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OYSTER GROWTH AS AFFECTED BY 
LATITUDINAL TEMPERATURE GRADIENTSli 

By Philip A. Butler· 

INTRODUCTIOO 

7 

The complexity of growth processes in animals makes necessary the use of many 
different yardsticks for a critical evaluation. The word growth itself is diffi
cult to define but is interpreted, usually, as meaning permanent changes in length 
or vol~. In oysters, growth is especially difficult to study since the body is 
hidden between the valves. Body size fluctuates seasonally; even the shell may de
crease in length under special environmental conditions. Specimens taken from up
per Chesapeake Bay after a prolonged period of low salinity showed that the occu
pied portion of the valves had decreased by an inch. Under such adverse conditions 
there is considerable body shrinkage and the oyster forms new valve margins within 
the old shell thus decreasing its total length by as much as one-third. This neg
ative, or reductional, grov~h is cornmon to many animals and frequently occurs in 
oysters. MOst often the valve s do not reflect these transitory body changes and 
body size cannot be determined without opening the shell. Measurement of growth in 
oysters is further complicated by the absence of a definitive size and by the fact 
that sexual maturity may be attained at shell sizes varying from i to 2 inches. 

For these and other reasons biologists and fishermen are prone to accept shell 
length as a valid criterion for oyster growth, and certainly it is the easiestmeas
urement to use. State laws regulsting oyster harvesting follow suit and the 2~ or 
3-inch "market" oyster is a legal standard in most area s where oysters are harvest
ed commercially . However, since the amount of meat in an oyster rather than the 
size of the shell determines the profit, we find that private oyster growers do not 
necessarily use the 3-inch standard to determine the harvesting time for their crop. 
Under most conditions, the private planter determines the harvesting period by the 
number of pints of meat produced from a bushel of oysters rather than on whether or 
not the oysters will pass the minimum legal standard. In some areas too, the com
mercial canner does not purchase oysters on the basis of length but rather on how 
many cans of meat he can process per barrel of shell stock. Shell growth is, of 
course, intimately associated with body growth, but the relat ion between these two 
is by no means directly proportional . Investigators have recognized these facts for 
a long time. But , unfortunately, there are occasional report s of rapid increases 
in shell length which, with or without the writer's intention, are interpreted as 
meaning rapid meat production. The reading public has been educated to consider 
shell growth as synonymous wi th meat growth. 

LENGTH VERSUS WEIGHT-VOLUME FOR DETERMINING GROWTH 

The difficulty in determining oyster growth from length measurements becomes 
apparent on examining the results of some of the many experiments we have conducted 
during the past four years. For example, observations on growth under average con
ditions show that during the S\.lllllrer months of their first year oysters grow up to 
50 mos. in length; during their second summer they may increase from 1 to 10percent. 
During the summer months of their third year there is virtually no increase in shell 
length, although weight and volume may increase from 10 to 20 percent. ObViously, 
during this third summer the oysters are growing despite the lack of increase in 
length. Length increases do take place in the third year of course, but during the 
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colder months . In contrast, oyst er s in the colder wat er s of New Sngland add 70 per
cent of their anLual length i ncr ement nur ing t he four summer months when mnture 
Gulf oysters are not growing appreciably. 

Location 

CANADA 

LONG 
ISLAND 
SOUND 

I:ean 
annual 
terep. 
00 C. 

6 

10 

C~APEAKE 
BAY 15 

SOUTH 
CAROLINA 20 

GULF OF 
KEXICO 22 

Calendar months to Months 
in 

Poor hiber-
area nation 

84 48 66 5 

80 42 52 4 

60 18 30 

48 

Average Oz .-yield Oz.-yield Oz .-yield Oz .-yie ld 
no . of per bushel per buahel per per 
growing (USFvlS ( biologists ' calender growing 
months statistics) est1lnate) month month 

46 120 1.8 2.6 

122 

30 76 

30 66 72 

FIGU~E 1 - ESTIMATED AVERAGE GROWING TIME AND MEAT YIELD FOR SELECT 3 - INCH OYST ERS AT DIF
FERENT LATITUDES. YIELD PER MONTH IS DERIVED FROM BIOLOGISTS· ESTIMATE OF YI EL D PER BUSHEL . 

