shad from catches of downriver 

Florida,length categories were 

migran ts were us ed in the analyses. 

33-35 cm, 37-39 cm, ~nd 41-4~ c.m for 

and 38~40 cm, 40-42 cm, and 42-44 cm {or females. Approximately ten 

The 

males 

ripening'shad were selected in each size category. However, aIl spent 
,q 

fhad collected at Lake Poinsett were kept because of their scarcity. 

In the York River, only one size class of males (37 + 1.0 cm) and 

fema1es (42 + 1.0 cm), representative of the most frequent size c1ass 

in the population, was sampled. Approximately twenty individuals of each 
Q. ? 

sex \-1ere collee ted a t each station. 

Water temperatu~ was recorded coincident with sampling in the 

Connecticut and St. John's Rivers. The Virginia Institute of Marine ~ 

Science provided water temperature data for the period encompassing the 

York River shad migration. 

The magnitudes of angular d\splacements during upriver migrations 

C{halturin, 1967) were used to indicate r;~ative current velocities 

experiànced by migrants in the thre,e s tudy rivers. 
\ 

\. 
\ 

~EATMENT,OF SACRIFICED FISH 

I~ediately after capture aIl fish were sealed in polyethylene bags. 

Removal to the laboratory wa6'general1Y,acçomp~shed within six hours of 
1 ( '\ 

capture. For longer delays (maximum 12 hours) the ba~s were packed in 

ice. In the laboratory, fork l~ngth was determined to the nearest 0.5 cm. 

1 
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Gonad, viseera and somatie (eviscerâted body) ts were deterrnined to 

the nearest gram. Somat~c tlssue was homogenized ln a one\gallon Waring 

blender. Approximately 400 g of somatie homogena e, and the entlre 

gonad and viscera were indlvidually sealed in evacuated polyethylene bags 

/ 
and stored at -34°C until chemical analyses were performeâ. Total. age, 

age at maturity 'and spawning history were determined by sca1e reading 

(Cating, 1953; JudYt 1~61). 

BIOCHEHICAL ANALYSIS OF TISSUE SAt1PLES 

Proximate analyses of total protein, fat and moisture were perforrned 

on the gonad, viseera and somatic tissue of aIl Florida shad and Connecticut 

• shad calleeted in 1972. These analyses indicated somatie constituents 

supplied over 90% of the migratory energy requirements. Therefore only 

the soma tic tissues of the Connecticut samples obtained in 1973 were 

analyzed. Prior to 
~ 1 

the analyses, gonads and viscera were homogenized and 
'0 

somatic tissues re-homogenized (to incorporate water separated during 

frozen s~orage). Moisture was determined by drying 5-20 g samples 
. i 

(depending on the amount of tissue available) to,a c9nstant w~ight at 

Fat content of the dried viseera and somatie tissue was quantified 
, 

by the method of Korn and Macedo (1973). Gonad fat was extraeted with 

diethyl,ether in a Soxhlet apparàtus. Total nitrogen was determined by 

the nesslerization of Kjeldahl digests (Middleton, 1960) of 1.5 g wet 

samples using selenium as a catalyst (Strick1and and Parsons, 1972). 
\ 

Intensity of the Nessler colour complex was measured on a Unieam SP 600 

speetrophotometer using a 4 cm cell. Protein content was estimated by 

\ 
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. 
mu~tiplyrng t~tal nitrog~n values by 6.25 (Dowgiallo, 1975). Ash content 

:,. 
of aIl Connecticut River shad tissues colleeted in 1972 was ~etermined 

by combusting 1-5 g dry samples to a constant weight (approximate1y 24 

hours of combustion time) at 550 0 C in a muffle furnajce (Horwi tz, 1965). 

AlI tissue constituent analyses were performed in duplicate. 

Energy expenditures and reallocations by Florida and Connecticut 

shad were determined by applying calorie equivalents (5.7 kca1/g for 
)! 

protein; 9.5 kcal/g for fat) (Kleiber, 1975) to changes in the energy 

Yiel\ing constituents of the gonad, fiscera and samatic tissues. 

data was obtained for York River shad by combustion of one gram 

(no replication) of gonad, viscera and somatic tissue" in } Parr 
\ 

Similar 

dry samples 

non-

adlabatic oxygen macro-bomb calorimeter. The equiva1ence of estima tes of 

\ 
tissue! energy content using the heat of oxidation method and calorie 

equiva1ents of tissue fat and protein content was determined by chi-square 

analyses of estimates using both methods on 12 tissue samp1es. 

TISSUE WEIGH, DYNAMICS 

Gonad, viscera, and somatic weight changes during the migration ~n 

the St. Johns and Connecticu~Rivers we~e studied by com~ring regression 

equatiùns expreSSing\the relationship between these parameters and 1ength 

at subsequent sampling locations. Simple 1inear regressions on length 

were used because logarithmic transfo~ation and polynomial regressions 
If 

failed to significantly reduce residual variance. Tissue weights (pre-

dicted by regression equatlons) of shad collected at upriver sampling 

sites were expressed as percentages of the predicted tissue weights of 

\\ 

) 

'. 
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fish of identical size at time of entry inta the'river (0 km) and the 

resulting relatlonships were plotted. Significant difEerences in temporal 

and interpopulation changes during the freshwater migration were deter-

mined by comparing appropriate pairs of regression equations for equality 

of slopes and adjusted means by analyses of covariance (Snedecor and 

Cochran, 1,967). 

Percentage change in gonad, viscera and samatie weights of York 
{' 

River shad during the migration from the river mouth (km 16)' to the 

spa\'lning grounds was ealeulated using mean values at eaeh station. The l. 
significance of changes was determined using Studèntfs T test (Snedecar 

and Cochran, 1961). 

The extent of gonad development at the time of entry into freshwater 

was determined by expressing gonad weight as a proportion of soma tic 

weight for shad eollected at the river mouth (Vladykav, 1956). In the 

caleulation of t~is ponad maturity index tor Florida and ,Connecticut 

\ 
shad, gonad and soma tic weights predicted from the appropria te regression 

equatlons were used. pJ 

TISSUE ENERGY DYNAMICS 

Simple linear regresSion} of tissue energy content on for~ length 

were used to caleulate proPo~ianal and absolute changes in tissue energy 

content during the migration in the Connecticut and St. Johns Rivers. 

Proportional changes were determined by comparing the energy content of 

gonad, viscera and somatie tissues in shad of varying lengths sampled at 

the river mouth with corresponding energy values for fish of equivalent, 

",'.t ua .... il?t'Mlf.'ffaWi'WfWs'. 'tu.!pzre""I •• "."; 

\ 

\ 
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\ 
lengths sampled at uprivèr -locations~ Changes in tissue energy content 

were expressed as proportions of the initial (river entry) energy content. 

Absolute tissue energy changes during the freshwater migration were 

calcula"ted only for the "standard" f~sh (mean leIlgth) in the populations. 

The significance of temporal and between population differences in 

tissue energy changes during the freshwater migration were determined by 

comparing appropriate pairs of regression equations for equality of slopes 

and adjusted means by analysis of covariance as was done in the analysis 

, of tissue weight dynamfcs. Because variability in energy content increased 
*~ 1 

relative to tissue weight variability (due to compounding variation by 

sJrming protein and fat energy components) fewer length/tissue energy 

content regressions were significant. However, analysis of covariance 
Il 

remained valid for comparison of non-significant regressions. Only the 

robustness of the comparisons was lost. Thus, sorne s\gnificant differences 

in slope and elevation may not have been detected. 

Proportional and absolute energy changes in the gonad, viscera and 
\ ' l ' 

somatiJ tissues of York Rlver shad were determined in a manner similar 

to that used in the assessment of energy changes in Florida and Connecticut 

shad tissues except that sample means for each station rather than pre-

dicted values were used in the calculations. 

Results 

UPSTREAM MIGRAtION RATES AND SAMPLING SCHEDULE 

Upriver migration rates (slopes of regres~ion lines) calculated from 

t~e relationship between distance traveled and corresponding days free 

\ ' 

" 
,\ 

\ 

\ 
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for tagged mlgrant shad did not vary significantly from year to year. 

Therefore a single regression line was fitted ta the combined dis placement 

data for the years 1967 to 1971 ta determine overal1 migration rates 

(5.9 and 6.1 km/day) for males and females respectively, (Fig. 2). These 

rates were,used ta deterrnine jampling times at successive Connecticut 

River stations in 1972 and 1973. ~ posteriori determinations of migra-

tian rates indicated that the realized rates ,,,ere 5.7 and 5.7 km/day for 

males and 6.8 and 8.2 km/day for females in 1972 'and 1,973 respective1y. ' 

Sampling of male shad in the Connecticut River in 1972 ras initiated 

on }illy 4. ~ posteriori analysis of ClUE data indicated the median ClUE 

actually occ~rred on May 6. \sampling of females was dé1ayed nine days 

(May 13) in accord with the ~verage nine day separation between peaks 
~ 

during 1967 to 1971. The ca1cu1ated median ClUE for females in 1972 

coincided with the predicted date (May 13). In 1973 sampling of early 

and late run fish commenced on April 20 and May 21 respective1y. 

Sampling dates in aIl three riv~s are given in Figure 1. 

\ 
1 

GONAD NATURITY AND WEIGHT CHANGE 

Regression re1ationships used to analyze changes in gonad weights and 

relative maturity are given in Table 1. 

Significant intra- and interpopu1ation differences in the degree of 

gonad development at the \ime of river entry were found (Fig. 3; Table 2). 

~Hthin rivers, the avaries of 'large F10rida and small Connecticut shad were 

1ess developed than those of other individuals in their respective po pula-

1 

tions, \.;hile differences in the ,degr~e of testes development were small. 

1; 
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Figure 2. The relationship (sexes separa te) between days free after 

\ ' 
tagging (X) an~ distance travelled (Y) for the years _1967~~9\1 combined. 
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Figure 3. Relative maturity of gonads at river entry as indicated,~y 

the ratio of gnnad to somati, ",eights. / 
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Table 2. F values for analysis of covariance of length/gonad weight regressions for fish sampled at the river mouth, at the 

spawning areaa and fo11owing spawn1ng. (+) or (-) 1nd1cates slopea and e1evations of the-regressions on the hor1-

zontal are significantly greater (+) or less (-) than the slopes and elevations on the vertical (p<O.OI). 

'- Male Female 

Florida Conn. Peak Conn. Early Florida Conn. Peak Conn. Early 

slope e1evat1on slope ele'lation Ilope elevat10n dope elevation slope e1evat10n dope e1evation 

RIVER MOUTH (0 km.) 

Conn. Peak 6.2 104.8(-) 24.5(-) 50.6{-) 

Early 14.3(-) 50.6(-) O.rl'" 5.0 9.8(-) 43.0(-) 0.7 7.1 

Late 1.1 44.2(-) 1.3 10.6(+) , 3.4 2.2 17.6(-) 33.0(-) 0.7 25.8(+) 0.0 4.2 

L MAJOR SPAWNING AREAS {370 km. Flor1da l 137 km. Conn.) 

Conn. Peak 1.3 37.7(-) 2.3 1.4 

Ear1y 1.8 56.1(-) 0.0 2.4 0.0 0.1 2.1 0.5 

Late 0.5 \7 0.2 29.3(+) 0.1 62:5(+) 2.8 2.4 0.0 12.5(+) 1.8 14.4(+) 

'& 

13.~) 
SPENT FISH ~370 km. Flor1da l 265 km. Conn.) 

Conp. Peak 1.5 1.2 2.8 

\ Esr1y 3.1 11.6(-) \ 3.0 0.6 1.0 5.8 0.1 0.0 

Late 0.1 Q.2{-) 2.6 12.5{+) 6.3 9.4(+) 1.1 2.5 0.0 0.5 0.1. 1.0 , 

1 
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In the Connecticut River only females shm.,ed a marke.d tempoqü variation 

il gonad development. Ovaries of femules entering the river late in the 

run were significa~tly less devel~ped than those migrating at the t1me 

of peak abundance or early. Bet\.,een river comparisons revealed that the 

gonads of Florida shad were significantly less developed than those of 

Connecticut migrants (Table 2). The maturi~y of gonads of Virginia shad 

was similar to that of Connecticut shad (Fig. 3). 

-During the upriver migration of St. Johns and York River shad a 

signi~cant increase in the gonad weigh~ of both males and females 

occurred ~Figs. 4, 5). The"maximum increase in testes weight in Florida 

ranged from 40 to 100%, depending on the size of the individ~al. The 

smalleJ, less mature mal~s experienced the greatest proportional increases. 

-r The 21% increase in Virginia shad testeS weight was considerably less than 

testes weight 'increases of even the smallest F1:orida males. The maximum 

observed increase in ovary weight was 20% in Vi~ginia and ranged from 40 

to 100% in F~orida. The greatest increases were exhibited by the '~argest 

-' 
St. Johns River femàles (whose ovaries wer~, least developed at time of 

entry into the river). In Florida the con~inued ~rease in ,the gonad 

weight of 'both sexes to 259 km indicated that little or no spawning 

occurred below this point. A suosequent significant d~crease (covarianc~ 

~ F(1,56) = 21.0, p < 0.01 (males); F(1,48) = 13.4, p <~0.01 (fernales» in 

thè length/gonad weight relationsh~p at 370 km suggested sorne spawning 

had occurred ben.,een km 259 and 370. This finding is consistent with 

the reported distribution of spawning areas in the St. Jo~ns River 

(Williams and Bruger, 1972). Visual cornparison of the testes of these 
J 

\' 

$2 
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Figure 4. Proportional 'changes in testes weight (relative to weight at 

the river mouth) at various distances (km) from the sea. Analysis of 

covariance F values for differences between slopes ànd elevations df 

linear ~egression lines used to generate the curves (Connecticu,t and 

Florida) and t values for comparisons 

grounds (Virgi~1ia) are given 

of mean weight at river mOfth and 

spawning (~, p < 0.01; -, comparisons nat 

made), * iLldicates % weight 'change/body length trends were estimated 

from one non-significant (p > 

Th~se curves were included to 

meaningful. 

o • 

i 

0.05) linear regression (seé Table 1). 
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indicate relative elevations which are 
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Figure~. Proportional changes in ovary weight during the freshwater 

migration. Chan3es associated with spec~fic distances (km) are relative 

to initial ovary weight. See Fig. 4 for explanation of symbols and 

terminology. 
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male shad w1th those of fully spent males sampled later at the same 

location (370 km) 'indicated spa~.;ning in the fOrr.1er group was incomplete 

at the time of sampling. The pro~ortional decre~se in ovary weight ai 

females less than 43 cm beyond km 259 and the significant reduction 

(covariance F(1,47) = 5.9,'p < 0.05) in slope of the length/ovary weight 

relationship at km 370 indicated the smaller females (which \Vere more 

mature at time of entry into freshwater) were spawning earlier and further 

\ 

downstream than their larger counterparts . 

