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ABSTRACT 

T HE STARFISH (Ast erias f Ol'bes i Desor) is one of the most 
destructive enemies of shellfish on the Atlantic coast of Nor th 

America, the extent of its damage to the oyster indu try of Long 
I sland Sound alone being e timated at $500,000 a yea r. E ffo r t to 
eradicate this pest, though made for at least a cen tury, have been 
largely um1,a il ing. 

The method here presented of combating starfish suggests the 
use of quickl ime, the destructi,e effect of which is produced by 
direct can tact. Pa rticles of the chemica I pread over oyster beds 
quickly sink to the bottom, and, falling on the starfish, are imbedded 
in the delicate skin . The caustic action of slak ing lime di inteO'rates 
the membra ne, and the lesion rapidly increase in size. After sev­
eral days the wOUl1ds penetra te the body wall and expose the inter­
nal organs. Death usually follow in a shor t time. 

Once spread o,er the oyster beds. the lime retains its effectiveness 
for some t ime. Sta rfi sh not hi t directly by the descending par­
t icles will eventually come in contact wi t h them when crawling 
a long the bottom. I n the course of time their lower surfaces will 
become affected and disintegration will begin. The cheapness of 
lime, the simplicity of its a ppl ica tion, and its compa ra tive har mle s­
ne_ to oysters and many other commercial species all ind icate that 
it is a practical weapon for use against the inroads of tarfish on 
oy tel' beds. 
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INTRODUCTION 

The common starfi h (A ste1'ias f01'besi) has long been regarded 
as one of the most de tructive enemies of shellfishes on the Atlantic 
coast of North America. The greatest part of the loss caused by thi~ 
pest is borne by the oystermen, who often fu1d their stock depleted or 
entirely destroyed. Beds populated with seed oysters are especia1ly 
vulnerable. Regardless of constant efforts in combating them, star· 
fish continue to be very numerou , destroying annually several hun· 
dred thousand bushels of oysters in Long I sland Sound alone. The 
extent of the damage caused to the oyster indu try of L ong Island 
Sound by starfish is estimated to be approximately $500,000 a 
year. In addition to the direct loss caused by the destruction of 
seed and marketable oy tel's, the industry spends large sums for 
operating starfish boats, handpicking starfish on dredge boats, amI 
eliminating them by other methods. It is estimated that the oyster· 
men of Connectic'ut expend $100,000 to $150,000 a year for this 
purpose. 

The scallop; another valuable mollusk of the Atlantic coast, also 
suffers greatly from attacks by starfish. In spite of its swimming 
habits, the scallop often becomes a prey of the sluggish starfish . In 
1931 the popUlation of the natural scallop grounds of Buzzards Bay 
was seriously depleted through starfish depredations. The Massa­
chusetts Division of Fisheries and Game reported that the value of 
the scallop industry in Buzzards Bay decreased from $795,000 111 
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Since mechanical control of starfish on oyster beds is not very 
effective, the possibility of employing some toxic substance for 
their eradication suggested itself. Although the body of the star­
fi sh is enclosed in a skeleton of articulating calcareous plates set 
with r ows of blunt spines, or ossicles, and appears to be rigid and 
well protected, its surface is covered with a delicate membrane. 
Between the ossicles protrude the thin contractile branchiae which , 
when fully extended, provide for a gaseous exchange between the 
sea water and body fluids. The delicate membrane covering the 
branchiae can easily be affected by various chemicals. These ana­
tomical features make the starfish much more vulnerable than the 
oyster and some other shellfishes, which , by keeping their shells closed , 
protect their bodies from the injurious effects of poisons. 

Experiments leading to the development of a method for chemical 
control of starfish have been conducted for several years (Galtsoff 
and Loosanoff 1939) . In early experiments substances such as cop­
per sulfate were used. Although this chemical proved lethal to 
starfish, several disadvantages attended its use. Large quantities 
were needed to create a lethal concentration; a procedure too ex­
pensive to be practical. A further disadvantage was the fact that 
in using it many other Inarine organisms also were killed. 

METHODS 

Experiments on the destruction of starfish by the use of calcium 
oxide, or quicklime, have been carried on since 1937 at Milford Lab­
oratory (Loosanoff and Engle 1938) . The possibility of using cal­
cium oxide for combating starfish was first suggested by 'Vood 
(1908), who recommended the building of a barrier around the 
oyster beds by placing lime on the bottom in paper bags. In the 
course of time the water would disintegrate the bags, thus exposing 
the lime. The caustic nature of lime would prevent starfish from 
crawling over the barrier. Wood's method was primarily devised 
to restrict the movement of starfish from one area to anotller, but not 
to exterminate them. 

The new method consists of spreading the lime uniformly over 
the starfish-infested bottoms. As demonstrated by observations of 
Loosanoff (1937), starfish are slow-moving animals, staying in ap­
proximately the same places for long periods. Therefore, starfish 
on the treated areas cannot move to untreated areas rapidly enough 
to avoid contact with the lime. 