Interesting changes in growth rates may be obtained experimentally by simula
ting the tidal conditions to which many oysters are normally exposed. At Pensacola 
we compared oysters growi ng under these conditions with control oysters held contin
uously below the water surface. In the f irs t six months of observations, controloys 
ters gf;lined 35 percent i n length and width whi le experimental oysters showed no gain j 
control oysters increased 160 percent i n weight and experimental oysters 100 percent 
in weight. In another series of observati ons we separated oysters growingundervery 
crowded conditions and placed t hem in indi vidual trays. In the following six months 
these oysters increased in length only 1 percent, showed no change in width, but in
creased 40 percent i n volume. 

It is apparent that under a variety of environmental conditions essentially no 
changes in length and width may occur while SUbstantial gains are beingrnade in weight 
and volume, in other words, when the oyster is growing. Our observations in Florida 
show that significant increases in weight and volume occur each month throughout the 
year, whereas increases in length and width follow a well-defined seasonal pattern 
after the first year and occur primarily in the winter months. The regularityofVol
ume increas es during all of the growing months as · compared to periodic length and widtl:1 
increases has been repo~ted also for New England oysters (Loosanoff 1949). I suspe~t 
it is a charact eri stic of this oyster wherever it grows. For these reasons,themeas
urernent of volume is a far more critical yardstick in the measurement of growth than 
is the mea surement of length. There are certain disadvantages in the use of volume 
measurements as criteria for oyster grov~h. It is more time consuming and requires 
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more equipment, but the data obtained are of much greater value for interpreting 
growth changes under both experimental and natural conditions. 

RELATIVE VALUE OF GROWING AREAS 

9 

The oyster biologist is interested not only in growth rates in a given envi
ronment, but also is frequently concerned with the relative value of two or more 
growing areas. It may be possible to examine such areas only briefly. In these 
circumstances, the use of the total volume measurement by itself is of little val
ue in assaying the growth potential of tLe oyster population. The reasons for this 
are obvious considering the striking differences found in the character of the shell. 
In areas infested with boring sponge and clams, the valves may be massive and yet 
enclose relatively little meat. Conversely, in areas of rapid growth, with the pro
duction of thin shells and relative thin oysters, the meat yield may be quite high. 
Even in circumscribed areas, variations in population density and types of cultch 
radically influence shell thickness and thus affect the relationship of total oys
ter volume to meat yield. We have several series of data illustrating these dif
ferences and our results parallel those obtained by H. F. Neore in his experimental 
plantings in Louisiana at the turn of the century (Moore 1910). Moorefoundinseed 
plantings of similar age that crowded oysters averaged greater length but only half 
the meat production of uncrowded oysters; that oysters growing on clam shell cultch 
produced the same amount of· meat per bushel as larger and longer oysters growing on 
oyster shell cultch in the same area. Thus, in comparing oyster samples even from 
adjacent reefs, neither greater length nor greater volume is necessarily an index 
of greater meat yield. 

TOTAL OYSTER VOLUME TO SHELL VOLUME INDICATES POTENTIAL YIELD 

It is a simple operation to shuck measured samples of oysters from one or sev
eral locations and determine the relative yield at ~arvest t ime. However, for the 
biologist who may wish to determine the potential yield of a particular area ortype 
of culture technique, it is much more difficult. He must sample oysters both in and 
out of season, when they are spawning and when they are hibernating. Under varied 
seasonal conditions, the yield from a sample may have little bearing on what those 
same oysters would produce under the optimum conditions found at harvest time. For 
example, we determined the yield of similar-aged oysters growing as "singles" and 
another group growing under crowded conditions. In l'1ay, the single oysters produced 
30 percent more meat than did the crowded oysters. Two months later the yield ratio 
had reversed and the crowded oysters produced nearly 25 percent more than the singles. 
This change in meat production was not due to any sudden improvem.ent in the crowded 
oysters but simply to the fact that they were heavy with spawn 'while the singleoys
ters had all completed the spawning process. There are still other local conditions 
which may contribute to such misleading results, and it is essential for the biolo
gist to have some yardstick usable at any time to evaluate the potential yield from 
an oyster population at its peak of condition. 

