












































































































there is no area south of the navigation channel which will, with 

a high probability, provide sets in Babylon waters since most of 

this region seems to exchange regularly during surmnertime conditions 

with the ocean through Fire Island Inlet on a time scale shorter 

than the time for setting to commence, i.e., 7-8 days. On the other 

hand, the area north of the navigation channel will provide good 

sets in eastern and central Islip between days 16-18 and a late 

set (days 17-20) in Babylon. This is shown in Figures 22-26 for a 

brood stock locations just east of Babylon Cove. 

Some late sets (16-18 days) from Islip brood stock will also 

occur in eastern Babylon. See Figures 16 and 18. 

Discussion 

The computed distributions of the 100 particle releases 

(Figures 9-26) may be used to estimate the distributions of hard 

clam larvae as a function of age (step 7) if we take into account 

the following factors: 

i) the mortality of the larvae, and 

ii) the absence of vertical velocity shear in the model. 

Mortality can be taken into account if we assume that the rate 

of change of larval population at any time t, because of death, 

predation, and other unspecified causes dilution), is proportional 

to the population at the same time t. That is 

or 

• 

45 
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(8) 

where Ni is the number of hard clam larvae contained in the population 

at time t and k is the fractional rate of change in population per unit 
rn 

time due to death, predation, etc. but not dilution. Little is known 

as to the proper value of k • One of us (Carter 1981) estimated its 
m 

magnitude at 0. 758 eay-I by reanalyzing data taken in Little Egg Harbor, 

New Jersey during 1948, 1949, 1950, and 1951 by Carriker (Carriker 

1961). This value represents a survival after 18 days of only slightly 

more than one larvae for every million eggs spawned and fertilized. 

In the absence of any better information it is the value we will use 

in the analysis that follows. 

As pointed out earlier, our numerical model (CAFE), which was 

exercised to simulate the velocity field within the Bay (step 1), 

produces vertically integrated horizontal velocities at the nodal 

points. This means that t:1e enhancement of horizontal diffusion by 

the combined effect of vertical shear and vertical diffusion has not 

been included in our larval dispersion model (step 6). These processes 

are very important in spreading larvae or dye which, unlike drogues, 

are not constrained to one level. we can estimate the effect of 

vertical shear and vertical diffusion on our particle clusters, however, 

from some results contained in Carter and · .. Okubo (1965) and the 

following. 

Let cr2 be the (radially synunetric) horizontal variance associated 
0 

with the initial distribution of a dye patch. Then the variance cr2 
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of a dye patch dispersing from an initial size may be given by 

o2 + o2 Ct) 
o re 

where o2 (t) denotes the variance of dye from an initial point source. re 

In our case, o 2 is given by 
0 

where a= b = 75 m and a2 = 3750 m. According to Carter and Okubo (1965), 
0 

for values of t > t · where t % 3 hours, 
c c 

or particles and 

a2 (t) 
re 

o 2 (t) 
re 

2 = - A Q t 2 
13 y y 

for drogues 

for dye or larvae in well-stirred shallow waters. In Equations (11) 

and (12), A and A are the eddy diffusivities in the horizontal 
y z 

(069°/249°T) and vertical directions, and Q and Q the horizontal 
y z 

and vertical shears. From Equations (11) and (12) we have 

o2 (larvae or dye) Q 2 A ~ 
_r_c ________ = (l + (~) ~) 

0
2 ( . ) Q A particles y y 
re 

In Great South Bay, 

Q = 10/300 = 3. 33 x 10 - 2 s - 1 (typically) , 
z 

n 10-s s-1 (calculated from CAFE model results), 
y 

A = 10 cm2 s-1 (estimated), and 
z 

A = 4 x 104 cm2 s - 1 (Carter 1981) • 
y 

(9) 

(10) 

(11) 

(12) 

(13) 



Thus 

02 
re 

(larvae or dye) 

02 (particles) 
re 

= 50 

we have calculated o 2 (t) from four of the 100 particle 
re 

releases, one on the boundary between Babylon and Islip (A), one 

in the area owned by the Blue Points Company (+),and two in 

Brookhaven waters (X,[J). The locations are shown on Figure 1. 

On Figure 27 we have plotted these calculated values of cr2 (t) as 
re 

a function of time together with o2 (t) estimated from dye studies 
re 

conducted in GSB in 1976 and 1980 (Carter 1981). The ratio of the 

variances is estimated from Figure 27 as 49-63 which agrees reasonably 

well with Equation (14). The line of slope t 2 •5 passing through 

the calculated points was drawn by eye. 