• 
In contrast ta the pattern observed in Florida and Virginia~ the 

testes weight of Connecticut River males did not increase during the 

upStFeam migration regardless of time of entry into>the river (Fig. 4). 

Jbr fem~les, the pattern of ovary development varied with the time of 

entry into the river. Early and late migr:mts exhibited significant 

i~creases in ovary weights (ranging from 357 40%) during the migration to " /,) 

"'-=...fr 
the lower limits of the main spawning areas (50-83 km) (Fig. 5). No 

increases in ovary weights occurred in females entering at the peak of 

the run presumahly hecause the ova~ie'S of these fish were more fully 

developed at the time of entry into freshwater. 
1 

Spawning of individual Connecticut River shad appeared to he pro-( 

tracted and to occur over a large area. Late migrant males and females 

experienced sfgnificant reductions in gonad weight (Figs. 4, 5) as little 

\8 50 km from the river mouth. Gonad weight lasses (indicative of 

spawning) i;l c~rly and peak run migrants first occurred approximately 

83 km from the river mouth (Figs. 4, 5) and continued ta km 137. 
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The significant inC;)Lease in gonad weight of Virginia shad betHeen 

the river ~outh and km 80 suggested 1itt1e or no spawning occurred 

dmvns tream of km 80. This finding agrees wl.th the reported 1imited 
. / 

distribution of spa\vning activity in the York River system (Massmann,' 

1952) • 

VISCERA WEIGHT LOSS 

Significant interpopu1ation differences in viscera weights at the 

time of entry into freshwater were observed. The 1ength/viscera weight 

relationship of Florid~ shad was significantly below that of aIl 

Connecticut migrants (Table 3) ind'icating they enter ,freshwater with 
) 

smaller viscera energy reserves. Viscera weight lasses (approximate1y 

35% (Fig. 6) of initial leve1s) in females du~ing the upriver migration 

in the St. Johns River were similar to viscera weight losses experienced 

by early migrant Connecticut River females but were substantially less 

than viscera weight losses occurring in Connecticut River fema1es 

migrating at the peak and late in the run (40-60%). The smal1er pro-

" portional weight loss of FI~rida females apparently was a consequence of 

the reduced viscera reserve\ carried into the river because the slope and 

elevation\of the length/viscera weight relationships of the Connecticut 

and Florida shad do not differ at the spawning grounds (Table 3). For 

males, the viscera weights at entry ta bath ri~ers were more similar than 

th~ viscera weights of,females (Table 3). 
1 

Consequently, viscera weight 
\ 

lo~ses associated \oJ'ith upriver migration were f?fmilar\ (Fig. 7). The lack 

of significant decreases in viscera weight after spawning (Figs. 6, 7) 

\ 

-" " mM. t "h'SO' , 7 

\ 

\ 
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Table 3. F values for analysis of covariance of 1ength!viscera weight regressions for fish sampl~d at the rIver mouth, at the 

spawning areas and following spawning. (+) or (-) indicates slopes and elevations of the regressions on the hori­

zontal a~e significsntiy greater (+) or less (-) than the slopes and elevations on the vertical (p<O.OI). 

Male Female 
r~ 

Flor1~a Conn. Peak Conn. Early Florida Conn. Peak Conn. Ear1y 

slope e1evation slope elevat1Qn slope elevation slope elevation slope elevation slope elevation 

-=-
Conn. peak 0.4 

Early 0.2 

Laie 0.7 

Conn. Peak l.8 

Early 3.8 

Late 8.1(-) 

Conn. Peak 1.9 

Ear1y 3.6 

Late 6.6 

_ :t~, j~l.:;;. ~ '1 ...... .,~ ~... - ~ ~~~._r,~\._~ 

-= 

21.9(-) 

27.2(-) 

7.7(-) 

6.8 

3.6 

0.3 

0.0 

0.4 

0.2 

0.0 0.1 

0.1' 1.6 

0.5 0.1 

0.7 3.8 

0.0 0.2 

0.1 1.5 

;,. 

!. , 

RIVER MOUTH (0 km.) 

f\\' 0.1 

0.1 

0.2 2.6 0.0 

24.9(-) 

32.3(-) 

18.0(-) 

0.2 

0.0 

MAJOR SPAWNING AREAS (370 km. F1orida, 137 km. Conn.) 

0.9 1.2 -----
4.9 0.5 1.5 

0.1 4.5 4.8 5.1 0.3 

SPENT FISH (370 km. Florida, 265 km. Conn.) 

1.7 0.4 

6.0 0.2 2.0 

0.2 '5.3 O.S 0.3 0.7 

~ 

1.0 

1.0 0.1 0.0 

22.8(-) 

0.1 0.6 35.9(+) 

9.7(-) 

1.1 4.1 16.7(+) 
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Figure 6. Proportional changes in female 

freshwater migration. Changes associated 

are relative to initial viscera weight. 

~ymbols and terminology. 
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~Figure 7. Proportional changes in male vtscera weight du ring he 

~, freshwater migration. Changes associated with specific ~ces (km) 

are relative to initial viscera weight. See Fig. 4 7/eXPlanation of 

symbols and terminology. 
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in males and females suggests they ~xploitedO viscera reserves rnaximally 

during upriver movement. Proportional viscera weight losse~ during total 
1 
1 

freshtolater stay in Connecticut and Florida were comparable <iO-60%). 

Hean viscera weights at entry to the York River (48 g, SD = 9 for 

males of mean length 37.0 cm, SD = 0.6; 67 g, SD = 10 for females of mean 

length 42.3 cm, SD = 0.6) are intermediate to viscera weights predicted 1 

1 

\ 
for Connecticut and Floridâ shad of equivalent lengths at the river mouth . \ 

(Table 1). Subsequent viscera w~ight los ses (Figs. 6. 7) incurred during 

"J 
the migration to the York River spawning area were substantia11y less 

than los ses by either Florida or Connecticut shad during travel to their 

respective major spawning sites. Viscera reserves may th us be available 

for the downstream migratlon of York River shad. 

SOMATIC WEIGHT 10SS 

, 
Covariance analysis revealèd no significant differences in the slope . ~ 

or e~evation of the length/somatic weig~ t;e1ationship of males and 

.-/ 

fernales from the Florida and Connecticut populations at the time of entry 

into the rivers (Table 4). Similarly, mean somatie weights of males 

(7~0 g, SD = 71) and fema1es (1202 g, SD = 76) entering the York River 

system approximated the predicted weights of Florida males! (758 g) and 

females (1l65 g) of comparable length.s entering the St. Johns River 

(~able 1). Subsequent somatic weight losses experienced in attaining the 

spa~ning. grounds were similar in Flor~da and Connecticut (15-25%; Figs. 8, 

\ 
9) in spite of the greater distances travel1ed by F1o\ida fish. Iq 

V· .. h h .... h h\· d f lrglnla, w ere t e spawnlng ~gratlon lS s ortest, t e magnltu e 0 

\ 

\ ~ 
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Table 4. F values for analysi. of covariance of length/somatic we1ght regressions for fish anmpled at the river mouth, at 

J the spawning area and following spawning. (+) or (-) indicates slopes and elevations of the regressions on the 

horizontal are signif1cantly greater (+) or less (-) than the alopes and elevations on the vertical (p<O.Ol)., 

Male Female 

Florida Conn. Peak Conn. Ear1y Florida Conn.. Peak Conn. Early 

slape e1evation slope elevation slope elevation oslope elevstion slope elevstion slope elevation 

<J 
RIVER MOUTH (0 km.) 

Conn. Peak 6.4 2.3 3.7, 0.1 

Early 4.8 0.2 0.0 19.9(+) 0.1 3.8 1.6 14.5(+) 

Late 2.5 -2.3 0.0 28.9(+) 0.1 1.3 0.2 1.4 LI 9.6(+) 0.0 0.4 

MAJOR SPAWNING AREAS ~370 km. Florida. 137 km. Conn.2 "1 
Conn. Peak 1.0 17.5(-) 3.3 2.3 

Ear1y 4.9 2.3 0.5 6.2 2.7 0.8 0.2 2.9 

Late 2.8 2.9 0.1 38.4(+) 0.1 32.2(+) 0.4 0.1 Z.8 43.6(+) 2.1 25,6(+) , 
SPENT FISH (370 km. Florida. 265 km. Conn.2 

Conn. Peak 4.0 . 0.5 11. 3 (-) 5.5 

Early 2.9 0.2 4.6 2~.2(+) 7.0 2.4 0.1 4.8 

Late. 1.5 ' 4.0. 2.5 48.2(+) 0.0 19.1(+) 1.0 1.9 5.0 59.1(+) -2.8 20.8(+) 
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Figure 8. Prapartianal changes in male samatie weight during the 

freshwater migration. Changes associated with specifie d~tancesf(~m) 
are relative to initial somatic weight. See Fig. 4 fo-r explanation of 

symbols and terminology. .. 
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~igure 9. Proportional changes in female soma tic weight during the 

freshwater migration. ,Changes associ~fed with specifie distances (km) 

ar~ relative to initial somatic weight. See Fig. 4 for an explanation 
r 

of symbols an~ terminology. 
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somatic weig~t losses associated with attainment of spawning sites was 

less (approximately 8%; Figs. 8, 9). Significant dlfferenees in somatie 

\ 

~eight lasses b~tween the Connectleut and St. Johns Rivers oeeurred during 

the postspmming period. Spent shad sampled at the spmvning grounds in 

Florida experienced proportlonal weight losses as great (males) or greater 
• 0 

than (females) spent fish sampled at the rlver mouth just prior ta the 

l 
return to sea in Connecticut. Florida males and females consumed \0-35% 

\ and 40-50% respectively of their somatic tissues (Figs. 8, 9). Connecticut 
./ 

River shad weight losses during the entire migration ranged from 30 ta 

40%. No comparablè data was available for York River migrants. Signifi-

cant temporal differences in the length/somatic weight relationships of 

. Connecticut River sh<.td occurred at the river mouth (Table 4). Shad 

migrating at the "peak" of the run entered the river with signifieantly 

larger somatic reserves, however the length/somatic weight rel~tionships 

of.shad entering early or late ln the run ~did" nIt diff~r significantly. 

\ 
weight relationships of late run The con~istently lower length/somatic 

shad at\137 km (spawning are~) 

(Table 4) indicates these fish 

and 265 km (spent shad leaving the river) 
\ , 

utilized a significantly ~reater proportion 

of their.~~~y reserve~ during the migration. 

INTERACTIVE CHANGES IN TISSUE WEIGH~S 

A temporal sequence in tissue utilization was indicated by the 

relative changes in the etevation of the l~ngth/viscera weight and length/ 
, 'Q 

somatic~~eight relationships during the migration. In the Connecticut 

River populâtlon signifieant decreases in the elevation o~ the length/ 

1\ 
,\ 

~J 

. \ 

J "' . 
2lI b _1II!'II!I!~IIt'lllll!l\illUIi l1li11' 111111 •• 1IP , 'III ml '.-75.71"011 ... .,CMliaMi !1 'IIi''''':Ii' 

- \ 

\ 



} .. 

\ 

\ 

\ 

\ 29. 

: 

vis2era weight relationships occurred between km 0 and km 50 '(Table J), 
\ 

the absolute decrease being greatest (30-45%) for late migrants (Figs. 6, 

7). Significant reductions in the somatic weight of early and peak run 

shad (Table,4) occurrcd only ~fter the viseera weight 10ss reaehed itS\ 

maximum, suggesting a preferential use of viscera tissues early in the 

migration. In contrast, the viseera and somatie weight 10ss in late;)un 

migrants oceurred simultaneously throughout the early stages of the 
r 

migration. During the downstream migration,following spawning somatt 

'tissU~~ were used exclusively (Figs. 8, '9).\ Somatic weight lasses during 

the downstream migration were of similar magnitude ta lasses incurred 

àUring the upstre~m mig~ation. \ 

Florida shad were simi[ar to late migrant Connecticut shad in that 

they utilized somatie and viscera reserves simultaneously during 

~upriver migration. Significant declines in the elevation of the 

the\ 

lengthl 

somatie weight relationships of Florida shad occurred e10ser to (between 

o artd 140 km) or at the same distance from (148-259 km for females) the 

river moueh as the decreasês in elevations ~f the length/viscera weight \ 

relationships (Figs. 6, 7, 8, 9). ~o11owing spawning, like their 

con\ecticut 

sively. 

counterparts, Florida sha~ utilized somatic tissues exclu-

\ 
\ .\ 

The pauci~y of sampling locations prevented a definitive assessment 

of interactive changes in shad viscera and soma tic weights during upstream 

progress in the York River. However, reduced vistera and samatic weig~t 

lasses by Virginia migrants relative ta lasses experienced by Conneà.ticut 

shad during travel to spawning sites~sû:ig~ted that, unlike 
--------------

---------- ...---.--------------

\ \ 

. \ 
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Connecticut and Florida migran~) Virginia shad may have both viscera and 

somatic e~ergy reserves available for the postspawning downstream migration. 

BODY COHPOSITION CHANGES 

Fat dynamics Trends in gonad fat changes during the migration were 

similar for Connecticut males and females, although absolute levels of fat 

in the gonads varied between sexes. The, ovarian fat content remained 

relati~ly constant (5-6 g for the "standard" female (population me an 

length = 50 cm); Fig. 10) during the upriver movement. A subsequent'sharp 

decline (85%) was associated with spawning. Similarly, testicular fat 

content remained constant (range 1.2 td, 0.8 g for the standard male 

(45 cm» during the upstream migration. Postspawning fat content fell 

[ , 
ta 70% of prespawn~ng levels. 