We have found in our work t hat the ratio of total oyster volume to shell volume 
provides such a yardstick. Under poor gra~ing conditions, where meat yield is low, 
this ratio approaches but, of course, never reaches 1.0. As oysters improve inmeat
yielding capacity, this ratio approaches and may surpass 2.0 . In other words, the 
larger the body space in proportion to shell, the higher the ratiO. In t~e Pensacola 
area, the best oysters have a total volume:shell volume ratio of about 1.8 and the 
poorest oysters have a ratiO of about 1.2. 

This ratio has many convenient uses, some of which I shall indicate briefly: 
Since it is based on the total internal capacity which the oyster has at some ti:ne 
created for its body, this ratiO reflects the volume of oyster meat when the animal 
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is, or was, at peak size; this ratio is independent of meat volume ~t the time of 
examination and hence is not affected by seasonal fluctuations in meat quality, or 
by variations due to spa\~ing, etc.--it can even be used on the intact shells of 
oysters long dead; it eliminates the subjective impressions gained from rapid shell 
growth and over-all large-appear ing oysters; when used in conjunction with meat vol
UIDe, the ratio helps to evaluate the effects on body size of disease , pollut ion, and 
semi-penuanent environmental changes . 

\rIe have found this ratiO useful in comparing oysters grown under different ex
perimental conditions in adjacent environments , and it should be equally useful in com
paring oysters which have gro~~ in environments widely separated geographically. 

Since distinctive differences in the meat yield per bushel exist in the com
mercial production of oysters at different geographical locations , it is of interest 
to learn whether these differences have a biological foundation based on the oysters' 
ability to grow or whether they are artificial differences based on harvesting tech
niClues. 

The U. S. Fish and ..Tildlife Service in compiling production ficures for the sev
eral oyster-growing areas makes use of certain factors for converting bushels of oys
ters harvested to pounds of meats produced (Anderson and Feterson 1952) . These con
version factors vary from over 7 pounds per bushel in New Engl~:tnd to less than 3 in 
South Carolina. These figures indicate to some extent the Cluality of the oysters, 
but they reflect primarily the harvesting methods used in the different states . In 
order to estimate the meat-yielding capacity of oysters from different geographical 
areas, it is necessary to determine the meat yield and age of a standard- size oys
ter. 1 have selected for this purpose the 3-inch "market' oyster , taking into con
sideration the number of calendar months necessary to produce such an oyster and in 
how many of these months the oyster actually grows . (rfuny biologists have contribu
ted helpful information for my use in comp!~ing these data, and 1 wish to express 
here my appreCiation for their assistance.Y I wish to emphasize, too, that any 
faults in the interpretation of this material are entirely my own. ) 

DIFFERENTIAL OYSTER GROWTH AT DIFFERENT LATITUDES 

Although some of the data are Cluite meager, I believe that a clear-cut differ
ential in oyster growth does exist at different latitudes. The Chesapeake oyster 
produces the greatest volume of meats in unit time on the basis of both calendar 
months and growing months . If we consider rate of grov~n from the biological point 
of View, rather than the cormnercial, and eliminate the hibernation months, oysters 
in the warmest areas produce the least amount of meats in unit time, and the other 
regions considered are intermediate. 

The relatively poor growth of the southern oyster suggests that the Gulf of MeX
ico is on the periphery of the geographical distribution for this species , Cra3s~

~ virginica. It suggests too, that parts of the Gulf may be classified as a diS
tinctly marginal environment. Although there is clear evidence for the existenceof 
enormous populations here in the recent past, we have no knowledge of the ~ual re
crui tment in these popUlations. It may well be that in the presence of statiC pop
ulation levels overfishing by man has been the decisive factor in cauaing the rapid 
decline of the species in such areas as the Texas coast. This hypothesiS may ex
plain man's failure to restore barren areas by small-scale plantines . It is reason
able to assume that in marginal areas and in the presence o~ many enemies the oyster 
can perpetuate itself only when the adult population is very large. Admittedly, 
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there are other areas in this latitude which provide an excellent environment for 
oyster populations. This situation merely emphasizes the fact that the suitability 
of an environment is dependent on the interaction of many ecological factors. Any 
single factor, such as the temperature gradient, is rarely a limiting factor in the 
survival of the species, although it may have far-reaching effects on the quality 
of the individuals making up the population. 