At present, various devices are being developed by oystermen and 
by lime-manufacturing companies for releasing the lime near the 
bottom and for its uniform distribution over the treated areas. 
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Figure 1 shows in detail the apparatus suggested by the authors, 
which is based upon features taken from several different devices. 
Granulated lime is placed in the hopper (A) which is capable of 
holding several bags of material. By opening the trap door (B) dry 
lime enters the mixing chamber (0) where a strong stream of water 
produced by the pump (D) keeps the falling linle particles in sus-

A 

, 
I 

I , , , 
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121" 0 1FT. 
L 7 f ? I 

FIGURE I.- Diagram of apparatus for spreading lime on sta rfish-infested bottoms. 

pension and forces the mixture through the ho e line (E) to the 
distributing pipe (F) . The efficiency of the apparatus may be 
increased further by placing a second pump on the other side of the 
mixing chamber. The hose line (E) i attached to the towing chain 
(J) by a series of metal rings that keeps the line from forming 
sharp bends, or kinks, which would interfere with the normal flow 
of the lime and water mixture. The towing chain is attached to a 
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regular dredge hoist by means of which the chain and hose line 
can be paid out to a de ired length. The distributing pipe (F) is 
perforated with several holes (H), % -in. in diameter, through which 
the lime suspension is forced upward and backward in geyserlike 
jets. In some cases it may be advantageous to perforate the distrib­
uting pipe with horizontal slits several inches long and about % -in. 
wide in lieu of the round holes. The holes (H) of the distributing 
pipe (F) should be so situated that they can direct the jets of lime 
upward and backward. Such position of the holes will permit a 
more uniform dispersion of lime particles before they settle to the 
bottom. A pair of wheels, or kids (G) are attached to the distrib­
utor to keep it between 1 and 3 feet off the bottom. 

ACTION OF LIME ON STARFISH 

The effectiveness of the method depends upon the direct contact of 
lime with the body of the starfish. Particles of lime fall upon the 
surface of the starfish and imbed themselves in the membrane cov­
ering the animal. The action of lime disintegrates the delicate mem­
brane and creates lesions. The lesions increase rapidly in size, in­
volving the branchiae and other structures on the dorsal surface of 
the starfish. After several days the lesions penetrate the body walls. 
When this stage is reached the internal organs of the animal become 
exposed and death usually follows very shortly. 

Starfish which are not hit directly by the lime during application 
will eventually come in contact with it when crawling over the 
bottom. Since the chemical ret-ains its effectiveness for some time, 
very few starfish will escape its action. In the course of time the 
lower, or oral surface of these animals will become affected, and 
disintegration will then set in. 

HEALING OF WOUNDS 

It was noted that not all the starfish affected by lime died. On the 
contrary, cases were recorded when the wounds healed and injured 
structures regenerated. To ob erve the recovery of starfish from 
wounds caused by lime, several experiments were performed. One 
experiment was conducted to determine whether a starfi h will autot­
omize a ray affected by lime. In this experiment 5 starfi h were 
placed in an aquarium with running water, and a small piece of lime 
was placed on 1 ray of each animal. After several hours the lime 
wa removed. Burned spots had formed on each ray treated. Soon 
after the beginning of the experiment 4 of the starfi h displayed 
shallow wounds, and the fifth animal had a deep wound that pene­
trated the body wall. Parts of the digestive gland protruded from 
this wound. The starfish were kept under observation for a period 
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of 21/2 months. During that time none of them died, and not a 
single case of autotomy occurred. About 3 weeks after the beginning 
of the experim.ent, wounds on several starfish began to show signs of 
healing. The healing process, however, was very slow. Scar tissue 
that formed over the affected areas persisted for a long time. 

Another experiment with 6 starfish was begun on Feb. 1, 1938. As 
in the previous experiment, 1 ray of each starfish was treated with 
li~. In this case, however, larger quantities of the chemical were 
used. ,i\Ti thin 2 days after treatment large wounds were formed on 
the rays touched with lime. Several days later the wounds pene­
trat.ed the body walls, exposing the internal organs. Soon 3 starfish 
disintegrated and died. The other 3 survived and began to show 
signs of healing after a period of several weeks. Regeneration 
proceeded quite slowly. By the end of August, almost 7 months 
after the beginning of the .experiment, the wounds healed, but micro­
scopic examination revealed that the areas affected possessed smaller 
nwnbers of spines, pedicellariae, and branchiae than the correspond­
ing normal areas. Some of the newly formed spines showed definite 
deformit ies. 

Many cases of healing of wounds and of recovery were noted on the 
starfish brought to the laboratory from the natural oyster beds 
where the lime treatment was tried. It appeared that recovery 
depends upon the number and character of wounds suffered by each 
individual, as well as upon escape from attack by other animals. 
Numerous observations made in the course of this work showed that 
affected starfish, especially those having their internal organs pro­
truding through the body walls, were attacked and eaten by healthy 
starfish and by other animals, chiefly crabs. 

It was also noted that seriously affected starfish stopped feeding 
and moving, while lightly affected individuals continued to move and 
feed quite normally . In several instances wounded animals also 
were observed in the act of spawning. 