Trends and absolute changes in go nad fat content during the fresh-

water mig~ation in Florida differed from those in Connecticut. Testicular 

fa,t reserves were greater upon entry to the St. Johns River, the sma1ler 

Florida males (standard length = 40 cm) having reserves (1.1 g) equivalent 

ta ~hat of ~he much larger (45 cm) Connecticut'males. Subsequent changes 

in testicular fat levelrwith distance were slight (~anging from 1.1 g 

at' 0 km to 0.6 g ,lat' 3/1'6 km). 'Fat 10ss(,.8 ass~ciated with spawning' (68%) 
" \ J / 

were simil~ in Connecticut. In contrast to the constant 

ovarian fat in upstream migrant Connecticut ~had, the ovarian 

'. 1< 

fat content of , , 

l '. \ 

e Florida standard female (42\cm) increased by 35% during - ~ 

\ 
upriver movemen (F~g. 10). S,ubsequent r,eductions of ovarian fa~ (90%) 

associated withf~pawning were comparable in bath Florida and Connecticut 

shad. \ 

\ 
, 
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Figure 10. Meat fat content of gonad, viscera and somatic tissues at 

various distan~s a10ng the freshwater migratio~ in th~ St.' Johns and 
, 1 

Connecticut Rivers. Mean shad lengths associated with specifie river 

31. 

locati'ons did nat vary more than 1.0 cm ar\und the "standard" length. ~' 

"S" = spent shad; vertical bar = 1 S.D. 
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, 
Slgnificant sex related differences ln viseera fat content at the 

time of river entry oecurred in bath populations. Connecticut males, 

despite their smaller size~ had three times the viscerâ fat' reserves of 

females (Fig. 10). Differences in Florida shad were less extreme. At 

the river mouth, male viscera fat content was approximately 40% higher 

than that of females. 

Viscera fat levels declined rapidly in both populations during 

\ upriver movement. However, during the postspawning period i~ the river, 

little change occurred. 

Obvious differences in the somatic fat content of Florida males and 

females existed at entry ta the river. Despite their generally smaller 

body size, males began' the migration with absolute fat reserves comparable 
\ 

ta those of 

Connecticut 

females (Fig.~ In contrast, the soma tic fat reserves of 

females at initiation of the river migration \..ras greater than 

that of males, as \..rould be expected from the larger relative body size 

of the females. 

A rapid deeline in somatic fat eo~tent of aIl shad occurred during' 

upriver movement ~Fig. 10). During this,p~riod of the Connecticut River 

migration, late run males and females suffer~d the most extreme reduction 

(60%) in somatie fat levels. Lasses of a simil~r ~gnitude were exper­

ienced by St. Johns River males apd females before the spawning grounds 

were attained. Postspawning lasses by aIl shad were small in comparison 
1 

to prespawning losses. Connecticut "early", "peak" and "la te" migrant 

males utilized from 10 ta 20% of their somatie fat reserves during the 

seaward migration. Flo\ida males u1iliFed considerably more fat (37%) 

1 -

\ 
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during the same period. The postspmming fat expenditures of early and 

late run Connecticut females and Florida females ranged from 10 to 35%. 

~ . 
Peak migrant females in the Connecticut River experlenced reduction in 

somatic fat t~,llmving spawning. 

The somatic tissue was the most important source of fat during the 

Florida and Connecticut migrations, supplying up ta 150 g for metabolic 

purposes. In comparisdn, a maximum of 12 g of fat was utilized from 

visceral sources. 

Protein dynamics The protein content of the gonads of male and 

female Connecticut River shad was relativ~ly stable-during the upriver 
. \ \ \ 

mig~ati~n (Fig. Il). An abrupt decltne of 71% for males and 87% for 

females occurred during spawning. In contrast, the ovary and testes\l 

protein content of Florida shad increased approximately 30% during upriver , 

môvement. Decreases in gonad protein content associated with spawning 

(50-73%) were of lesser magnitude relative ta detreases in gonad protein 
\' 

content of Connecticut shad. 

The viscera protein content of shad declined rapidly during the 

upstream migration with little or no decrease after spawning. In 

Connecticut, the trends in initial protein depletion were simifar; the 

viscera protein of both males and females being reduced approximately 45% 

(Fig. 11). No 1ecline occurred after spawning. The reduction in viscera 

protein of>Florida shad was more gradual during uprive~ movement. 

Although\ the proportional losses of Florida migrants were greater (50% 

for, males; 75%",for females) than those of Connecticut shad, the absolute 

reduction in protein.content of 3 g over 370 km of river travel was far -\ 
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Figure Il. Mean protein content of gonad, viscera and somati1, t'issues 
~, 

at various distances along the freshwater migration in /the St. Johns 
" 

and Connectiicut Rivers. "s" = spent shad; vertical bar = 1 S.D. 
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less than\loSses by Connecticut shad (6 and 10 g for 

respectively) over a comparatlvely sÀortef mlgration 

~ 

/ 35. 

males and females 

distance. After 

spawning, the viscera protein of Florida males and females decreased an 

addltional 17 and 25% respectively. 

Soma tic proteQn d~clined bath prior ta, and after spawning in bath 

rivers, with the declines being approximately equal ~n the two intervals 

(Fig. Il). The decrease in protein content of early migrant females 

(14%) was comparable ta lasses suffered by "peak" migrant fema1es (17%). 

L'flt~ migrints entered the ~~ver with reduced tissue protein 1e~els and 

subsequent losses (30%) were greatest among Connecticut River migrants. 

The same temporal trends in protein foss existed for males, and the 

absolute reductions in protein were simi1ar despite their sma11er size. 

The average protein content of "ear~y" and "peak" migrant males decreased 

18% between 0 and 137 km and fi~ally 6% between 137 km and 265 km. Late 

male migrants, like late females, entered the river with reduced prote in 

reserves. Subsequent lasses (23% and 14% between a and 137 km and between 

- < ' .. 137 km and 265 km respectively) were more extensive than those of earlier 

migrants. Florida males utilized less somatic pro~ein bath prior to 

(34%) and after spawning (15%) than did Florida fema1es (respectively 

38% and 19% for the same intervals). 

Moisture dynamics O~~ry m~isture content increased steadily prior 

to spawning in aU rivers (Fig. 12). In the Connecticut this increase 

was.;associ..ated with ripening fascicules of ova (personal observation) oh 

the Wilson spawning grounds (83 km). In comparison, female shad samp1ed 

at Holyoke (137 km) exhibited reduced ovary moisture (arcsine transformed 
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Figure 12. Mean percent moistur~ in gonad, viscera and soma tic tissues 

• at various·distances along the freshwater migration in the St. Johns, 
) 

Connecticut and York Rivers. -"Sil = spent shad; vertical bar = ï S .D. 

"0 



/ 

ln en 
----.--- -

8 
M 

Ê 
"'" 

0 UJ 
0 U N 

Z 
< 
1-
~ 
0 w 

:l 
VI CIl 
~ CIl .. 

1- ~ .. .. 
§ 

"'C ë 
S! co 

~ ê' 

~ 

c 0 1- 0 
ü: :> < u 

~ 

1 
i 1 0 • 1 s en 1 • 

LU .. :l .. Ul iO Ul 
i= E 

~ .. 
() .. i: "'C 

~ C 
(; ~ co 

0 
~ U i4: ::> 
0 

1 

• 1 Ul • • • 1 • 1 

/ 
1 

0 
0 ~ 0 

" CI) 
o 0 

CI) 

'" 
, . 

, 

\ 
3MnlSIOVII °'0 3l:1nlSlOVII 0;, 

r- 'de." ... t'"Q ",PT '" 7 r:., mx •••• • 



J 

c 

, 
, 37. 

" \ 
\ 

,proportions, 
~l 

t(49) = 4.8, p < 0.001). Upstream movemen9 was active at 

this st?ge and no obvious rip~ning of the ova was occurring in this area. 

The-increase in ovary moisture during the 80 km,migration in the York 

River system'~as similarly significant (arcsine transformed proportions, 
» \ \ t . 

t (38~_", = 5.5, p < 0.001) . NOr change in, ovary mois ture w~s observed during 

,the early stagès (0-148 km) of upstream 'migration in Florida despite 

increases in gonad weight. However, between 148 ~d 359 km ovary moisture 

inc~eas~ dramatically suggesting a rapid maturation of ova (arcsi~e 

transforroed p,roportions, T.c;S) = 7 ;,lf., p < 0.001). " 

In Florida trends in testes moisture changes were similar to those 

.... observed for q~aries. J,Testes moisture content.· increased approxi-Ulately 

5% (from 75 t~ 80i.~ between km 0 and 259, cOin~ident with an increase in 

testes weight. A minor increase in testes moisture (1.3%) accomp~nying 
,; 

an increase in gonad weight.was a1so appar~nt during the migration.in 
, • 1) ". 

Virgin~a. Th~ percent testes moisture of Connecticut shad 'remai~ed 
\ 

constant (approximateJy'787.) throughout the migration. 
, c 

Reciprocal moisture and fat changes were apparent in visceta and 

somatie tissues in both the St. Johns and Connectihut Rlvers (Figs. 10,-
1 

12). Increases in male viseera moisture of 8 and 14%\for Connecticut 

• r 
and Florida males respectively accompanied corresponding fat depletions 

of 75 to ~3%. In Floride, ~emale viscera moisture increased 15% as fat 

coptent declioed by 90%. Connecticut females, which"entered .the river 
~ 

with reduced fat reserves relative ta those of Connec~icut mal~, had a ..,..... 
mueh higher moisture conterlt (75%) and, as al result, increases werè, 

moderate (3%) and coincided with reduced viscera fa\\ 10ss:. The moisture 
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content of the somatie tissue of Connecticut peak and ear1y migrants 

1 

increased approximate1y 770 (from 63 to 70%) as fat content decl~ned by 

50%. Th~ moisture increase was greatest (approx~mately 8%) for late 

': 
migrants (from 64. ta 72%) ,:'Ind approx~mately r more fat was utilized by 

these fish.', The greatest moisture increase (17%) oceurred in Fforida 

fe~ales and aeeompanied a decline in somatie fat content of 95%. Arnong 

males, the Connecticut "peak", "early" and "laie" migrants experieneed 

similar somatie ~oisture increases (87.) associated with ~n average fat 

reduction of 65%. The highest moisture increase (15%) and greatest fat-, 

decrease (90~) occurred in the somatie tissue of Florida-males. 

Ash dyrtamics Somatic and viscera ash eoncent remained relative1y 
-

constant during the freshwater-migration (Fig. 13). Gonad ash eo~~ent 

decrea:ed in concert with spawning activity as expected. \ 

\ 
ENERGY UTILIZATION 

2 
Chi square analysis (X =\21.1, Il d.f., p = 0.025) indicated hea~, 

of oxidation and calorie equivalents of fat and protein provided com­

parable measures of tissue energy, content. Therefore, bomb calorimetry \ 

estimates of tissue energy content (Virginia shad) were eompared directl~ 

with estimates based on proximate composition (F1orida and Connecticut 

shad) • 
\ \ 

Gonad energy change Despite increases in the gonad weight of both 
1 

sexes during the' u river migration of F'lorida shad only the energy content 

of the ovaries in significantly (Fig. 14). Moreover, trends in '" 
, 

proportional ova energy 1n~reases suggested among females the large .. 

\ \ 

\ 
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Figure ;1.3. 1 Hean ash content of gonad, viscera and soma tic tissues- at 

" " 1 
various dis,tances along the freshwater migration in the Connecticut 

1 

Rive~. "S"\::: spent shad; verticalobar = l,S.D. 
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Figure 14. 
\ \ 

Proportiopa1 changes in gonad energy content during the 
r.:~ 

freshwater migration. Changes associated with specifie distances (km) 

are relative to initial gonad energy content. See Fig. 4 for explanation' 

of symbols and terminology ~\ 
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\ 
individuals were shunting more energy i~to t~e gonads. The increase in 

ovary energy content during the early stages of migration (km 0 to km 

148) was 70% for 48 cm females compared ta 20% for 38 cm females. Because 

this finding was consistent with disparate ovary maturity at river entry \ 

and dispro~ortionate increases in ovary weight with upriver movement, 1 

th~ trends in ovary en~rgy increas"es were accepted as rell despite the 
~ \, \\ 

ûse of nan-'significant regression li~es in their calculation '(Fig. 14). 

SubseqH,~nt spawning by th~ large individuals was apparently delayed, as 1 

indicated by the significant increase in the slope of the ovary energy 

con,tent/length relationshi,p at 370 km. This increase reflected the 

earlier losses 

The gonad 

" 
of ~onad \nergy resul~ing from spawning in small females. 

energy content of Connecticut shad which ~e more mature 

at time of entry into freshwatêr, did not increase during th, migration 

testes and ovary energy content (Fig. 14). A significant decrease in 

between km 0 and km 137 suggested upriver migrants captured at Ho1y,oke 

may have engaged in 1imited spawning activity before reaching this point. 
1 ~ 

No body size dependent tr~nds in spawning were apparent for Connecticut 

migrants. 

\ 
\\ 

The ovaries of Virginia shad which, 1ike those of Connecticut females, 

were at an advanced stage of maturity at river entry did not significant1y 

increase in energy c~ntent during I the migration (Fig. 14). However, the 

testes of -Virgini'a shad, intermediate in maturity to the gonads of 

Connecticut and, F10rida migrants, did experience a significant increase 

in energy cont~t. 
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42. 

A comparlson of ~egression elevations at 0 km indicated Connecticut 

• 
shad entered the river with greater gonad energy !es~rves than F10rida 

migrants (Table 5). Despite increases in the gonad energy-~6f Florida 

shad, this dispar"ity persisted at the spawning areas. Mean teste~ energy 

content at entry ta the York River (61 kcal, sn = 15) approximated the 

calculated value for Connecticut River males of equivalent length (54 

kcal). 

greater 

However, initia~ ovary energy content (307 kcal, sn = 78)' was l16i. 

than that of Connecticut femajes'of comparable 1ength. In the 

York River, only testes energy increased significant1y with upriver 

movement (Fig. 14). 
• 1 

Visce~a energy change oThe viscera energy reserves of Florida shad 

were equivalent to or greater than reserves of the Connecticut migrants 

at the time of entry:' fnto freshwater (Table 
/ l'"''~~ 

~) • The viscera reserves of ',dl 

kca~, sn = 19; feda1es: 109 
-

Virginia shad at the river mouth (males: 125 

kcal, sn = 18) a~prOximated those calcu1ated for Connecticut shad of 

equivalent length (males: 123 kcal; females: 105 kcal). Sub1equent 

proportional viscer~ energy' 1os~es associated with tupriver migration", were 

least in the York River (25-30%; Fig. 15). The extent of viscera reserve 

dep1etion in the Connecticut and St. Johns Rivers was simi1ar (60-80%; 

no statistical difference in regression elevation at upriver stations and 

upon completion of the freshwater migration (Table 5». The proportion-

a11y greater viscera energy lasses expe~ienced by Florida females (Fig. 