It is clear from the forgoing that the variances calculated 

from the four 100 particle releases are low by a factor of ~ 50 as 

a result of the absence of vertical shear and vertical diffusion 

in our model of larval dispersion. Had these processes been included, 

the particles would have been much more widely spread (the areas 

within the envelopes would have enclosed areas ~ 50 times larger 

than those shown on Figures 9-26). In the analysis that follows, 

therefore, where o2 is called for we will use the following relation 
re 

from Carter (1981) vice our calculated variances from the particle 

releases 

a2 = 0.084 t
2

·
08 

re 
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(CARTER 1981) 
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x,s BROOKHAVEN 

* SEE FIG. I FOR LOCATIONS 

101 

t , days 

Figure 27. Variance as a function of time or age calculated from 
four of the 100 particle releases compared to variances 
estimated from dye studies (Carter 1981). Locations 
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Horizontal diffusion in the sea cannot, in general, be adequately 

described by a Fickian-type diffusion model, i.e., diffusion character-

ized by a constant coefficient of eddy diffusion (the turbulent 

eddy diffusivity). It is also fair to say that today (1983); there 

is no theory by which eddy fluxes of a diffusing substance can be 

predicted a priori. Frequently, however, by converting the actual 

concentration distribution to a radially symmetric equivalent one, 

the spatial distribution of the concentration, Cd, of a diffusing 

substance such as dye tracer can be well described by a two-dimensional 

Gaussian distribution, that is 

exp{-
r 2 

e } 

cr 2 (t) 
re 

where M/D denotes the mass of dry dye released per unit depth, D, 

and cr 2 (t) is the variance of the radially symmetric equivalent re 

distribution whose isolines of concentration enclose areas equal to 

those of the actual irregular concentration distribution. r , the 
e 

radius of these circular isolines of concentration is, therefore, 

defined by /area/TI . 

For larvae, Equation (16) can be rewritten as 

= 
NQ.,O 

TIO 2(t) 
re 

k t} 
m 

where NQ.,O is lie number of hard clam larvae at t = 0 (fertilization) , 

Ai is t he area contained within a circular isoline of larval concen-

tration, c 2D, which is the setting density or number of larvae at 

55 
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some later time t in a water column of depth D and 1 rn2 in cross-

sectional area. Nt,O has been multiplied by the factor exp (-kmt) 

to take into account larval mortality in accordance with Equation (8). 

Equation (171 can now be used to calculate the setting density, C.9,D, 

and total set, N*, for the 3 model runs shown in the Results section 

(pp. 28-45) if we assign appropriate values of N
110

, or~' At' and km. 

To illustrate the methodology, we shall consider the brood stocks to 

consist of 1000 bushels each of chowder-size clams. 

We shall assume that k = 0.758 days- 1 and that a 2 (t) is given 
m re 

by Equation (15). Our basis for this has been provided in an earlier 

section. If we further assume that half of our brood stock clams 

are female and that their fecundity is 6 x 106 eggs/clam (Bricelj 1979), 

then 

Nt 
0 

= (500) (200) (6 x 106) = 6 x ioll larvae 
I 

since there are ~ 200 chowder-size clams per bushel. 

Upon drawing envelopes of the particle clusters by eye and 

planirnetering the enclosed areas, we found that the ratios of these 

areas (labeled A) to the values of a 2 (calculated from Equation (15)) 
p re 

were approximately constant. See Table 2. This means, according to 

Equation (17), that these envelopes do not represent isolines of c1n 

but rather constant values of c1o/(Nt,O/~ar~). Accordingly, if we 

substitute AP for A1 in Equation (17), values of C.9,D can be assigned 

to the envelopes knowing A /~a 2 , Nn 
0 

and a 2 (t). CnD can subsequently 
p re :1v, re :1v 

be adjusted downward to take mortality into account. 