ERADICATION EXPERIMENTS 

LABORATORY STUDIES 

To test the efficiency of lime treatment, laboratory studies were 
carried on in large outdoor tide-filling concrete tanks and in labora ­
tory aquaria of 15-gallon capacity. Experiments in the tanks were 
begun in winter, when the water temperature was at or near the 
freezing point, and were continued until summer. Experiments in 
the aquaria were usually carried on at room temperature, ranging 
from 17 to 20° C. Unless otherwise stated, the water in the aquaria 
was not changed during the run of an experiment. Because the 
lime was obtained in barrels, each containing 280 pounds, the experi-
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m~nts were conducted on the basis of a certain number of barrels 
per acre, with correspondingly small quantities used in the tanks 
and aquaria.1. 

The first series of experiments was conducted to establish the rela­
tive effectiveness of finely granulated and coarse grades of quicklime, 
and to determine the concentration of lime needed to kill starfish. 
One experiment was begun on D ec. 17, 1937, in a tank 10 feet wide 
and 20 feet long in which 20 starfish were ' placed. A quantity of 
lime corresponding to 3 barrels (840 pounds) per acre was then 
spread over the bottom. The lime used in this experiment was of 
a coarse grade, the bulk of which consisted of lumps ranging in size 
h om 0.5 to 5.0 cm., but also containing finer particles resulting 
from crumbling. 

Examination '48 hours after the beginning of the experiment 
showed that the 'membranes of the animals hit by lime particles were 
disintegrating, numerous large and small lesions having formed on 
the aboral surfaces. In the parts affected many pedicellariae and 
tubular branchiae were destroyed, and spines were devoid of 
membrane covering. 

At the end of the experiment the tank was emptied and the condi­
tion of starfish noted (table 1). Of the original 20 starfish , 10 were 
dead and decomposed (pI. 1, upper). All these animals had large 
lesions on their aboral surfaces which were inflicted by particles 
of lime imbedded in the membranes. The 10 starfish which sur­
vived were either slightly affected or not affected at all. The 
slightly affected animals had only a few small lesions on their aboral 
surfaces, the extent of injury depending upon the number and size 
of lime particles which had touched them. In some cases the ends 
of the rays and lower surfaces of the starfish were burned (pI. 1, 
lower) . Apparently these starfish came in contact with the lime while 
crawling on the bottom. The healthy animals which were not hit 
by falling bits of lime crawled up the walls of the tank soon after 
the beginning of the experiment and remained there throughout its 
duration, thereby avoiding contact with the chemical. 

The temperature of the water in the tank during the experiment 
was near 2.00 C. Before the addition of lime the pH of the water 
was 8.0. After the addition of lime it rose to 8.2 and remained at 
that level for 24 hours, after which it decreased to 8.0. 

From the above-described experiment it can be concluded that only 
those starfish that came in contact with the lime were affected. A 
coarse grade of lime, when used at a concentration of 840 pounds per 

1 Lime used in most of the experiments was furnish ed through the courtesy of the New 
Brunswick Lahoratories, I nc., New Yor k City. When delivered, it contained about 93 per­
cent of available calcium oxide. 

4161 36-42-2 
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acre, did not cover the bottom evenly, permitting many starfish to es­
cape. All starfish injured in the experiments were affected by particles 
of lime falling on their aboral surfaces or by coming in contact 
with the lumps lying on the bottom. The change in pH produced 
by adding a large quantity of lime to the water was not radical 
enough to create conditions which would kill starfi sh. 

Simultaneously, a similar experiment was conducted in an adjacent 
tank in which granulated lime was used. After placing 20 starfish 
in the tank, the lime was spread over the surface of the water at 
a concentration of 840 pounds per acre. The particles of lime covered 
the entire bottom of the tank, and therefore fell on every starfish. Ex­
amin ation of starfish 24 hours after the beginning of the experiment 
sho"ed many small fragments of lime imbedded in their aboral 
surfaces, causing disintegration of the membrane. Numerous small 
wOlmds were already vi ible. On the oral surfaces all the structures, 
including the tube feet , were seriou ly injured by crawling over the 
lime. The tube feet were abnormally slimy and their epidermal cover­
ing was disintegrating and peeling off. A few individuals had moved 
a short distance, but the majority remained in the same position as at 
the beginning of the experiment. 

T~BLE I.-Effect of lime upon starfish; number and day of death 

[20 starfish were used in each experiment1 

Condition of test specimens 
Conc e ntration (pounds per acre) 1-----,---------,------,-----.---.------.-----.---.-----

and grade of lime First Second Third Fourth Fifth SL~th Eighth Tenth TwelIth 
day day day day day day day day day 

840 pounds , ___________________________ _____ ____ _______ _ 
840 pounds , __ __ __ __ (3) (') 6 7 
560 pounds ,________ (3) (') 3 4 
280 pounds ,________ (3) (') 1 2 
ControL________ ___ (') (6) (') (6) 

1 Coarse_ 2 Granulated. 3 AU injured. 

(') 

2 
3 

10 
9 

(') 

1 
4 
2 
8 

2 4 
1 ______ ___ ________ _ 

(') (') 

4 Many di s integrating. 5 Alive 

At the end of the second day the color of the starfish had changed 
to pale red, resembling that of a cooked lobster, and the aboral 
surfaces showed many destroyed pedicellariae and branchiae. The 
ambulacral grooves and spines on the oral surfaces were covered with 
white spots caused by contact with the lime. The tube feet were 
severely burned. Many animals began to disintegrate while still 
alive, and disintegration progressed still further the next day (pI. 2). 
At the end of 5 days 16 starfish had disintegrated completely 
and died, while the 4 others died on the sixth day. This experiment 
demonstrated that finely granulated lime covered the bottom more 
evenly than the coarse grade and was, therefore, more effective in 
exterminating starfish. 