15) upon completion of the migration was a consequence of the greater 

i~itial reserves. 
1 \ '\ 

r 
1 

_~_.J 

~ 

1 ••••• ".".'71' rr""f'M_TPt!t$ 911._ •• rtw.U. 

.' 
,; 

i 

~i 

~ , .. 



-

'$ 

'\ 

--, ~ --- . 
-~---) 

Table 5. F values for analysis of covariance,of length/gonad ener~y and length/viscera energy regressions 
.. 

î ~ t for Connecticut (peak) and Florida shad sampled at the rivet"mouth, at the s~awning area ~nd 
following spawning. (+) or (-) indicates slopes and elevations of regress10ns for Connecticut 

[ ---
- -----migrants are greater (+) or less (-) than the equivalent regressions of Florida shad (p<O.OI). 
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Location 

River mouth 
~km.) 
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(137 km. Conn.) 
(370 km. Florida) 
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(265 _km. Conn.) 
(370 km. Florida) 
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Figure 15. Proportional changes in viscera energy content during the 

freshwater migrati?n~ Changes associate? with specifie diitances (km) 

44. 

are relative to initial viscera energy content. See Fig. 4 for explanation 

of symbols and terminology. 
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Greater total viscera energy stores w~re as~ociated with the retarded 

~ 1 

gonad development of large Florida females. These large individuals had 

r,eserves up, to 198% greater than the reserves of the smalles t females. 

Subsequent viscera energy losses by the large females l'lere greater early 

in the migration (157 kcal were utilized by 48 cm females compared to an 

expenditure of 2'5 kcal by 38 cm females be~.,eenllan 0 and 148) as more 

energy was required for 

did not transfer energy 

gonad maturation. "Peak" run Connecticut females 

ta the gonads dU~i~g upriver movement. In the 

Connecticut River smaller fish utilized up ta 12% more energy from viscera 

sources. 

Soma tic energy changes Florida and Connecticut males begfn the 

migration with comparable s?matic energY,reserves (Table 6). The mean 

somatic energy content of Virginia males 'at entry ta the river (1933 kcal. 

SDe= 181) agr~ed ~ith the calculated somatic reserves of Florida males of 

equivalent le~gth (1994 kca1). Depletion of reserves during total 

freshwater residence "laS greatest for Florid\ males (65-80% vs. a maximum 

of 60% for connec'icut males; Fig. 16). Virginia males experienced the 

least depletion during upstream movement (10% vs. a minimum of 25% for 

Connecticut and Florida migrants). In the Connecticut River, '''la te" 

migrants expended more energy in reaching aIl uprive~ locations than did 

"early" and "peak'" migrants. 

Florida females entered freshwater wi,~h"sj.gnificantly greater soIIlatic 
'", 

energy reserves than "early" and "late" run Connecticut migrant fem:lles 

\ of equlvalent sizes and with reserves equivalent to those of Connecticut 
~ \ . 

"peak" migrants (Table 6r. The ~an sornatic energy content of Virginia 
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Table 6. F values for ana1ysis of covariance of 1e~gth~tic energy regressions for Connecticut and F10rida shad samp1ed 

~ 
at the river mouth, at the'spawning areas and fo110wing spawning. (+) or (-) indicates slopes and e1evations of 

t 
regressions on the horizontal are significant1y grea~er (+) or 1ess (-) than the slopes and'~ations on the 

vertical (p<O.Ol). 

Fema1e 
--' 

norida Conn. ConlO. Ear1y 
-1 

F10rida Conn. Peak Conn. Ear1y 
-

s10pe e1evation 810pe e slope e1evation slope e1evation slope elevation slope elevat10n 

RIVER MOUTH {O km. 2 
Conn. Peak 2.3 2.0 0.1 3.6 

Early 0.2 4.5 0.8 4.1 22.5(+) 3.1 6.8 

Late 0.0 3.6 2.3 0.2 1.7 8.5(+) 1.6 ,6.8 0.2 c 2.1 

370 km. F1orida, 137 km. Conn. 

Conn. Peak 0.9 9.4(-) 3.2 0.1 
'v 

Early 0.3 5.3 0.4 2.6 0.0 2.0 4.6 8.6(+) -

Late 5.0 0.6 3.4 2.4 5.0 0.0 , 0.6 2.1 2.6 37.5{+) 2.5 0.0 

SPENT FISR ~370 km. F1orida , 265 km. Conn.2 

Conn. Peak 0.0 2.1 7.0 4.3 

Ear1y 0.5 7.8(-) 2.4 • 2.8 0.3 8.7(-) 6.2 7.1 

Late 0.4 0.0 0.9 0.0 5.9 3.7 d.o 9.6(-) 10.9(+) 54.8(+) 0.5 0.7 
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oFigure 16. Proportional changes in male ~omatic energy content during 

the freshwa,ter migration. Changes associated with specific distances 

(km) are relative to initial soma~ic energy content., See Fig. 4 for 

explanation of syrnbols and terminology. 
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females (2879 kcal) was {ntermediate to calculated reserves of FlOr.ida. 

females (3024 kcal) and Connecticut females '(mean = 2628 kcal) ~f equiva-

1 1 h S b 1 'd -\ 'h ' , . ent engt s. u s~quent energy osses assoclate Wlt uprlver mlgratlon 
Ir 

werè greatest among Florida' females (up to 50%). Losses by Connecticut 
i 

and Virginia shad approximated 30 and 13% respeetively (Fig. 17). 

Maximal within river,dePletions duri~g ,total rlver _residéfFe 

(late Connecticut River migrants) and 7~% (Florida). 
\..--- , 

were 63% 

Within the Connectiçut River, peak run females entered with signi~ 
'l<.. ' ! r, 
• ficçmtly greater somatic energy reserves than "early" and "la te" con-

\ 

1 

speoifi~s whose energy reserves were apptoximately equal (Table 6). 
\ 

These differences were maintained at the spawning area~. How~ve~ after 

spawning, la te migrants were significantly more dep~t~than earlier 
,,~ ~ e'"'" 

, 1 
1 \ /, 

migran~s. Proportionate losses indieated late run females utilized 

approximately 10% mo~e energy (Fig. : 7)~ than early or peak run shad. 
. ... '- .., 

Comparisons of somatic energy content bebveen the river mouth and 

~ 
upriver stations in\Connee~icut revealed a significant depletion Qoth . .. " 

preceding and following spawning for aIl shad (Figs. 16,17). Since 
1 

\ :"::viSc/i:ra eneJQD' was csignificantly reduced on1y durirtg the prespawning "1 '. .. 

Î 

" .. 

period, the 15-307: de~reas~ in somatie reserves fo~lowing spawhing ~ 

represented the total cost of seaward migrat~n. 
Changes i~ the slopes of the body leh~/somatic energy re~ationships 

, , ' 
during the freshwater migration indicated ftisproportionate energy expen-

'-

diture accord~ng to body size. 
\, 

The' slopes for "pea;,k" an~ "early" 

Connecticut male migrants and for aIl Florida shad decreased with dis-
pot \ "~ 0 

\ <l 
~ , 

inçicating,a greater ~nelgy e~penditure by 1arger '1 Y ) . tance \Figs. 16, 17 
/ 

o • \ 
/ 

o 
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in femalè 50:;:;' Fagure 17. Proportional changes energy content du ring 

the frespwater migration. Chang~B assoc1ated 'th specifie QiS~nees 
\ 1 .. , 

energy 
, Fig! 4 (km) are r~lative ta init~al somatie content. oSee for an 

\ 

explanation of symbals and te~minology. 
ç r ',' 

\ 
l ' , 

;-./ ..... 

.. ~ ~ ...." .~ (f'c, , 
, \ \ \\ ,.. 

/ \' 
i 

1 

\ 
, ''\ '\ \\ \ \ 

~ \ 
1 " -. 

~ 
, 

~ , 

~ ,/ \ 
,-t \. 0 

''"' r . 

l , 

" 



·' r 

1 
" 

\\ 

,f 

\ 

\ 

)' -

" 

. .-
\ 

- ... 

a 
a 

a 

a 
0 

~ 

a 
0 

a 
N , 

~ 
'" a:, 

:r: 
u 

>-g 
1..:) 

0:: 0 

w'i z 
w 
..-0 
z~ 
wo 
u'" 
0::' 
w 
0-

0 
0 

a 
'" , 

0 
0 

0 
r--, 

a 
a 

~ 
DIST ~p~ 

148 3 
259 11-
370 6 
370sperH 17-

370 "pe -370spent 1 

\\ 
o km 

F-LORIDA 

ro -
148 -
?03-
320-
26+ 

259 

370 ... 

\ 

SPENT 

a ====:=====~C~==~====~~ft==~370* ~3+8-0-0---ijf'-0-0-0 ~Î ~4.00 ~6.00 118.00 
... ,FOR1\'" L GTH CM 

o 
o 
o 

CONN EARLY 83 

a 

~:~----------------~~~~----~---------- a 

0 

a 
w' 
1..:) 

z 
0:0 
I O 
Ua 

N 
>-' 

, 1..:) 

CI: 
Wo 
zo 
wa 

'" ..- , 
z 
W 
uo 
0::0 

~~ 
a 
0 

0 

'" , 

o 
o 
o 

50 
83 

137 
265 

137-265 

,/ 

---------- 50 
1 
0 
1 
2 137 
0 

SPENT 

.-- 265 

'?4-+S--0-0---ijr7• 00 -----;j9-:00 \ 5'1 00 --53. 00 S5 00 
FORK LENGTH CM 

\ 

0, 
o 
o 

a 
0 

a 
w' 
t.:l 
Z 
a:o 
:r:~ 
Uo 

N 

>-' 
t.:l 
CI: 
Wo 
zo 
Wo 

'" ..- , 
z 
\LI 
ua 

'0::0 
W' 

-' 

.. 

CONN PEAK 

DIST ~p~ 
20 
50 5 
83 0 

137 0 
191 

2 

\ 

.50 km 

20 
0 

Felevat'on 

0 
25 ... 

e,4: \\ 
83 

137 

187 .. 
18 ... 
SPfNT 

O-~ , 

0 
0 

~;;;\ 

;1-
'liS. 00 Il'7.00 119.00 s'Loo 53.00 s's. 00 

FORK LENGTH CM 

0 
a o 
0 

CONN LATE 
0 
0 

è 
ï 

0 
Wo 
1..:)0 

:z'" a:, 

.50 

:r: 
U 

>-g 
l:J • 

83 
50 0 15'" 

0:: 0 
W'" , :z' 
W 

..-0 

z~ 

83 1 21- ..--... 
137 0 160-
265 5 ,249 -

137-265 7 29-
UJO 
u'" 
0::' 

137 

W 
0-' 

0 
0 

è \ Ln , 

0 
0 

a 
ID SPENT , 

-------265 * 
d 
0 

è 
r--
'ijS.OO 47 00 49.00 51.00 S3 00 -----s'si 00 

FOôK LENGTH CM \ 

.' 



.' J 

1 

\ 

\ ' . 
50. 

individuals. Consequently, proportional energy lasses tended ta be 
, 

greater for t~ese fish. Where the ~l9,pe did not vary significantly with 

distance, disproportionate expenditures with body size d'id not exist. 

Comparative energy expenditures 

for the average shad (de~ned 

dit~res; viscera expenditur~s of 

were assumed ta equal those 

rative èosts of migration 

and somatic exp en-

"late" Connecticut migrants 

per 

kilogram of wet body weight p~r kilometer of upriver displacement 
\ , 

varied bath between rivers and tempora1ly in Connecticut (Fig. 18). 

Florida shad, migrating at the highe~t water 

\ \ 
lea~t energy per kilometer; the cast varying 

temperatures, expended the 

from 4.1 to 4.4 kcal/km. 

The comparative costs for Virginia shad were similar for males (4.1 
/ . 

kcal/km) and sl~ghtly higher for fema1es (5.2 kcal/km) '. The energy 

expenditures of Connecticut shad, ranging from 4.6 ta 9.1 kcal/km, tended 
.-' 

ta be the highest among aIl shad. Within the Connecticut River, the 
1 
1 

energy "cast of migration increased as the spawning migration--progress~d. 

'-
Late migrants, which experienced the highè'~~w~~r t~mperatures, utilized 

-- ..... - ..... ..,,-. 
between 8.6 and 9.1 kçal/km. Between sex differences werê ?lso appàrent. ,. \ -

Connecticut .males exp~'nded more energy per 1 km than fema~s. This pattern 
1 

was reversed in Florida and Virginia. 

The proporti'on of tot:l visc\ra and, somatie energy utilized té) 

complete the migration was greatest in FloriBa (70-75%; Fig. 18). Lasses 

experienced by Virginia ~grants (26-32%), estimated by_doubling the 

pro~ortionâl 19sse~associated wit~ upstream migration, were considerably 

less than those of both Florida and Connecticut shad. The assumption 

\. 
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\ 

\ 



" - r 

\ 
( 

- Ir 

l o 51." 

\ 
\ 

\ 
\ 

\ 
\ , 

\ 

\ 

Figure l~._ Calorie expenditure per kg wet body weight (somatic tissue 
~ ~ 

,and v~scera only) per km of upriver disPlac~ment_(no. above his~o1?am) 

and percentage of total en gy (viscera and soma tic combined) utilized 
, ~ 

to complete the migration. Values given ~~, for the average shad (ày , 

sex) ~n each population Connecticut males and females of 4s"and 50 cm 

_~;_ respectively; Florida m les and females of 40 an~ 42 cm\reSpectively ; 

Virginia males an~ \f~ma es of 37 and 42 cm respectively). Average 

\ ' water temperatures enc untered by migrants are shown. 
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that downstream costs equalled those associated'with the upriver migration 
,l, 

in Virginia prevented an underestimate of total energy expenditures 

required ta complete the migration (maximal 'energy expenditure after 

spawning did not exceed 60% of up~tream losses in Florida and Connecticut). 

Total prqportional energy expenditures varied between s~xes. The magni-

tude of this variance reflected differences in sex specific cQsts per km 

of upstream displacement. 

\ 
'. 