Table 2a 

N*, the Total Number of Hard Clam Larvae within the Cluster Envelopes 
For a Sitea in Brookhaven Waters as a Function of Time of Set 

b c * d Required e 
t,days A m2 a2 m2 A /Tia2 k ,day- 1 

NR. 0 Ct D N Survival, % p' re' p re m __ ,_ 

10 2. 90 x lif> 1.87 x 10 7 0.049 0.758 6 x 10 11 4.96 l.47XlQ7 0.38 

11 3 .12 x Hf 2.28 x 107 0.044 0.758 0 x 10 11 1.92 6 .18 x 106 0.90 

12 3.27xl06 2.74xl0 7 0.038 0.758 6 x 10 11 0.75 2. 51x106 2.22 

13 3. 95 x 106 3.23 x 107 0.039 0.758 6 x 10 11 0.30 1. 21 x 106 4.60 

14 4 .11x106 3.77 x l0 7 0 . 035 0.758 6 x 10 11 0.12 5.08x10 5 10.94 

15 4.37 x 106 4.35 x 107 0.032 0.758 6 x 1011 0.05 2.18 x 10 5 25.50 

16 4. 51 x 106 4.98 x 107 0.029 0.758 6 x 1011 0.02 9.27><194 59.98 

17 6 .68 x 106 5.64xl07 0.031\ 0.758 6 x 1011 0.01 5.08><104 >100.00 

18 5 .88 x 106 6. 36 x 10 7 0.029 0.758 6 x 10 11 <0.01 2 .04 x 104 >100.00 

a Site shown in Figs. 9-17 

b From Eq. (15) 

c From Eq. (17) 

d From Eq. (18) 

e Assuming they gr ow to littleneck size 

Lil 
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Table 2b 

N*, the Total Number of Hard Clam Larvae within the Cluster Envelopes 

For a Sitea in Babylon Waters as a Function of Time of Set 

b c * d e 
t,days A rn2 a2 m2 A /na2 k ,day-1 

N£ 0 CR. D N Required 
p' re' p re rn Survival, % __ ,_ --

10 1.50 x 106 1. 87 x 10 7 0.026 0.758 6 x 10 11 5.08 7. 72 x 106 o. 72 

11 1.68 x 106 2.28x10 7 0.023 0.758 6 x 10 11 1.96 3. 32 x 106 1.67 

12 1. 35 x 106 2. 74 x 10 7 0.016 0.758 6 x 10 11 o. 77 1.05 x 106 5.30 

13 - - - 0.758 6 x 10 11 

14 2 .89 x 106 3. 77 x 10 7 0.024 0.758 6 x 10 11 0.12 3. 56 x 10 5 15.62 

15 2 .62 x 106 4.35Xl0 7 0.019 0.758 6 x 10 l ! 0.05 1.32 x 10 5 42.12 

16 3.07Xl06 4 .98 x 10 7 0.020 0.758 6 x 10 11 0.06 6. 30 x 10 4 88.25 

17 3.67Xl06 5 .64 x 10 7 0.021 0.758 6 x 10 11 0.01 3.llxl04 >100.00 

18 - - - 0.758 6x10 11 - - >100.00 

19 4.94 x 106 7 .11 x 10 7 0.022 0.758 6 x 10 11 <0.01 7. 30 x 10 3 

20 3.87Xl06 7.91Xl0 7 0.016 0.758 6x1011 <0.01 2 .42 x 10 3 

a Site in Figs. 22-26 

b From Eq. (15) 

c From Eq. (17) 

d From Eq. (18) 

e Assuming they grow to littleneck size 



Table 2c 

N*, the Total Number of Hard Clam Larvae within the Cluster Envelopes 
For a Sitea in Islip Waters as a Function of Time of Set 

b c * a . de 
t,days A m2 a2 m2 A /na2 k ,day-I 

NR. 0 CR, D N 
Require 

p' re' p re m . __ ,_ Survival, % 

10 2 .94 x 106 1.87 x 107 0.050 0.758 6 x 1011 4.96 l.53Xl07 0.36 

11 3.33Xl06 2.28 x 107 0.046 0.758 6 x 1011 1.91 6. 51 x 106 0.85 

12 3. 56 x 106 2.74Xl07 0.041 0.758 6 x 1011 0.75 2. 73 x 106 2.04 

13 4.35Xl06 3.23 x 107 0.043 0.758 6 x 1011 0.30 1. 32 x 106 4.21 

14 4 .24 x 106 3.77Xl07 0.036 0.758 6 x 10 11 0.12 5.2ox105 10.69 

15 4 .16 x 106 4.35Xl07 0.030 0.758 6 x 101 l 0.05 2.08 x 10 5 26.73 

16 - - - 0.758 6 X lQll 

17 ~ - - 0.758 6 x 1011 

18 5 .15 x 106 6. 36 x 10 7 0.026 0.758 6x10 11 <0.01 1. 81 x 104 >100.00 

a Site shown in Figs. 18-21 

b From Eq. (15) 

c From Eq, (17) 

d From Eq. (18) 

e Aseuming they grow to littleneck size 

U1 
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The total number of larvae, N*, within the envelopes at any 

setting time t can be estimated from 

IA hr 

N* = I p CQ,D 

0 

27Tr dr 
e e 

or 

N* = N exp(-k t) (1- exp(-A /mJ 2)] 
2,o m p re 

Values of N* are also listed in Table 2. 