Research Report 2. Fish and Wildlife Service Pi, le I 

Sta rfi h in advanced tages of disintegration, showing aboral su rfaces affected by 
li me. Note large wounds penetrating the body walls and exposing inte l'll :d 
organs. 

tarfish with t ips of rays a ffected by crawling over li me-covered bottom. 
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A B 

c o 

Efl'ect of g mnulat ed l ime on a starfi sh. .\ , normal animal; B, immediatel.\· afte r 
being touched with lime particle; C, same animal 1 dar lat er; D , same animal 
(3 days after beginning of experim en t ) in advanced stage of dis in tegration. 
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The water temperature in the tank during this experiment wa 
near 2.0° C. Before the addition of lime the pH of the water was 
8.1 and it rose to 8.5 after the addition. A day later it decreased 
to 8.3, as compared with 7.9 Of the control tank. Two days later 
the pH of the water in the experimental tank decreased to 7.9. 

The experiments outlined above were repeated several times, and 
the results were similar to those described. 

Having established the fact that lime will kill starfish, and that 
under the conditions of the experiment granulated lime is more effi­
cient than coarse, a series of experiments was run to determine the 
minimum quantity of lime necessary to kill starfish. 

Several experiments in which the lime concentration corresponded 
to 2 barrels (560 pounds) per acre gave results essentially the same 
as in the experiments in which 3 barrels per acre were used (table 1). 

In the next series of experiments a concentration equal to 1 barrel 
per acre was employed (table 1). Twenty starfish were placed 
on the bottom of the tank and lime was spread evenly over the entire 
water surface. Examination of the starfish 24 hours after the begin­
ning of the experiment showed that all animals were hit by particles 
of lime. Their aboral surfaces were badly burned, but they were 
still alive. At the end of the second day the starfish began to dis­
integrate. One animal died during the third day. After 5 days 
12 starfish were dead and the others were either near death or seri­
ously injured and partially disintegrating. When the tank was 
emptied 3 days later all starfi h were decomposed. This experiment 
demonstrated that even as light a concentration as 280 pounds per 
acre is very effective, provided the lime is uniformly distributed over 
he entire area of the infested bottom. 

A number of check-ups on these experiments were conducted in the 
laboratory, using aquaria of 15-gallon capacity. Quantities corre­
sponding to 1, 2, and 3 barrels per acre of finely granulated lime 
were tried. In all these test the starfish were quickly killed. Even 
when the lightest concentration was employed starfish began to dis­
integrate within 24 hours, and were dead by the third day. 

The rapid disintegration and death of starfish in the aquaria experi­
ments can be attributed to the two following factors: First, because 
the lime was very evenly distributed over the bottoms of the aquaria, 
all starfish were covered with the chemical; and second, the water 
temperature in the aquaria was near 20.0° C., and the process of 
disintegration of starfish progressed more rapidly than in the outside 
experimental tanks where a much lower temperature prevailed. 

As previously mentioned, the experiments performed indicate 
that the contact of lime with the surface of the starfish's body wafO 
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necessary to cause injury. It appeared that lime in s lution wa vir­
tually harmles· to tarfi h. To solve thi que tion definitely, new ex­
periment were devi ed an 1 condu ted under laboratory condition . 
Five starfish were placed on the bottom of an aquarium and immedi­
ately covered with powdered lime at a concentration of 1 barrel per 
acre. As oon as the lime settled on the bottom another group of star­
fi h, confined in a ,yire cage, wa plac d in the aquarium. The cage was 
w pended in the water about 3 inche from the bottom. In thi way 
the caged animal , while expo ed to lime in solution, were k pt from 
direct contact with the olid particle. 

Examination of the starfi h 24 hour after the b ginning of the 
E'xperiment revealed that all those on th bottom of the aquarium 
and in contact with lime were badly affect d, wherea tho e in the cage 
were healthy and normal in appearance. At the end of 4 hours, the 
starfi ::;h on the bottom of the tank howed sign of di integration. 
They all died between the fourth and fifth days after the beginning of 
the experiment. The caged animal , on the other hand were healthy 
and feeding upon seed oy ters placed in the cage. In a final examina­
tion made 1 week after the beginning of the experiment the caged 
animals howed no ill effects from the treatment. 

The water temperature during the experiment fluctuated from 17.5 
to 20.0° C. Before the addition of lime the pH of the water wa 7.9. 
It rose to .5 after lime wa added and remained at thi point for 2 
days, dropping to 8.3 after 5 days. 

eyeral other experiment of a similar nature were conducted and 
gave virtually the same results. In one of the e experiment starfish 
were exposed to a lime solution for a period of 20 day and came out 
alive, though somewhat weakened. It may be concluded that a strong 
lime solution does not kill tarfi h expo ed to it even if the period of 
exposure is as long a 20 days. It is apparent, therefore, that the 
method of combatinO" starfish with lime will be effective only if there 
is an actual contact between the particle of lime and the body of the 
starfish. 