Discusslon 

\ 
Adult shad do npt feed in freshwater (Atkinson, 1951). There is, 

-
therefore, a'rapid de cline in energy reserves, accumu1ated at sea, during 

the \'freshwater phase of the spawning mig1ation. This rapid and extensive 

use of energy reserves is reflected in th'e extreme weight los/' suffered 
\ 

by shad durin~ the migration (Chittenden, 1969; Leggett, 1972; this 
Cl 

study). The use of tissu~ weight change as a morphophysiological index " 
\ . 

,for the evaluation of the ene~gy dynamics of fish populations has been 
1 

criticized in the past (Shulman, 1974; G~rking, 1952). However we found 

that, for shad, changes in tissue mass closely p~ralle1 changes in tissue 

energy content and for this reason ti~s~e weight change i5 con\jdered to 

be a reliable index of the extent of energy utilization' •. 

The important variables influencing the rate and extent of energy ~r 
uti1ization by shad are body siz~, se~, water temperature and current velocity 

at the time of migration, stage of gonad development prior to entry into 
" 

freshwater and distance to spawning ~eas. 

but~n\' fac.tors resulted in high variability 

\\ 

\\ ... 
\ 

\ 

The l~ge number of \ontri­

in measures of ,tissue ~eight 

\ 

\ 

\ 

\ 

o 

1. 



1 

\ 

53. 

change and energy depletion both within and between the Con~ecticut, York, 

and St. Johns River populations. There were, however, important differ-
) 

ences in the ~niterns of tissue weight dynamics and energy use in the 

three ~opulations which appea\ to be important in de~ermining,indlVidual 
survival and, ultimately; the life history characteristics of the 

~:' - , \ ., 
populations. 

GONAD DŒVELOPMENT 
'. 

.' , There was a clear latitudinal trend in the 'state of,developme~t of 

the gonads at the time of entry into the riv~rs. Gonads of the St. JOh,s 
.f 

River shad were the least devel~ped, those of the Connecticut River the 

most fully developed, while gonads of the Virginia population were 

intermediate in condition.' In the St. J~~ver population gonad weight 

lnd energy content ilcreased 40 to 70% in'~:S\and 20 to 30% in males 

during upriver migration to the spawning g~ounds. This energy was drawn 

from somatic and viscera reserves. The transfer of energy to the gonads 

of York River shad during the'migration was smaller, averaging approki-

mately 5% for both males and females. In ,the Connecticut River, those 

shid which ~ntered ~shwater at the peak of the migration exhibited 

virtually no change in gona~ weight or 'gonad energy content during the 

~igration/tQ the spawning grounds. In this group gonad development was 

ffcompleted,at sea. There was, however, a temporal variation in the stqte \ 
~ 

o~ ,maturity of the gonads of Connecticut River shad. In contrast ta 

t~ose shad migrating at the pe~k of the\ run, the gonads of early and , 

late m~rant shad were less ma~ure at time of entry and small,~ut signi­

ficant increases in gona~\ weight occurred during \the frfishwater migration. 

\ 

• 
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\ 
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\ .. 
The positive relatianship between gonad develap~ent at the time of 

,\ \ 

river entry and latitude of the home river leads us to hypothesize that 

gonad development commences at approximately the sarne time in aIl Atlantic 

coast stocks. Shad from aIl Atlantic coast ,populations migrate ~aget,er, 

north and south, along- the Atlantic coast between Florida and Ne\v Brunswick 

in response to seasonal changes in the location of preferred water 

ternperatures (Leggett and Whitney, 19J2). Consequently, shad froq aIl 
\ \ 

Atlantic coast populations experience virtually 'identical e~viro~mental 

conditions while at sea and are '~ear the southern extreme of their 

geo-graphic range in December (Leggett and\Whitney, 1972; Leggett and 

Carscadden,. 1977). Ass~ming synchronous initiation of gonad deve16pment, 

possibly in response t~~creasing day length (Baggerman, 1957), Florida 

shad would arrive at their home river With, their'gonads in an elrlY stage 

of develaprnent relative ta ganad development in shad of more .ncirthern 
( 

populations which enter their "home rivers to spmm later iil the spring. 

The orderly south-north sequence of river en~ry (lvalllUrg and Nichals) 
1 

1967; Leggett and Whitney, 1972) would produce the,latitudinal trend 

observed. 

The temporal variation in ganad maturity in the Connecticut River 
, \ 

pop1)lati~n is believed :to re~uit, in part, far the s,ame, reason. Assume 

the initiation of gonad maturation is synchranous in aIl stocks. Ear 
( 

migrant Connect~cut River shad would' have 2-4 weeks l/ess ,time ta de elap 

their gonads than shad migrating at the pèak of the run. This t'me 

d.iffer'ence is simiIar, ta the difference' in the timi?g of the eaks of 

migratory activity ~etween, the Yo~'k and connectiCU\ R~vers Leggett and ) 

cticut River Whitney, 1972). The gonad development of early run Con 

\ 

\ 

/ 

( 
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\\ 
\ 

York River shad ip aisri similar. The retarded gonad deveIop-

ment of late migrant Connecticut River shaq does not fit this hypothesis. 

It is important tb note however, that l~te run shad in this po~ulation 
" 

a1so enter the river with s~matic fat and protein reserves that are 
" 

significant1y 10wer than the early ànd peak run migrants. The late run 

'component:may thus repre~ent a portion of the stock having inferior \ 

'" overa11 growth during the marine life phase. De1ayed r1ver entry may 

faci1itate the development of additiona1 energy reserves in this grJup in 

preparation\for migration and spawning. 

A ~onsiderable portion of the e~ergy uti1ized for the develàpment 
, U 

of the gonads whi1e at sea is drawn Prom' somatic and viscera reserves. 
------

This conclusion is based on our finding that the somatic and viscera 

reserves of female Virginia and Connecticut River shad were proportionally 

10wer at the time o~ riv\r entry th~n th?se of female Florida shad, in 

spite of their longer ocean residence. Thus the transfer ~f energy to 
, 

the gonads is appa;ent1y faster than th~ tate of acquisition of energy 

from t1e environment. Similar patterns of energy transfer have been 

reported for herring (C1upea haren$us; B1axter and Holliday, 1963; Channon 

and- Saby, 1932) and Sardinia (Clupeid~~; Hickling, 1945). 

In shad, the total energy content of the testes is mu ch less than 

that of the rovaries (l,28 kcal versus 385 kcal for the/standard length 
al 

~a1e (45 cm) and female (50 cm) gonad respectively) and the relative 
~ - , 

energetic cost of gonad development appears to be reflected in the 

stores of the two sexes. \Males, which ~e~uire 1ess energy for the 

maturation of the gonads, ,have higher somatic and viscera energy reset"ve 

J 

\ 
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than females at the time of entry into fresh\~ater. The testes of male 

York and Connecticut River shad are virtually mature at the time of river 

entry,'while those of St. Johns Rive~ males require a relatively sm1ll 

transfer of energy (10 kcal for the average (40 em) shad in the population) 

during the migration. This exp,lains the absence of a latitudinal trend 

in somatie and viscera e~ergy reserv~ in males \sampled 'at the mouths of 

their respective rivers. 

T~ansfe~ of energy ta the gonads prior ta, and during the freshwater 

migration signiricantly influe~ced the total energy available ta meet the 

requirements of the freshwater migration. \ 

MIGRATION ~NERGETICS 
9 

TIle energetic cast of migration ta the spawning grounds differed 

bath within and between populations and Has ,dependent on body size, water 

temperature~and current velocity at the time of migration, and distance 
" , , 

to spawni~g areas. In the Connecticut River, male shad migrating at 'the 

beginning and at the peak of the migration expended more energy (7'kcal/ 

kg/km of upstream displacement) àhan did females 

displacement). This appears ta rèsul ~ primar~ly 

(5 ,kca\/kg/km of upstr~am 

from the difference-in 

average size of males and females sinee conditions experienced during \ , 
the mig~ation and the average rat~s of upriver migratton ~ere similar for 

the two groups. Size related differences in metabol{c rates are" commOn 
... 

in fish and appear to result from both physiological and hydrodynamie 

factors (Winbe:wg, 1956; Fry, 19~1; Brett and Glass, 1973; Hebb, 1975). 

The hlgher energy cast in smaller shad is àonsistent with the results of 

\ 

\~ 
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these Iaboratory studies. Late migrant male and feraie Connecticut River 

shad exp~rienee approximately equ1valent energy expenditures (9 keal/kg/km 

of ups trcam displaeement) during the \ migration. Th~ inereased rate of 

energy expenditure 1n females, relative to the smalle~, less efficient 

males, refleets the transfer of energy ta the ovaries in late migrating 

females and does not imply a recluetion in loeomotory effieieney in females 

as the season progresses. 

In the St. Johns River population, somatie and viseera energy lasses 

were higher in females than in males (4.4 and 4.1 keal/kg/km of upstream. 

d~splacement respeetively) and are higher for large females than \or 

small females. Similarly, Virginia females exhibited greater energy 

lasses (5.2 keal/kg/km) than did males (4.1 kcal/kg/km) ~ut no comparable 

data is available on differenees in energy expenditure with variation in 

female body size. The~e disparit~es in the typical bo~y size, migration 

efficiency relationshi~ appear ~o result from differenees in the rate of 

transfer of ener..gy ta the"gonads within and between populations. Females - , 

of the St. Johns and York River populatlons enter the river at earlier 

stag~s of gonad develo8ment and large females are considerably less 
1 

mature thun smaller fish in the St. Jo,ns population. ,J'he_ resulting 

transfer of energy reserves from'somatie ta gonad tissue during the 

freshwdter migration produees a greater rate of energy 10ss in fe~ales 

than males ànd, in Florida, a high~r loss among large females relative 

1 
ta smnller individvals of the same sex. ~he somatie energy loss for 

• 1 

gonad clevelopmcnt thus overrides the metabolic advantage of size in these 

populations. ldler and Clemens (~959) reported similar trends in energy 

. \ 
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utillzation- by sockeye salmon. 
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Female sockeye expended 207. more energy 
1 

\ 
,per kiIometer than males. They attributed this disparity to' the 'greater 

demands of gonad maturation in females. 

The higher energy utilization of large male~ compared with small 
;> ;'.p 

fish of the same sex, in"both the Florida and Connecticut populations, 

is inconsistent with the gcneral pattern of increasing locomotory effi­

ciency wif~ increasing size~ Since mal~' do not transfer'~ignificant 

quantities of energy to the tèstes during mitration, large individuals 

1\ 
should have a metabolic advantage but do not. The burden of spawning for 

large males may 

energy content. 

be greater than that indic\~ed solely bY~ChangeS in gonad 

Hickling (1930) reported the cost of ~pmYIling in male 

'Merluccius meEluccius doubles for every 10 cm increase in body lengt~. 

T~e reasons for this "disparity are, hm.,rever, unknown. 
o . \ ... 

/ The average cast of the migration for the Florida flnd Virgirtia-

population wàs 4.2 and 4.6 kcul/kg/km of uprive~ displacement. This was 

significantly less. than that recorded for peak and\ latè ~run seg~ents of 
l' , 1 i 

the Connecticut population which migrated at temperatures approxi~ately 

equivilent to those experi~nced by St. Johns and York River sh~~. 

curren\t "velocities in the St. Johns and York Rivers, indicated by 
'\ ' 

o , 

ished angular di$placement to the spawning areas (approximately 5 

Reduced 
o 

dimin-

m deg 

compared to 20 m deg in the Connecticut River)' are b,eliéved to ~count(r')", 
h \S 

in part~ for this difference. It 1s also p~~sible that the :ower m~gra-

tian èosts perounit distance in southeru rivers resul~s_from differences 
.. 0 (,'" .. ...-

,> ~ 4 

in migratory behaviour. Leggett (1976) reported that considerable 

mea~derlng and downriver movement occurs ~uring the spawning run of shad, 
~ 
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in the Connecticut River. Perhaps the migration is morc direct ln~. 

southern riVers. Unfortunately no information lS available to'test this 

possibillty . 

In the Connectic~t Rlver the s~gn~ficant lncrease in energy expended 

per kllometer of upriver migratlon by bath late migrant males and females, 

relative ta fish migratlng earlier ln the season, reflects the effects 
'" 

of hlgher averag~ water temperatures on~migratlon energetics. Late 

1 
migrant males and females exp end 2.7 and 4.0 kcal more energy/kg/km of 

--"J 
upstream displacement than equivalent size carly migrant males and females 

r<;spectively. This corresponds w,ell \Vith e~pected metabolic respo~ses 

tO,temperature (Prosser, 1973), the related increases for the 5
0

C increase 

in average migration temperature experienced by late migrants, as pre-

dicted by the,. Q 10 l<m iV being approximately 3 kcàl/kg/km. 

In spite of thé lower energy expenditure/unit distance travelled, 

shad from the St: Johns River populatlon experienced significantly greater , 

total reductions in body weight and energy reserves than did Connecticut 
\ 

and York River shad. TI1ese fish experienced somatic weight losses of 

20 to 50% and utilized 70-80~ of ~heir eombined somatic and viseera 

energy to reach the spawning grounds and c10mplete the spawning act. In 

contrast, .Connecticut River shad experienc;ed body ~veight los.ses of 25-35% 

.' 
and utilized 40-60% of. their combined somatie and viscera energy reserves 

during the complete freshwater migratlon from the sea to,the spawning 

grounds and b~ck ta the sea. Extrapolation of the energy util{zed by 

York River shad to reach the ~pawning area, indicates these fish utilize 
1 

approximately 32% of their total energy reserves to complete the freshwater 
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,migratl n. The higher tot~l energy expenditure in F10rida r~sults from 
1 

the co of greater i energy transfer to the gonaqs ,during the 

the longer freshwater migration requïred to 

r~ach the spawn ng areas in the St. Johns River. 

LlFE HIS~ONSEQUENCES' /' 
1 /) 

The high body weigh't 10ss and energy expen5!;i ture experieneed by the 
1 

St. Johns River shad dûring the fr~shwater migration to the spawning . 
, ) j 

area precludes a sucees'stu1 ~return migration ta sea. 1;:nergy expenditures 
~ . 

• 1 of -simi1ar magnitude have been reported for Pacifie' salmon (Fig. 19; 

Greenè, 1926; Pentegov et. al., 192/;\ Idler and Clemens, 1959) which, 
- -'-, ~' . 