Based on current market values (November 1983) of $0.05/clam 

for chowders and $0.18/clam for littlenecks, it is necessary to 

harvest at least 3.6 littlenecks for every chowder purchased for 

brood stock for a spawner sanctuary of 1000 bushels to be cost 

effective. To put it another way, we must harvest, over the life of 

the brood stock, 5. 56 x 104 li ttlenec:ks to break even. In the last 

column of Table 2 we have converted this requirement into percent 

survival between setting and littleneck size. It should be noted 

that each year's set does not have to result in S.S6x104 littlenecks--

only the total over the life of the brood stock. 

Unfortunately, the data in Table 2 cannot be directly interpreted 

in terms of harvest. There are other factors not previously considered 

which must be taken into account. Most importantly, our analysis has 

not included post-set predation. It is fair to say that almost all 

benthic organisms such as blue, spider, mud, hermit, and horseshoe 

crabs, snails, oyster drills, etc. are post-set predators. The 

(18) 

(19) 



principal predators in GSB on clams between 4.5 and 20 nun are oyster 

drills and mud crabs according to MacKenzie (1977) whereas adult clams 

are preyed upon primarily by whelks and moon snails (Green 1978). 

Moon snails are less abt:.ndant in GSB than whelks which are found in 

greater numbers in the higher salinity waters near Fire Island Inlet. 

In a declining resource, man must also be considered a serious predator 

of young adult clams. 

The information available suggests that the smallest clams suffer 

the greatest mortalities; eventually clam~ become ~mpervious to attack 

except from whelks. Therefore the densest clam populations should 

exist where predators are non-existent or scarce. MacKenzie 

characterized the one site he sampled i n north-central GSB as one 

where the predator to live clam ratio was low (1/3.9). On the other 

hand, Greene stated that areas of high predator density do exist in 

GSB. The magnitude of predation can also be inferred from MacKenzie 

(1977) wherein he reports an 8-fold increase in clam density on a 

bed in GSB four years after predator reduction by means of a single 

application of poison. It is clear from our calculation of CiD, the 

setting density in clams m- 2 (~ 5 m- 2), that areas where the densities 

of oyster drills and mud crabs are greater than 1 per m2 are apt to 

be areas where losses of juvenile clams will be substantial. Little 

is known, however, of the baywide distribution of these predators. 

We wonder whether the areas designated as productive by the various 

towns are coincidentally areas of low predator density. 

61 



62 

On a more positive note, we should point out that t h e particle 

envelopes contain only 2-5% (N*/N
0 

exp(-0.758 t)) of the potential ,,, ,o 

set; the other 95-98% either set outside the envelopes at quite low 

densities where presumably, some survive to market size or are 

discharged to the ocean through Fire Island Inlet. For most of GSB, 

the residence time is greater than the time to set and this latter 

fate is unimportant; however, portions of Babylon south of the east-

west navigation channel exchange with the ocean through the Fire 

Island Inlet on a time scale of ~7 days because of the long period 

(T = 7 days), wind-driven , circulation mode described earlier consisting 

of flow in from South Oyster Bay (directly driven) and out through 

Fire Island Inlet (Ekman force d) under the influence o f westerly 

winds, the predominant summertime condition (Fig. 3). 

It should also be emphasized that t h e numbers in Table 2 will 

increase in direct p ropo rtion to the number of spawnings. For that 

reason, spawner sanctuaries should be viewed as long term solutions 

and not abandoned, if after 1-2 years, no measurable results have 

emerged. 

Several strategie s can b e employed to improve the d ark picture 

painted thus far. First of all, setting densities can be increased 

by adding additional spa wner stock; the setting density, CQ.D, will 

increase in direct proportion to the increase in brood stock. 1000 

bushels of brood stock should be viewed only as a point of reference 

for our calculations. Finally , more attention should be paid to 



predators, their species, their distributions, their densities (both 

juvenile and adult), and the potential for reduction through mechanical 

or other methods. Suggested devices for predator reduction together 

with sketches are described in MacKenzie (1979). Since by means of 

the rationale described herein, the probability of setting on 

prescribed areas will be maximized, it seems to us that predator 

reduction has considerable merit as a next step in hard clam management. 
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