To learn how long the lime retain it efficacy in the water the fol ­
lowing experiments were performed : Quicklime at a concentration of 
3 barrel per acre was placed in the tank on Dec. 17, 1937, and left there 
tmtil Dec. 2 . The chemical was quite evenly distributed on the bottom. 
Of course, the lime was soon changed into slaked lime, or calcium 
hydroxide. The water in the tank was partly renewed at each high 
tide. During the experiment a thin layer of organic deposit was 
formed over the layer of lime. At the end of the ll-day period the 
tank was carefully drained without losing any lime, and then refilled 
on the next high tide. The old lime was agitated to distribute it evenly 
over the bottom of the tank. After it had settled, 25 starfish were 
placed in the center of the tank. 
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The first examination of the e starfish was made on J an. 1, 193 , 4 
days after the beginning of the experiment. All starfi h wer till 
alive but showed slight injuries, e pecially on their oral surfaces. 
The second examination, conducted 2 days later , revealed that 2 star­
fi h were seriously injured. On J an. 5, day after the beginning of 
the experiment, 6 starfish were dead. Two more tarfi h died within 
the next 2 days, and all starfish were dead at the end of 18 days. 

During this experiment the temper ature of the water in the tank 
was between 0.0 0 and 2.0 0 C. At times a thin layer of ice formed on 
the surface of the water. 

This experiment showed that granulated lime retains its effective­
ness after being in the water 11 days. H owever, its action is weaker 
than that of unslaked lime. 

A similar experiment was conducted using a coarse grade of lime. 
After being in the water for several day the lime "as agitated and 
the large lumps were broken into small pieces to cover the bottom of 
the tank. The results of this experiment were substantial ly the same 
as when granulated lime was u ed, although the coal' e lime was found 
to retain its effectivene s somewhat longer than the finer material. 
In both experiments the injuries to starfi h were confined largely to 
the oral surface. 

In another experiment the lime "as retained in the tank for a period 
of 25 days. At the end of this period the lime was stirred, and while 
it was still in su pension 20 starfish were placed in the tank. Th is 
step was taken in order to determine the effect of old lime on the 
oral surface of starfish , as was dO'1e in the two previous experiments, 
and also on the aboral surface. The temperature during the experi­
ment was near the freezing point and the pH was bet"een 7.9 and .0, 
the same as the control tank. Starfish examined 4 days after the begin­
ning of this experiment were alive, but showed small Ie ions on their 
oral and aboral urfaces. Gradually the wounds increased in size, 
and after 2 week many starfi h were in advanced stages of disin­
tegration. The first few starfi h died after several days. At the 
end of 30 days the tank 'TaS emptied and tarfi h examined. Of the 
20 animal , 11 were dead and decompo ed, and mo t of the remaining 
9 were eriou ly affected and near death. Thi experiment demon-
trated that lime kept in the water for 25 day wa till injuriou to 

starfi h in ome in tance cau ina their death. 
That a thin layer of lime putty pread on the bottom upon which 

tarfi hare crawlinO' may injure them wa a ertained under e,eral 
laboratory condition. Almo t immediately after cominO' into contact 
with th putty the tarfi h di played pronounced ign of di tre~ . 
They attempted to eleva t themselve on the tip of their ray but oon 
tipp d over began to bleed profu ely, and died within 3 or 4 day. 

In anoth r erie of experiment mall quantitie of putty weI' 
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the treatment showed 78 percent of animals from lot A, and 71 percent 
from lot B affected. Again the majority of animals were badly 
wounded, many of them disintegrating and dying. On the eighteenth 
day after the treatment 50 and 52 percent of starfish with wounds were 
found at lots A and B, respectively. However, the majority of ani­
mals had only small wounds. Apparently the starfish that were seri­
ously affected had already died, and thereafter a further decrease in 
the percentage of injured animals was noted. This was due partly to 
the invasion by new starfish from the adjacent wltreated grounds, to 
the death of some of the wounded animals, and, also, to recovery of the 
slightly injured animals. Starfish with scars caused by contact with 
lime were found as late as May 10, 2 months after the lime was used. 

TABLE 2.-Te111peratw·e and pH of water, and numbers and per centage of affect ed 
st(L1'(ish on lots A and E , Stratford natural bed, t'r eated on Mar. 11, 1938, with 
84·0 pottnds of lime per a,cr e 

[Granulated lime was used on lot A, and a coarse grade of lime on lot BJ 

Date 

Mar, 11. ............. _ ................... . 
11. .. ............................... . 
12 .... ... ............. ... ........... . 
1 . • ••••••••..•••.•..•••••... •.• .•.• . 
24 ......................... ..... ... . . 
29 .................. _ ............... . 

Apr. 6 .. . _ .. ......................... .. . . 
16 .. ....... ......................... . 
26 ....... ... ........................ . 

May 10 .. ... . ............................ . 

Date 

Mar . 11 ••.....•• __ ....................... . 
11 •.•.•••..•••••• •..•..... ...•....• .. 
12 .. . ....... .. ... ....••..••.......... 
18 ..... ....... .... . ................. . 
24 ..... ............... . ............. . 
29 .. ... ........ .. .............. ..... . 