1ike St. Johns River shad (Leggett, 1969; Leggett and Carscadden, 1977) 

suffer complete pastspàwning mortality (semelparous reproduction). At ...... 
~roximate leve1, theref~re, the eombined ene~getic c~sts of gonad ~ 

development ~nd the freshwater migration are the reason for the semel-. ' 

parous reproductive charaeter of the Florida s~ad populati9n. Even' by 

" delaying ma,,MrT!y }md thereby increasing the average body size .(and 
, '\... j 

energy reserves) of fish in the population Ito that of the Connecticut 
1 

stock, Florida shad wou1d experience letha1 en~rgy expènditures preventing 

a successful return migration ta the sea. The lack of repeat spawners in 

other southern rivers (Pgeechee R., Edista R.; Leggett, 1969), where 

shorter migration distances (160-200 km; Walburg and NichaIs, 1967) shouid 

\ 
permi t a return migration to sea,' indicates that factors q.ther than 

)IDlgrat:ton energet:ics regulate the llfe history Chd~~C: eristics of' these 
l ' 1 1 

!.populations. Leg~ett (1969) and Leggett ~nd Carscadden (1977) ha~e 
1 • c 

1 
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Figure 19. Percentage of 'tot~~ avanailo body ene,gy reseryes utili.~d 
by five species Qf anadr mous fish' to successfully spawn. Repeat 

, , 0 

spawning (iteroparous) a d single spa;ming (semelparGus') populations 

are indicated. The expe 

r'ept~ed weight losses ( 

Greene, 1926 (ch~nook); 
J 

Clemens, 1959 (s0ckeye). 

... 

- 1 

by Atlantic salmon ~s estimated from 

;926). Pacifie salmon data are from: 

entegov ~. al., 1927 (chum); Id1er and , 
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sugge.sted that the freshwater envirOilment is rore pred~ctable in the 

southern portlon of the range of shad. This appears ta be true for 
\ 

62. 

temperature and flow conditions during the spa';.Jnlng period (E. Shoubridge, 
, 

McGlll Vniv., pers. comm.). Slnce temperature and flow conditions at 
, 

this tlme sig~iflcantly influence spawnlng succes~, year class strength 

" and recruitment (MarGY, 1976; Leggett, 19771 dens~ty independent varia-

tians in year class strength should bè,significarytly smaller in the .-
south. S'uch increased reprodu'ctive predictabil.ity ,reduc,es the selecti~e 

rdvantage of repeat reproduction (Ricker, 1954; BeveTton and Holt,. 1957; 

Murphy, 1968) and may be .the ultirnate regulator' of the life histOJ7 

characteristics in those southern shad populations where energy con-
1ft' 

straints are not limiting postspawnin~ surviwal. 

St. Johns River shad ha~e com~ensated for the 10ss of reproductive 

potential resulting from complete postspawning mortality by an approximate 

doubling of the average num~er of eggs spawned per female relative ta 

those of northern populations (Leggett, 1;69; Leggett and Carscadden, 

1977). This adaptatlon is in accotd wlth predJctio?s based on theoretical 

analysis of life history strategies (Cole, 1954; Cady, -Charnov and Krebs, 1973; l'k:luntford, 1973). This umber 

achieved by a significant reduction, ln the 
Û ,.r. 

of the egg (0.4 cal/ovum vs. 1.3 cal/ovum for the York and Connecticut 
, ~ 

population'!;;\. ThlS reduced energy c\ntent may be 

averag~ survival (due ta increased ehvlronmental 
# 

, 
màde possible bY"igher ,. 
stability) and by shorter 

deve10pment times caused bJ the higher average water ternperatures in the 

\ 
south (Ryder, 1887; Leim, 1924; Leach, 1925; Fig. 18). 

-,J 
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. .-
In the York River ,and Connect1cut Rlver~, where migration dlstances 

are shorter than in the St. Johns River and the resulting utilization of 

stored energy less severe, a significant portion of the population spa~ns 

'\ more than once (York 23%; Connectrcut 387.; Leggett and Carscadden, 1977). 

Es timated cnergy consumpt'ion of Atlantic, salmon, an iteropaJ;ous species, 

during the .freshwater migration is similar to that of Connecticut RiVer 

sha~ "and SignificLntly less than that of semelparous Pacific salmon :nd 

St. Johns River shad (Fig. 19). This suggests a relationship between 

relative energy expenditure duning the freshwater migration and post-
, 1\ 

spawning survival in anadromous fish species. The larger body si~ 

any given age (Fig.- 20), and the later mean age at maturity~rthern 
1 

populations (Leggett, 1969) may represent adaptations ta increase energy 

reserves and hence increase the Jrobability of repeat spawning thereby 

compensa'ting for reduced population stability resulting from low environ-

mental predictabHity during the spatvning period. Such adaptations are 

known to exist in Atlantic salmon (Kalturin, 1957; Scbaffer and Elson, 

1975) . 

Intrapopulation differences in total energy expendAtures experienced 
\ 

by individual fish, as a result of differences in hydrologie conditions, 

migration distances, size related migration efficiencies, and the condition 

of the gonads prior to the commencement of the freshwater migrat;:i:on, may" 
\ 

also inf~ence the repeat spawning characteristics o~different portions 

" 
of the stocks. The rügher pos tspawning mortal1 ty experienced by la te 

migrating shad in the çonnecticut River (Leggett, 1969~ is positively 

rela ted to the higher tissue weight lasses 
\ 

and energy utilization in tha t ,"'\ .. 
\ 

.. 1"6 • 
~,~ 1 ..--"1 • , 



1· ' 

1 

/ .. 

... 
r 

\"1) 

. l ' 
the latitude of the home ~iver. 

, 

, Il 

, 
\ . 

size (fOrk/ength) 

Data are from Carlande (1969), 

and 

II' ~ 

Chittenden (1969) and th{s stuùy. Line fitted ta thelpoints by eye. 

F 

'! 

1 
~ • / ,-

" , . .. 
1 

\ ~ ~. * ./ 

"<t",~ t 
/ 

1 t / l 

64. 

.. . 

" . 



"' 1 

( 

} 

( 

" 

• 

, \ 

/ 

50 

40 

30 

37" 

CIJ 
-C 
:::J' 
+' .-
+' 50 -

C'CS 
--J 

. 30 

'- 41 

4 year old males 

Vi rginie • • 

• Florida 

39 41 

5 year old female.s 

Virginie 

• 

./ 

• Floride 

43 . 45 
""" 

. 
Body 

~:, 

Connecticut ./ 

• Delaware 

43 45 

Connecticut • ,..-" 
Delaware 

f 1,1-

• 

,1 .. . ----____ . _ .. ..tJ. _ .. ___ ~ __ ~_ ~.-----.. -'-'" ,. '. , '\ .... 



f 

o 

(' 

, , 
v 

1 

\ 

IX 

l' 

65. 

group. Similarly, the higher m1gration energy r:quirements of large 

relative to small males may explain the tendency for males to mature 

earlier and ~t a smaller average size than females. 

The upriver migration of shad in the Connecticut River i5 currently 
~ , 

blocked by a power d~m at Turners Falls (km 184), although historically . 
shadfmigrated to Bellows Falls (km 270~. 

of energy con'sumptio,n for the Connecticut 

Extrapolation of observed rates 

River POPul~tionl(Fig. 21), " 

and assuming lethal'energy expenditures ta be equivâlent ta the total 
~ î 

expenditures observed in the semelparous St. Johns River population, 

leads us ta predict that the trequency of repeat spawning among shad 
1 

spawning between Turners Falls, and Bel10ws Falls following completion of 

'fish lift faci1ities at Turners in 1981 wil~ be significantly below that 
~ 

reported for the lGlwer river. The reduced frequency of repeat sp.awning 

among ~had ~pawning above Holyoke (R. Reed, Univ. of ~illss., pers. comm.) 

supports this prediction. 

fhe~e findings support the hypothesis of Carsc~dden and Leggett 

(1975) that differences in the frequency g{ repeàt r~production ~ shad 

populations native to t~ree tributaries of the St. John River, N.B. 
, 

result fro'fi differences in the l'ength of the freshwater migration to the 

~pawning grounds." 'In these "Jopulations, 'as with that of ,che St. Johns 
, , 
River, Florida, increased fecundity and ear1ier maturity were associated 

with reduc,ed frequencies of repeat reproduction • 

.sWIMMING EFFICIENCY 
1 .... ~ 1 f,t 

Extragolation of Bllrett' s (1965a, b) ,metabolic rate/boày weigh t relation-
1 .. 
i 

~hips for salmon sW1mming at various speeds, and the resuiting derivations 
i 

'-

--
. 

" 
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Figure 21. Total energy expenditures by shad to reach various upr~ve1i:" 

locations in/the Connectic~t River and return ta sea. 
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energy efficiency (calories expended per of the r€la~ionship between 

kilometer mvum~, bOdY" size and swimming speed (Fig.: 22 A,B) indicate that 
j 1 

• \ - 1 

fresh~.]'ater: migration ra~es in American shad are neat,-' flie 'speed 'of maximum 
,\ q 
j l , . 

effièiency. Similar migration effic1encies are 
1 

reporn:d for D.]'O other , , 

iteroparous species, steelhead trout (~. gairdnerii) and Atlantic salmon 

(~. salar) (Fig. 22 B). In s~arp c9ntrast semelparous species such as 

chum (Q. keta), sockeye (Q. nerka) and chinook (Q. tshawytscha) salmon 

1;" 
migrate at higher, less efficient speeds (Fig. 22 A). In the case of 

shad, maximum efficiency is requ1red in order to accomplish the spawning 

migration. For Florida shad the increase in energy 

speeds \below or above the optimum are great. Since 

consumptio~/krn at 

thllse fish use 

virtually aIl their expendable energy ta reach the spawning grounds, any 

,significant reduction in swimming efficiency would result directly in 

reduced fitness~" For Connecticut River shad, which are larger, the 

cHaQge in migration efficienèy is less abrupt. However, maximum swimming 

efficiency is required to ensure that energy ~eserves are adequate to 
l. 

permit a successful return to thè "sea fol;towing spawning, and to ensure 
" 

a high freQuen7 of 
\ . 

repeat reproduct1on. 

Sunnnary 

o " 

1. This study has provided the first detai1ed information on the 

tissue \veight changes and energy costs associated with the spawning 

migratlon of American shad. .... 
2. Tissue \.]'eight change is a reliable index of the physiological 

state of shad. Inference::, concerning energy expenditures associated with 

, . .... ", .. ~ ... '-' -- ._"-'" -.------_ ............... .... ~- ~ 

1 \' 
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Figu~e 22. Speed efficiency curves for sockeye salmon of various sizes. 

Repo)ted freshw.ter s~i_ng speeds of semelparous (À) -and iterop.rous 
' 1. 
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69. .:.. 

the freshwater migration in other rivers can be made from measures of 

gross weight change. 

3. Extensive gonad development of Connecticut and Virginia shad 

during active oceanic feedl.ng reduces energy demands for this purpose 
, , 

during the freshwater fast. Thi,s may enhance the survival of individuals 

in this population and permlt re~eat spawning. Conversely, significant 

transfer of samatie and viscera energy reserves to the gOlléids -by members 

of the St. Johns River population clearly taxes the available reserves of 

\ 
,1 

,ç these migrants and contributes to the complete postspawning mortality. 
1 

/ 

4. Distan.ce' ta \ihe spawning g~ounds is the most important deter­

.1 
minant of total energy demand associœted with the fres~water migration. 

Florida s~ad, des pite encountering higher wat~r temperatures durt~g the 

freshwater migration, are more :nergetically efficient tha~CanneGticut 
; -·;if 

migrants in terms of èalories exp:n~d per kilometer of upriver dis-
/ ", 

placement. 'However, 'the long migrat:ion ta the. spawning grounds i~ the 

St. Johns River Iresults in extens-ive utîlization of energ~ reser'ves and 

complete postspawning mortality. Reduced~depletion of energy reserves 

and postspawning su {vi val is associated with the shorter freshwater 
1 

migrations in Connecticut and 'Virginia. 

5. Water tempe,ràture, through its influence on met;abolic rate, 

influences the rate and magnitude of energy utllization during the 
; 

. -spawning migration and appears to influence survival as a result. 

Significantly higher total energy utilization and higher mortalities 

are indicated for~shad migrating late in the shad run. These fish 
#>' 

experienced average water temperatures SoC higher than those migrating 

\\ 
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at the peak of the run. Further int'!"reas es in 
1 

averag,e river tempera tures 
1 , 
1 

can thus be expected tu directly influence tlle mlgration energetics of 
1 

shad in the Connecticut or other rlvers. 1 

6. Reduced angular displacements to sp areas in the York and 

St. Johns Rlvers indicate migrants in these endounter reduced 
1 

current velocities relatipe to those encount red by Connecticut River 

migrants. This may be a factor in the reduc 
" 

uni t dls~t~nce of ups tream movement in the so 

7. Larger body size and Iater mean age 

River shad may be an adaptatlon to inerease 

1 

d calor]c expendlture pcr 

thern SiUdY rive~s. 
matQ~ity of Connecticut 

! 
1 
feserves and thereby 

enhanc-è postspawning survival necessary for P, pulat'ion stabilfty 

fluctuating environment. Energetic advantage for'smaii Florlda 

in a 

migrants 

) 
may ensure a higher spawning success and henc a selective advantage for 

th~se individuals. Florida shad have ad~pted to small body size and 

complete postspawning mortallty by greatly in reasing relative fecundity 

thereby maintaining. a high reproducti~e patential (Leggett 1969). Thi( 

implles that shad are h1g~lY adapted both ene~getieallY and reproduetively, , 

tlo their specifie home ri vers and tha t ehanget in the charae teris tics of 

ihese rivers could lead to significant altera ions in population structure 

rnd rcprodueti ve sueeess. ' l, 
'8. Extension of the Connecticut Rivl~r mlgration to the historieal 

range of the speeie~ in the river will greatlt inerease the averag~ 
#,f' 1 

energy expenditure,of the Connecticut populat~on and sh~d spd\ming in 

areas above the exis ting sites' ,viII experienc 
1 
1 

costs and proportionately higher postspawning 

, 
signif~cantly higher ede~gy 

mortality. It 1s unlikely 

, 

,. 
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, ~ 

< that shad migrating J the extreme :p~lver areas (Bollows Fal1s) will 

have sufficient res~Jves to co~plcte the freshwater migration to the sea. 
1 i,l 

Thus an increasing lopvrtion of virgin fish in the Connecticut popula-

tion is predicted a the restoration program proceeds. The extent 

of changes in age ~ ructure and repeat spawning characteristlcs will 

depend on ~h'e rel a ive contribution of these ne~v areas to the total shad 

production of the onnecticut River. However, in view of the importance 

ot rep_~at spawnini shad for year to year populatlOn s tab,ility (Legget~ 
i 

1976, Harcy 1976) 1 these parameters should be 'carefully monitored as the 

restoration program continues. Sorne alteration of exploitation strategies 
\ 1 

may be required to maintain a proper balance bet~veen virgin and repeat 

spa\Vning shad if significant chanres'resul~. 