These conclusions are not contradicted by reports of rapid shell graflth in 
southern oysters (Ingle 1950). Although 3- to 4-inch oysters are frequently grown 
in the Gulf States in a year's time and 6-inch oysters in 30 months are not rare, 
oysters occasionally attain a length of 3 inches in 6 months in the Chesapeake Bay 
and 6-inch specimens have been reported that were only 17 months old (Beaven 1952). 
Because of the hibernation period at this latitude, these 6-inch specimens repre
sent approximately 15 months of growing time. Surprise has been expressed in the 
literature (Gunter 1951) that Gulf oysters may increase as much as 0.3 roms. per day 
in shell length, but this may be compared with the 6-inch Chesapeake Bay oysters 
which must have grown at similar or faster rates. All of these examples describe a 
few unusual oysters or oysters growing under exceptional Circumstance, and hence do 
not present a true picture of average growth rates. Moreover, oyster-shell length 
is of only relative importance in determining meat yield. In South Carolina, for 
example, clustered reef oysters \nth an average length of 3 inches are harvested 
when 2 years old and yield approximately 42 ounces of meat·s per standard bushel. Se
lect single oysters growing in this area may require 3 years to attain the same length, 
but yield up to 120 ounces of meats per bushel. 

In discussing the reasons for the apparently greater meat yield of oysters grown 
in colder waters, we need not consider the obvious differences resulting from the 
harvesting of cultivated oysters in the North as contrasted with the harvesting of 
clustered reef oysters for canning purposes in many southern areas. I should like 
to mention, however, that harvesting techniques may be of greater importance than 
the environment in determining the meat yield from oysters as well as from any other 
aquatic farm crop. 

Oysters in northern areas are harvested primarily at or near hibernation tem
peratures when they have naturally accumulated the maximum amount of food reserves. 
In southern areas, where hibernation temperatures are the exception, the oyster does 
not build up l arge food reserves in its tissues and during the harvesting season its 
energy requirements are supplied by daily food consumption. As a result, the meats 

. are smaller on the average than meats from oysters harvested in colder waters. This 
hypothesis is corroborated by circumstances occasionally found in the South. In some 
years sudden increases in water temperatures well above the level necessary for mass 
spawning may exist for some time before any spawning takes place in the spring (Hopkins 
1935). In my opinion this is because the oysters, haVing little stored glycogen a
vailable, require days or even weeks to accumulate sufficient food material for the 
maturation of the gonads. Geographical differences in oyster-meat production have 
in the past been attributed to salinity differentials in the growing areas, i.e., 
greater production from more saline waters. However, I su~gest that the effects of 
the temperature gradient offer a more logical explanation for these production dif
ferences. 

~ve should recognize why oysters living in cold waters are able physiologically 
to store I:lore food reserves than warm-water animals. The reasons underlying this 
condition justify the conclusion that northern oysters grow faster than southernoys
terse Scientists have learned that the rates of many biological processes are de
pendent on temperature. The temperatUre coefficient for such biological processes, 
or QlO as it is called, is approximately 2. This means that for each 10-deJree rise 
in temperature within the tolerance levels of the animal, the speed of metabolic ac-
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tivity is approximately doubled. In the case of the oyster , we lIlc1y interpret this 
to mean that month by month throuGhOut the year, minimum food und oxygen require
ments of the southern oyster are about twice as great as for the no~hern oyster. 
Since this greater food requirement is accompanied by a presumed decrease in food 
availability in the South, it appears r easonable that southern oysters h~ve to de
vote much more of their energies to the problem of exist in . Although water pump
ing and feeding rates may be similar at different temperature levels, tho percent
age of food consumed which can be devoted to body building , that is to owth and 
to storage, must be significantly groater in New Engll1Ild , for exa:nple , than it is 
in the South Atlantic and Gulf areas . 

SUMMARY 

1. Field and experimental observations indicate that volume rather than 
the customary length measurements provide a more critical evaluati6'n of o'Nth in 
the oyster. 

2. The ratio of total oyster volume to shell volume provides a useful sin
gle index for estimating the meat- yielding potential of an oyster population when 
continuing observations are impractical. 

3. Oyster growth varies geographically, responding to differences in the 
latitudinal temperature gradient. 

4. Oysters in the latitude of Chesapeake Bay tend to grO .1 foster and pro
duce more meat in unit time than oysters growing north or south of this region. 
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