Apr. 6 .................................. . 
16 . .. .. ... .......... . ... . .. .. ....... . 
26 ........................... ..... .. . 

May 10 ................................. . . 

1 Before addition of lime, 

T emp. 
o C . 

1.4 
1.4 
1. 5 
2. 4 
3.3 
3.6 
3.8 
6. 1 
8.3 

11. 9 

Temp. 
o C. 

1.4 
1.4 
1. 5 
2. 4 
3.3 
3.6 
3.8 
6. 1 
8.3 

II. 9 

Lot A 

pH 
NUe~.bcr Naffumtbedr N~~tber aPffeerccetendt 
ami ned ec e affected 

18.3 
'8. 5 

8.3 
8.3 
8.3 
8.3 
8.3 
8.2 
8. 1 
8. 3 

pH 

18.3 
'8. 5 

8.3 
8.3 
8.3 
8.3 
8.3 
8.2 
8. 1 
8.3 

32 
26 
23 
48 
50 
45 
69 
40 

Number 
ex· 

amined 

13 
13 
35 
52 
85 
52 
40 
39 

16 
15 
18 
24 
2l 
Jl 
15 
6 

16 
11 
5 

24 
29 
34 
54 
34 

Lot B 

N um ber 
affected 

5 
11 
25 
27 
22 
16 
6 
8 

Number 
not 

affected 

8 
2 

10 
25 
63 
36 
34 
31 

, Fifteen minutes after addition of lime. 

50 
58 
78 
50 
42 
24 
22 
15 

Percent 
affected 

38 
4 

71 
52 
26 
31 
15 
21 

The results of the experiment are somewhat different from those 
carried on under laboratory conditions in that the treatment with a 
coarse grade of lime affected about the same percentage of starfish 
as did granulated lime. This discrepancy can be explained by the 
fact that under the conditions of the test a large quantity of fine par­
ticles were carried far away by the tide before they reached the bottom. 
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M ar. 14 
14 . 
1, 
24 
2\j 

A pr. 6 
Ir, 
19 

P. ft-

11.<.\ (' ,...., I" J 

we 

I 
Lot U 

1':Il!P. pH . I ,I 

Pr ru 
rJ , J 

I 
I 

c. • umber ,'umhPr ,umber I Pt'l'O!nt 
~i~ atYccttd I aJJ~~1'd atrecl<!d 

- --~ -U --'-3 ---:-=1-.. -,-.-~ ........ _ 
20 J [, 
~.) 3 
;1.3 3 

3.6 31 
~ 9 .. i 

. 1 

6 
i 
Ii 
a 

16 

I 

H 
36 
15 
40 
20 

1 Berore addi tion or lime. , After addition ot lime. 

The third te t in this erie wa conduct d on a much Iaraer cale 
On seed-oyster ground located in New H aven H arbor. On Mar. 22. 
193 , 3 oy tel' lot were treated with granulat d lime. Lot No. 1 
compnsmg an area of 25 acre, located at a depth of approximately 
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17 f et, r c ived 320 pound of lime p r acr. 0 No.2 of th am 
iz a the fir t lot, and 1 ated at approximat Iy th m d pth 

1" ceived 480 pound of lim p r acre. Lo No. 3 15 acr m ar a 
locat d in 25 f of wat r ,a tr at d with 640 pound f lim r 
ncr. The lime wa applied by forcing it ov rboard with a st r n 
,tr am of water. ause of limited time, t.he work of pr ading th 
lime had to be carried on regardless of dir tion and velocity of tidal 
('urr nt . Much of the lim , therefor , was carried by th CUlT nt 
beyond the area intended for tr atment. 

TABLE 4.-T mpm'ature and pH of water, and numbers and percenlage of of{ ("1 d 
st,aTfl h on lots 1, 2, S tV Ilaven H arbor, f1'cat cd w i th granulated l i lll 011 

Mar. :£ , 19 8 

Dato 

Mar . 22 .................................. . 
29 .................. . ............... . 

Apr . I. ..•............................... 
6 .........................•........ 

12 ..•.•.•..•.•.•......•.. . ........... 
19 .•.•.•............................ 
26 ............•...•...•..•...•...... 

May 3 ..•......•......•................. 
10 .......•.•..•............•..•...•.. 

3.6 
3. 8 
4. 4 
5. 3 
6.1 
7.8 
9. 1 

II. 3 
10. 9 

pH Number I Number I umber I ppn'1': 
examined alIeeted atI~~~ed atIected 

1---1 
Lo t 1, depth 17 feet, 320 pounds of li me 

per acre 

8.3 ....... _ .. .. ............... . 
8.3 17 103 75 
8.3 10 &9 91 
.3 9 46 52 

: ~ I ¥~ 6~ HI'; 
8.2 6 2 4 
8.3 6 0 6 
8.3 12 3 9 

58 
49 
47 
36 
33 
33 
o 

25 

Lot 2, depth 17 fert, 480 pounds of lun,· 
per acre 

Mar. 22................................... 3.5 8.3 .......... ...... I······ 
25................................... ~. 6 8. I 
29..... ......................... .... 3.9 . 2 

Apr. I............... .................... 4. 5 . 3 
6............................... ... 5.5 8.3 
6 ....•....• . .......•..........• -., .... .. ..... --.- .... -

~::::::::::::::::::::::::::::::::::: ~: ~ ~:! 
May 3. .... ... ..................... .... .. 11. 2 8.3 

10.............. . .................... 11. 0 .3 

26 20 6 77 
I 133 35 79 
146 100 46 
149 69 0 46 
113 91 22 I 
146 84 62 
69 36 33 52 
9 58 40 59 
15 ~~ 7 53 
24 10 

Lot 3, depth 25 feet. 640 pounds of lime 
per acre 

Mar . 22 .................................. . 2. 7 3 ........... _ ... __ I ...... .. ... _ .. 
.3 115 75 40 1 65 25 • •. ..................•.••..••...... 