9. Freshwater migration rates of shad ~re near the speêds of 

maximum metabblic efficienfY' Therefore migration rate may be an adap- . 

tàtion to maximize spawni~g success an6 postspawning survivdl ~Y reducing 

the ènergetic cost of swimming . 
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Appendix A. The distance from location of tagging to upstream recovery 

Year 

1967 

1968 

1969 

1970 

1971 

" 

" 

locations and tlje average time, free before recapture for the 
years 1967 to 197'.1. N represents the number of fiSh included 
in the average \:.tqie free for eath recovery sta tion. 

Distonce 
(km) 

o 
5.6 
9.3 

14.8 
24.0 
29.6 
38.9 
50.0 
88.8 
90.2 

o 
5.6 
9.3 

14.8 
24.0 
18.9 
50.0 • 
96.2 

136.9 

o 
5.6 
9.3 

14.8 
24.0 
29.6 
38.9 
50.0 
96.2 

116.9 

o 
9.3 

14.8 
20.4 
24.0 
29.6 
44.4 
50.0 
96.2 

136.9 

o 
5.6 
9.3 

14.8 
20.4 
24.0 
29.6 
44.4 
50.0 
88.8 
96.2 

136.9 

Males 
Av. days free 

9.9 
11.4 

.13 2 
15.6 
16.5 
15.3 
25.6 
170 
23.3 ~ 
25.2 

9.7 
9.4 
8.8 

10.9 
17.3 
16.5 
12.9 
18.1 
11.0 

9.6 
9.5 

--',,~ - 12.5 
tï.4 
12.9 
11.7 
15.6 
19.3 
28.0 
29.2 

10.2 
11.6 
14.7 
10.6 
.15.5 
14.1 
18.2 
~7J7 
19.9 
34.0 

11.1 
13.0 
15.5 
16.4 
14.6 
16.2 
16 5 
14.7 
20.9 

25.7 
31.5 

\. 

\ 

N 

117 
15 
17 
91 
49 
13 
6 
43 

9 
11 

61 
12 
43 
65 

9 
29 
52 
16 
16 

)0 
8 

25 
36 
20 
11 

9 
62 

8 
13 

78 
17 
41 
14 
17 
38 

6 
17 
21 
43 

77 
14. 
20 
57 
22 
13 
22 
14 
27 

22 
44 

Females 
Av. days free N-

7,\9 

13 .4 
14.2 
14.7 
13:1 

15.0 

25.6 

6.6 
5.7 • 
8.3 

12.3 
24.9-

... 11.5 
12.5 
19.2 
3C>.0 

8.1 
8.8 
8.6 

12.8 
12.0 
11.4 
10.0 
15.1 
18.8 
27.5 

7.6 
9.1 

11 2 
11.9 
14.2 
12.3 
17.9 
15.8 
15.9 
24.3 

9.9 
13.7 
13.8 
11.8 
09.7 
11.3 
16.6 
14.8 
17.3 
16.5 
19.3 
26.5 

1 

/ 

75 

23 
89 
37 
19 

37 

13 

95 
10 
73 
91 
10 
50 

103 
22 
15 

87 
9 

40 
63 
57 
34 
26 

105 
22 
23 

51 
19 
64 
21 
16 
36 
16 
65 
25 
51 

59 
7 

26 
49 
23 
17 
26 
25 
50 

4, 
37 
)2 

continu~d •••• 

1 

1 

\ 
\ 

/ 
_~ ___ "","'_a.~""~ _ __. ... _____ • 
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Year Dis~nce Hales N v Jema1es N 
( ) Av. days free Av. ays free 

! 

/ 
') r- I 

1972, 0 10.9 76 1 9.5 64 
9.3 17.0 8 ' 15.0 18 

14.8 14.0 42 12.5 51 
20.4 16.1 14 13.3 , 20 
24.0 12.8 20 11. 7 25 
25.9 ' 12.0 8 
29.6 15.2 42 11. 9 • 40 
44.4 15.1 15 11. 0 13 
50.0 19.5 20 16.4 62 
96.2 25:7 15 18.6 15 

136.9 j 35.2 40 29.0 55 

1'973 0 8.8 54 ~.O' 56 
9.3 12.0 10 8.3 ,13 

14.8 9.8 ' 46 11. 2 53 
20.4 11.4 10 12.6 19 
24.0 10.9 14 10.6 26 
29.6 13.2 21 12.1 32 
44.4 12.7 7 
50.0 13.5 28 13.5 52 
88.8 22"': 1 12 

.1 96.2 25.6 9 19.4 5 

.. âl , 
"' 

() 

j 

1 
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Appendix B. F values for analysis of covariance comparis~ns of yearly 
, 0 

male and female shaç migtation rates (regressions slopes) 

r" 
~nd delay before resumption of upriw~r movement (adjusted 

meaps), in the- Connecticut River. Significant differen~s 

(p <.05) ar~ indicated br (+) or (-). The sign indicates 

whether the slopes and adJusted means for females are 

great:er (+) or less <--) than those for 

(*) indicate the residual variance CRY) 

ma1es( ~isks 

is ~og~neoüs 
(p <. 05). AlI joint regression F values are significant at 

1 

the .01 probabilit~el. 

81. , 

year RV Slope Adjyted mean Joint F 

67 • O. 1 1.1 43.3 
~. , 

68 0.3 0.0 48.7 

69 1.5 10.8 (+) 222.7 

70 2.2 4.7 (+) 87.6 L 
71 

. 
* 0.8 15.1 (+) 68.7 

72 0.9 ( 6.7 (+) 104.6 

73 4.6 (+) 3.3 (+) 164.3 
'0 

, c 

.. 

,> 

~' 

(, 0 ~ ~ 
------ ~----- -----"---------r---_ --_. __ ~'__!------
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Appendix C. y Mon;nly mean Connecticut River dis charge into ,Long l~land 

,\ a 

/ 

17 

,~-- ,,, (, . 
Sound ~Water Re$ources Data for Connecticut, 1966-1973. 

li.S. Dept. lnterio;, Geological Survey, H~rtford Conn~ 

a~d,average water tempera~e (at 

conn:ctic~t Riv~r Study datk) for 

Saybrook Bridge; 

the month (solid bar) 

9 
when upstream movement of peak n~mbers of shad occurred. 

Migration rates (slopes of days free after tagging/upstream 

II pis tance travelled regressions (Appendix A)) are indicated. 
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Appendix D. Daily catch per unit effort (C/UE f male and female 

shad at the Connecticut River ma for the years 1972 

and 1973. Arrows indicate dates sampling initiation ) 
for males (m) and for females (f) i these years. 
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Appendix E. F values for analysis of covariance of within river comparlsons of shad gonadweight/1ength regressions at the river mouth rD km ) with 

subsequent upriver samp1ing stations. Stations are indicated by channel distances travelled after entry to freshwater. Significant 

Sto tions 
ccxnpared 

o x 50 

83 

137 

265 

o X 50 

83 

137 

265 

differences (p <: .91) are indicated by (+) or (-). The sign indicates whether the slopes and elevations at upriver stations are greate·r 

(+) or less (-) than the slopes and e1evations at 0 km. • indicates the rèsi~ual variance (RV) of compared regressions is heter~geneous 

at the .01 probabi1ity level. 

RV 

* 

* 

* 

CONNECTICU'.Ç 

Peak 1972 Early 1973 

slope elev~~ion ~slope e1evation 

0.4 0.2 0.0 1.6 

0.9 1.6 0.2 1.0 

2.8- 20.9(-) 5.7 2.7 

24.5(-) 512.1(-) 15.1(-) 382.4(-} 

2.2 2.8' 0.0 

0.1 0.1 0.6 

3.5 3.4 0.3 

37.8(-) 606.8(-) *10.8(-) 

0.9 

12.4(+) 

1.9 

270.4(-) 

, 

blale 

FLORIDA 

Late 1973 Stations . 1974 
compared ~ 

RV slope elevetion RV slope el~vation 

0.5 32.9(-) o x 148 0.0 6.9 

1.6 39.3(-) 259 9.0 28.6(+) 

0.1 33.6(-) 370, 0.0 2.8 

* 3.4 180.2(-) 370(spent) 0.9 1.5 

* 3.0 o X 148 4.4 38.7(+) 

* 0.0 259 * 1.3 93.6(+) 

* 1.2 4.0 370 * 21.9(+) 51.0(+) 

16.8(-) 319.1(-) 370(spent) 0.1 10.1(-) 
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Appendix F. 

Sta tions 
compared 

o x 50 

83 

137 

265 

13?x 265 

o x 50 

83 

137 

265 

137 x265 

~ ~ 
----

F values for analysis of covariance of within river comparisons between shad visccra weight / length regressions st the river mouth (0 km ) and 
regressions at sub"~quent upriver sampling stations and for comparisons between the viscers weight / length regressions for ripe shad at the 
spawning areas (137 km. in Connecticut; 370 km in Florida) and regressions for spent shad (265 km. in Connecticut; 370 km. in Florida). Stat.ons 
are indicatcd by channel distances travelled aiter entry to freshwater. Significant differences are indicated by (+) or (-). The slgn 
indicates whether the slopea and elevations at upriver stations are greater (+) or less (-) than the slopes and elevations at 0 km anq whether the 
slopes and elcvstions for spent shad are greater (7) or less (-) than those of ripe-shad at the spawning areas. * indicates the residual 
variance (RV) of compar~d regresslons isheterogeneous at the .01 probability level. 

~-" 

Male 

Connecticut Florida ... 

~ 

~ 
"'"-

Peak 1972 Ear1y 1973 -

RV slope elevation RV slope e1evatton 
• 

* 0.0 7.5(-) 0.1 22.6(-) 

2.0 41.3(-) 0.0 20.6(-) 

4.7 146.6 (-) 0.6 191.9(-) 

0.7 178.0(-) 0.1 206.4(-) 

2.5 0.5 0.2 0.1 
:' 

t 

2.5 12.9(-) 0.8 18.5(-) 

0.0 51.0(-) 5.6 0.3 

0.2 186.8(-) 1.4 101.5(-) 

0.1 201. 3( -) 1.8 112.5(-) 

0:0 0.2 0.1 2.3 

~~ 

Late 1973 

RV slope elevat10n 

* 1.9 56.1(-) 

0.8 50.1(-) 

* 0.6 64.à(-) 

* 0.9 70.1(-) 

0.0 0.0(-) 

Female 

0.0 46.1(-) 

0.0 39.1(-) 

* 0.0 161.0(-) 

* 0.4 ~52.6(-) 

2.3 0.7(-) 

Stlltions 1974 
compared 

RV slope e1evation 

o x 148 0.2 1 2 

259 7.3(-) 122.9(-) 

" 370 7.3(-) 224.6(-) 

" 370(~ * 4.4 114.7(-) 

370(ripe_x 370(s nt) 4.1 6.2 

o x 148 3.B 1.8 

259 3.7 29.1'-) 

370 LB 83 )(-) 

370(spent) 2.6 61.9(-) 

370(ripe) x 370(spent) 0.0 4.8 

.;;: 
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Al'pendix G. 

Stations 
comparcd 

-------- o x 50 

" 83 

Il 137 

" 265 

137 x 265 

o x 50 

" 83 

" & 

" 265 

137 x 265 

;~\r:"!:- \~ __ • v +.> ....... 1 

.f 

-'> 

... --------

'­

" 

~---~.--/ 

~ 

~ 

F values for analysis of covariance of within ri~r comparisons between shad body weight 1 length regressions at the river mouth (0 !,~ ) 
and regressions at subsequent upriver s~mpl~ng stations and for comparisons between the body weight / leng~ regressions for ripe shad 
at the spawning areas (137 km in Connecticut, 370 km .. in Florida) and regressions for spent'shad (255 km. in Connectlcut, 370-km. ln Florlda) 
Stations are lndicated by channel distances travelled after entry to fresnwater. Significant differences are lndicated (+) or r-) The 
s~gn indicates whether the slopes and elevations at upriver stations are greater (+) or less (-) than the slopes snd elevations at 0 km. and 
whether the slopes and elevations for spent shad are greater (+) or less (-) than those ~ ripe shad at the spawning areas. * indicates the 
residual variance (RV) of compared regressions i9 heterogeneous at the .pl probability leve1. 
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kppendix H. Linear regression coefficients for gonad energy-content/~dy lengtn regressions ~onnecticut and St. Johns River shad. Predictive equations 

take the form y - C + bX ~here Y ia the predicted gonad energy content and X ls fork length. Station is indlcated by distance along the migra tory 

rQute. Those regressions not signlficant at the 5% probabl1ity level are indicated by an asterisk (*). 

CQnnecticut River -..- St. Johns River 

SEX Reprod. stage Station Peak 1972 SEX Reprod. stage Station 
C. b C b 

Male Maturing 0 -242.48 7.97 Male Maturlng 0 -62.86 2.47 * Il 20 -202.79 6.96 " 148 -81. 84 3.13 
" 50 -227.51 7.54 " 259 -12.13 1.41 * 
" 83 -121.00 4.98 " 370 -61.37 2.33 

" 137 -150.91 5.47 .dl 

Spent 191 - 71. 88 - 2.57 \ Spent 370 -61.53, 2.16 * 
" 224 - 70.76 2.35 * \ 
" 265 - 67.72 2.19 \ 

\ 

\ 
\ 

Female Maturing 0 -1174.74 31.12 Female Maturing 0 - 54.07 3.55 * 
" 20 ,-1255.07 32.68 " 148 -328.96 11.11 

" '" 50 - 771.64 22.35 " 259 -152.77 7.20 -+ 

" 83 - 622.17 18.33 " 370 -559.62 16.02 

" 137 94.88 8.35 * ~ 

Spent 191 - 474-.62 11.10 * Spent 370 -118.35 3.98 * 
" 224 "\ 2.72 * 
" 265 20.2 1.43 * / 
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Appendix 1. 