29 ..... .................. -....... . 
Apr. I. ................................ . 

6 •••.•.•.•............•............ 
12 .................................. . 
19 •••••••.•.•....•.....•.••.. .•••. ... 

3:.~ 2 3. 
4. 
5.3 
5.0 
7.0 

.3 72 46 2ti 64 

.3 142 51 91 36 

.3 66 27 39 41 

.4 215 92 123 1 43 

. 3 3 11 2 ~ 

Aft r th tr ntm nt all thr lot w r vi it d fr qu ntl)' and 
ampl of tarfi 'h " . r c II t d and th number f injur d animal 

(tabl 4). Th betr ' ult '''1" ben-edatlt ~ .2,whr 

m ample th p r enta f aff ct d tarfi h wa a hi hal. 
. 3 wa nd b t with 33 t P r eut of the tnrfi_h afl' t 
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The percentage of starfish affected at lot No. 1 reached 58 in some 
samples. 

Seriou ly affected starfish died within a few days after the treat­
ment. Less seriously wounded animals could be found on the beds 
for a long time after the treatment. In some cases healing of 
wounds \vas observed. Experiments performed on Charles I sland 
beds showed that even a small quantity (280 pounds per acre) of 
lime, if spread uniformly and under the proper tidal conditions, will 
destroy the majority of starfi h present. On the basis of these and 
other field experiments it was concluded that lime is an effective agent 
for the eradication of starfish on natural oyster bottoms. The efficiency 
of the treatment undoubtedly depends upon the unifonnity of distribu­
tion of the chemical over the bottom, and upon the quantities used. 

Field studies of the authors \yere corroborated by several oyster­
growing concerns. Joseph B. Glancy, of Bluepoints Company, Inc., 
West S ,)y"ille, Long I sland, N. Y., in a letter to the authors, stated that 
the results obtained by him were di tinctlyencouraging. An oyster bed 
of about 40 acres in area, located in Huntington Bay, N. Y., was treated 
on Apr. 8, 1938. The depth of water over the bed varied from 10 
to 40 feet. At the time the lime was applied, the bed had over 15,000 
bushels of oysters ranging from 2 to 4 years of age. Prior to the 
application of lime, starfish were very numerous, comprising about 
one bushel out of every 25 bushels of material dredged from the 
bottom. 

In treating the bed, 480 pOUl1ds of lime per acre were spread on the 
surface of the water. One week later 90 percent of the starfish 
captured were found to be affected, and many starfish, especially the 
larger ones, were disintegrating. Such results were apparent over 
the entire bed. The oysters and other bottom forms apparently re­
mained unharmed and the mortality of oysters due to starfish activity 
had almost ceased. The second examination of the bed, 17 days after 
the application of lime, showed that the number of starfish had signifi­
cantly diminished; only about 20 percent of the original population 
l'emaining. About 1 year after the lime treatment the oysters were 
dredged and marketed. According to Glancy, their meats were in 
excellent condition. 

EFFECT OF LIME ON ANIMALS OTHER THAN STARFISH 

The question naturally arises as to how lime used in large quanti­
ties on starfish-infested bottoms will affect other animals. Since 
oysters and other shellfishes constitute the most important branches 
of commercial fisheries in Long I sland Sound, attention was directed 
mainly upon these animals, with a few additional observations on 
other forms. 
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SURVIVAL AND GROWTH OF OYSTERS 

As a rule, in all laboratory and tank experiments with lime, marine 
iorms, including oysters, were kept under the arne conditions as 
the starfish. No unusually high mortality among oysters was noted 
during any of the experiments, nor after the experiments were con­
cluded and the oysters were returned to a normal environment. In 
the field , oysters dredged from bottoms treated with lime always 
appeared healthy. Apparently the addition of lin1e in the quantities 
employed in our experiments did not cause serious injuries. How­
ever, to obtain some definite information on the survival of oysters 
when exposed to the effects of lime, and also on their growth, weight 
increase, rate at which water is pumped, and other physiological 
activities, several experiments were performed. 