SEX 

Male 

Female 

r 
t 

1 

'-
~~~~,~$t.- '0. 1"..J->r~..t ~~<,_ " 

-
• ... 

Linear regresSlon coefficients ,-for viacera energy cpntent/body length regressions of Connecticut and St. Johna River shad. 
Predictive equ.:ltions take the ;0= y = C +bX where Y, is the predicted viscerâ energy ~ontent and X ia fork 1ength. Staticyn 
is indicated by distance a10ng the mlgratory route. Those regressions not aignificant at the 57. probabi1ity 1evel are indicated 
by an asterlsk (*). 

Connecticut River St. Johns River 

Reprod. stage Station Peak 1972 __ - -"1iEX Reprod. stage Station Q 1974 
C b ---- C b >, 0 

Maturing 0 -351.06 12.82 Male Maturing 0 -361.54 13.18 -
" '20 -485.71 15.45 " 148 -183.78 1.43 
" 50 -41.3.12 13.:'5 " '259 86.12 - 0.50 * 
" 83 -177.96 7.17 * " 370 41. 36 0.34 * 
" 137 -102.02 3.93 

Spent 191 -200.03 6.14 Spent 370 - 58.51 1. 97 * 
" 224 -366.82 9.65 ~ 

" 265 -132.72 4.46 

Mat~ring 
, 

0 -116.38 5.24 * fema1e Matur1ng 0 -503.93 15.26 
\1 20 - 10.19 3.11 * " 148 18.62 1. 87 * 
" 50 -379.86 10.49 " 259 40.88 0.07 * 
" 83 -216.43 6.13 * " 370 -108.06 3.47 

137 -Il,,!. 96 4.20 * 

Spent 191 - 74.22 2.75 * Spent 370 - 51. 66 1. 74 
" 224 -1~.98 4.38 
" 265 -137.92 3.92 
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Appendix J. Linear regression coefficients for somatic energy content 1 body 1ength
l 
regressions of Connecticut and St.' Johns River shad Predictive 

equation9 take the form Y - C + bX where Y 19 the predicted energy content of the body and X ia fork 1ength. Station is indicated by 
distance a10ng the migra tory route. Those regressions not significant at the 57. probabi1ity 1eve1 are indicated by an asterisk (*) 

Sex Reprod. stage 

Male Maturing 

Female 

.. 

" 
" 
" 

Spent 

" 

Matu1;'ing 
" 
" 
" 

Spent 
" 
" 

~ 

Station Peak 
C 

0 -7816.65 
20 -7156.63 
50 -6697.79 
83 • -5239.62 

137 -3091.25 

191 -3814.52 
224 -5747.89 
265 -3154.33 

0 -8656.16 
20 -9689.01 
50 -14891. 78 
83 -7869.18 

137 c -9421. 24 

191 -5273.33 
224 -6521. 73 
265 -7000.86 

Connecticut River 

1972 Ear1y 
b 1:: 

254.24 -6397.56 
240.75 
224.08 -4764.99 
191. 55 M6454.70 
123.41 -1861. 89 

127.66 
167.13 
107.17 - 777.35 

265.33 -5576.07 
286.38 
392.46 -4480.90 _ 
229.92 -9196.55 
255.36 -7509.46 

157.64 
180.97 
192.70 -4767.21 

1973 
b 

213.26 

174.29 
213.06 
90.62 

51. 67 

194:-ui 

165.02 
266.82 
211. 25 

140.68 

,.. 
j 

Late 1973 Sex Reprod. stage 
C b 

-3603.68 144.88 Male Maturing 

" 
-1948.15 95.12 ,,' 
-4505.31 145.39 
-2888.05 98.33 

Spent 

-2066.79 ?3.03 

-4972.74 180.90 Fema1e Maturing 
" 

-4295.96 152.83 
-3408.18 l29.53 
-5470.66 154.21 

Spent 

- 440.94 40.75 * 

... 

1# 

St. Johns River 

Station 
C 

0 -5106.39 
148 -418LJ,3 
259 -1489.83 
370 -1142.08 

370 -2845.89 

0 -7597 52 
148 -4531 48 
259 -2024.84 
370 --2908.65 

370 .-1466.26 

• 

1974 
b 

J91.90 
155.19 

76 48 
61. 83 * 

92. IY. * 

251. 10 
169 55 

88.27 
103 Z9 * 

50.09 * 
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Appendix K. F values for ana lysis 0 f covariance 0 f .... ithin river comparlsons bet"ween shad gonad and viscera 'energy content / length regres \~ons Il t the 
river mouth (0 km) and regrassions at subsequent upriver snmpling stations and-betwaen regressions for ripe shad st the ~pcwni g sress 
(13] km ln Connecticut, 370 km. nn Florida) and regressions for spent shad (265 km in Connecticut; 370 km in Florida). Statio 5 are 
indicatetl by ch.:lflnel distances travelled after entry to fresbwater. Significant di.fferences are indicated by. (+) or (-), the sign 
incllcating whether the slopes and elevations at upriver stations are greater (+) or less (-) than the slopes and e'levations atO km and 
whether the sLopes and elevations for spent shad are greater (+) or less (-) than those of ripe shad at the spawning areas. Asterisks (*) 
indicate heterogeneous residual variance in compared regresslons at the~.OI probability level. 

1"01e • Connecticut 1972 Floride 
.c. 

Stations Gonad Viacera Stations Gonad Vlscera 
compnred RV $lope elevation RV slope elevation comparcd RV slope elevation RV slope elcvation 

"1-

0 x 50 0.0 0.4 0.0 8.4(-) 0 li 148 0:0 3.2 1.5 26.9(-) 

" 83 3.5 4.4 1.1 16.5(-) 259 0.0 6.4 7.7(-) 100 5'_) ... 
" 137 2.0 8.0(-) 4.8 84.5(-) 370 O. l 1.9 6 2 163 2(-) 

" 265 * 21.8(-) 368.9(-) 4.1 112.3(-) 370(spent) * 0.2 6.0 * 2.7 128-:H-) 

x 265 * 6.6 139.8(;:) 0.0 0.4 370(ripe)x370(spent) 0.0" 6.8 * 0.1 23 6(-) 

FelM le '" 
- _._----~-_ .. _---~ .. _------

1 

1.6 -2-;-3 x 148 24.7('+) 
1 

0 x 50 1.8 0.1 0 3.9 7.1(-) 10 )(Î) 

1\ 83 2.3 ·13.9 (-) 0.0 2/+.7 (- ) 259 0.8 42.2(+) * 10.3(-) 87.1l ( -1) 
\ 

" 137 6.8 3.0 0.1 57.2(-) 370 7.9(+) 7.1(+) * 4.6 l!4.U-) 

\1 265 * 42.2(-) 488.3(-) * 0.3 104.~(-) 370(spent)_ 0.0 25.6(-) * 5,~ 5?~(-) 
, 

5.~ 
i ' 

x 265 '/( 1.2 191.0(-) 0.0 2.2 370(ripe)x370(spent) 28.2(-) * 1.0 16.6(-) 
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Appendix L. 

1 
1 '" 

Stations 
compared 

" o x 50 

" 83 

" 137 

" 265 

137 x 265 

o x 50 

" 83 
..... 

~ " 137 

1 · 26' 
, 137 x 265 

~ -- --
~ 

l, 
1\ , 
~ , 
~ 
! 
f , 
i' 

~ ... -~ ~'""'..-.;~-~O • ,"_ -r),~'; >t.... ~ 

~ 

i' 
.. 

F values for analysis of covariance of within river comparisons between shad eviscerated body energy content - 1ength regressions Bt the 
river mouth (0 km.) and regressions at subsequent ,upriver sampling stations and between regressions [or ripe shad at the spBwning Breas 
(137 km in Connecticut; 370 km in Floridà~ and regressions for Bpent shad (265 km in Connecticut; 370 km in Florida). Stations sre 
indicBted by channel distances trBvclled nfter entry to freslMBter. Significant diffcrences are indicated by (+) or (-), the sign 
indicating vhether the slopes and elevations at upriver stations are greater (+) or less (-) than the slopes and elevations at 0 km. and 
whethcr the s10pes and elevations for spent shad are greater (+) Dr less (-) than those of ripe shad at the spawning areas. Asterisks (*) 
indicate hetergeneous residual variance in compared regressions at the .01 probabi1ity leve1. 

Male 

Connecticut Florida 

Peak 1972 Early 1973 Late 1973 Stations 1974 
RV s10pe e1evation RV slope e1evation RV slope e1evation compared RV slope elevation 

0.6 4.3 0.3 0.7 0.3 ,5.3 o Je 148 1.1 56.3(-) 

6.3 6.2 .('" 0.0 0.1 1.8 0.3 " 259 0 6 •9 135 6(-) 

14.0(-) 63.3(-) 4.7 56.2(-) 0.1 50.3(-) " 370 7 5(-) 245.1(-) 

25.1(-)346.2(-)' * 11.2(-)197.2(-) 1.5 224.5(-) 370(spent) 3.1 285.0(-) 

0.2 30.4(-) 0.9 ' 36.3(-) 2.2 19.2(-) 370(ripe)x 370(spent) 0.2 29.4(-) 

Fema1e 
~ 

4.7 0.1 0.6 12.9(-) 0.2 15.0(-) o x 148 2.8 10 2(-) 

" 0.2 24.5(-} 0.0 29.6(-) 0.5 20.8(-) " 259 10.5(-) 147 7 f -) 

0.0 49.1(-) * 0.6 91.8(-) * 0.2 -159.5(-) 370 5.6 203.0(-) . 
2.7 187.4(-) ~.5 113.0(-) * 5.3 248.7(-) " 370(spent) * 17.1(-) 320.1(-) 

1.5 0 1.8.1(-) 0.4 0.5(-) 6.5 28.6(-) 370(ripe)x 370(spent) * 0.6 25.6(-) f 

\ '? 

\ 
1 

y/Ô 
0-:/ 

01 

~~ 

• " -
~ 

\D ... 



, 
- f-

t 
; , 
; 
1 

~ 
~ 

, 
~ 

cl 

1 

,.. 

Appendix M. 

SEX 

~""";:i.:b-"'.:... "" .. ::;, ~ .... , ... ~ ~ 

--
t) 

~ .... 
l.-

::.-.. \ 

Menn length by age and sex of Connecticut R. (1972 and 1973 samples combined) and St. Johns R. 
shnd (1974). 'Standard deviations (SD) anù Stut:Pents - ri:- test results for between nver . 
co~par~sons (whQre possible) arc given. 

AGE CLASS POPULAT ION' 

Connecticut R. St. Johns R. 
N Mean Length SD N Mean Length SD t - va.lue 

" 
-

\, 

'II 
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Appendix N. ~!ean age at,maturity for the Connecticut and St.Johns River shad populations. 

:rfudents t valu~ is given!for between sex comparisons. 

, 
Population Year N Males Standard N Females Standàrd 

Age st Deviation Age at Devia tion 
Maturity Maturity 

(years), (years) 
('r--.. 

'Connecticut R. 1972 173 4.2 0.7 172 4.9 0.7 

1973 1?0 4.2 0.5 189 . a 4.7 0.6 

" 
Combined 365 4.2 0.6 3,49 4.8 0.6 

oS'. St. Johns R. 1974 134 4.1 0.4 133 4.4 0.5 

~~ indicates comparison is significant ( p <.01). 
. " 

~\ 
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t valuè 
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Appendi~ O. ~tudent t test comparisons of mean age 
Cl 

of maturity (by sex) between rivers 

and between sampling years (Connecticut 

only). 
! I~ 

\ 

Connecticut R. St. Johns R. 
Males 1972 Females 1972 • Males 197~ Femal~s 1974 

Conn. ~ 1.1 
IYJ 

' females 197-2 7.0;" 

males 1973 • 0.9 1..0 ~". .,... , 
~ 'females 1973 0 3.6~ 5.9* 

8 

Combi'hed males 

(Conn. R·F 
1
1
\ 

females 

\ 
- , 

\ " 
6.4* 

{ ?' 

;'- Jnu.lc;Ltes 1: values a:-e :>i~niflcant (p <. Ot)_ 

\ ~ 

I~ , 
J • 0 

\ 

.r"-'Ifij .. IIo._-~I""'fI1* 1 fi.'" ü",.....wu •• _U - HilE/liFT 7."' • $ n,mW'eth Dt! ., -
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Appendi~ P. Spawning histories of Connecticut and St. Johns River shad populations. 
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Numbers in parentheses indicate sample sizes. 

Populations Year 

Connecticut R. 1972 

St. John,> R. 

~ 

1973 

72 an9 73 coro~ined 

1974, 

'" 

Hale 

68 (173) 

56 (180) 

59 (365) 

0 (134) 

Î 

.... iiW.tni':;ioE.~~~'iN.~,..~~"'"~ .. ~-Q~~-'.l<,_,., ,~"" 

; 

perc~~ners 
/' Feroal Sexes combined 

/ 

44 (172) 56-f345) 

36 (189) 44 (369) 

41 (34\9) 50 (714) 
" \, 

o (13:1') o (267) 

f 

1: 

\0 
V1 

-" 
"""'" 
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Appendix Q. Non-protein nitrogen (NPN) content of the eviscerated 

body tissue ( expressed as a percentage of the total 

nitrogen) of early and late Connecticut River ~igrants. 

Percentage NPN is compared beuveen river mouth (0 km.) 

1 
and upriver stations at l37'km., and 265 km., using 

Student's i test r Number of values (n) included in the 

mean~ standard deviation (SD), and t values are given. 

Significant d~fferences at the .01 probabi1ity level are 

indicated by asterisks (~). 

"" 
) 9 km 

Sex n % NPN SD 
137 km. 265 km. 

%NPN SD t . n io NPN SO t n 

Hale early 20 11.65 L37 21 11.63 0.78 0.06 18 
. ( 

11. 78 2.20 0.20 

late 15 Il. 76 0.82 16 10.61 0.56 4.54,'< 18 :r1.21 0.96 1. 74 

rr 
\ 

/ 
. 

\ 

iFemale ear1y 18 11.12 1.06 21 Il.64 0.53 1.98 16 12.40 1.31 2.91 

• \ ù 

f· late 18 Il. 70 0.69 20 10.92 1.26 2.34 20 11.95 0.76 1.04 

., 
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