On May 16, 1938, 100 normal oysters about 3 years old were in­
dividually marked, measured, and weighed. The animals were di­
vided into two groups of 50 individuals, and each group was placed 
111 a separate outdoor tide-filled tank of several thousand gallons 
capacity. The water in the tanks was partly renewed at each high 
tide. During low tides the oysters in the tanks were covered by 
about 3 feet of water. At the beginning of the experiment, lime 
at a concentration of 5 barrels, or 1,400 pounds, per acre was added to 
the experimental tank. Each month thro ughout the experiment a new 
dose of lime wa thrown in the tank. Such an excessive quantity 
of lime was used as to create a concentration greater than woul<l 
probably ever be employed on the oyster beds. Unfavorable con(li­
lions in the tank were further aggravated by depriving the oyste rs 
of the beneficial effects of the rapidly running tide, which on the 
natural beds would soon dilute the solution of lime to a negligible 
concentration. Thus the animals in the experimental tank were 
subjected to much more severe conditions than they ,vould be in 
open water treated with the same concentration of lime. Ex<.:ept 
for the addition of lime, the conditions in the experimental and 
control tanks " ere identical. 

The experiment was continued from May 16 until Nov. 1, 1938. 
Every month all animals were measured and weighed. At the 
beginning of the experiment the average maximum length of animals 
in the lime tank was 7'2.17 mm., as compared with 73.10 mm. for 
those in the control tank, showing a difference of 0.93 mm. in fa\·or 
of the control group (fig. 2). At the end of the experiment, 51/2 
months later, the average maximum length of lime-treated animals 
was 83.66 mm., 'whereas that of the control was 86.10 mm. , or 
2.44 mm. more. Thus, in this experiment the control animals showed 
a slightly better growth than the group subjected to lime treatment. 
It should be emphasized, however, that regardless of abnormal condi-
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tions existing in the lime tank, the growth of the oysters kept there 
was neither stunted nor considerably retarded. This is shown by 
the fact that the average maximum length of these animals increased 
during the experiment from 72.17 to 83.66 mm., or 11.49 mm. In 
the same time the control group showed an increase from 73.10 to 
86.10 mm., or 13.00 mm. During a 5Y2-month period the lime-treated 
animals grew on an average only 1.51 mm. less than animals kept 
under nOl'mal conditions. The new shell growth of lime-treated 
oysters appeared normal and undistinguishable from that of control 
animals. 
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FIGU RE 2.-Increase in size of lime-treated and control oysters. May 16 to 
Nov. 1, 1938. 

Studies of changes in the weight of the two groups of oysters 
showed that the average total weight of lime-treated animals changed 
during the time of the experiment from 67.10 to 100.47 g., an in­
crease of 33.37 g. (fig. 3). The average weight of the control ani­
mals increased during the same period from 69.24 to 112.91 g., giving 
an increase of 43.57 g.; or 10.30 g. greater than for the experimental 
group. Such a difference is quite significant, showing that conditions 
existing in the lime-treated tank interfered with the normal increase 
in weight of the oysters. 

More detailed studies of changes in the size and weight of the two 
groups of oysters showed that the difference between the lime-treated 
and control animals became more pronounced as the experiment pro­
gressed (figs. 2 and 3) . This can be attributed either to the cumu­
lative effect of lime on the oysters themselves, or to the fact that the 
large quantities of lime always present in the experimental tank de­
creased the numbers of microscopic organisf!ls normally present in the 
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water, thereby depriving the oysters of their normal quota of food. 
During the experiment 2 oysters in the control tank, and 4 in the lime­
treated tank, died. 

At the end of the experiment all sUl'viving oysters were killed and 
their meats and shells weighed. The average weight of the meat of 
lime-treated animals was 10.69 g., and that of their shells 78.9 g. 
Control animals gave 13.96 and 85.8 g. for meats and shells, respec­
t ively. For the lime-treated group the weight of meat constituted 
10.6 percent, and the weight of shell 78.3 percent of the total weight. 
In the control group these percentages were 12.4 and 75.9. 
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FIGURE 3.-Increase in weight of lime-treated and control oysters. May 16 to 
Nov. 1, 1938. 

To summarize the above-described experiment, it may be stated that 
the majority of oysters subjected to a very strong concentration of 
lime for a period of 51/2 months survived the treatment, but their 
growth and increase in weight was somewhat retarded. It should be 
remembered, however, that the concentration of lime in the tank was 
much greater than that to be expected on natural beds. Furthermore, 
such a strong concentration of lime persisted in the tank for months, 
whereas in a large open body of water a strong concentration could 
persist for only a few minutes because the tidal currents would soon 
dilute it. It is apparent, therefore, that the use of moderate quanti­
ties of lime in combating starfish cannot endanger the oysters on the 
treated area. 

The experiment just described brought to light another fact which 
is of interest to commercial oystermen. It has been claimed that if 
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green oysters, which are very common in Long I land Sound, ar 
treated with lime simply by spreading it oyer the oyster bottom, they 
will lose their greenness and acquire a normal creamy color. Our 
experimellts have shown that such statements carulot be supported. 
Oysters used in our experiments were brought from Stratford natural 
beds, known for its green oysters. After being kept in the tank con­
taining lime for 5112 months, oysters ,yere opened and their color noted. 
Of 46 nnimals examined, 27 were yery green. Among the control 
group 25 showed green color. It is clear, therefore, that the spread­
ing of lime upon the bottom will not whiten green oy. tel's. This con­
clusion is al~o corroborated by our field ob ervation. Many oysters 
collected at regular interY ~·l1 s from the bed of Long I sland Sound, 
after treatment with lime, were green. As compared with the color 
of oysters of adjacent beds, th e intensity of g reen color of lime-treated 
oysters ,,-as not altered. 

SHELL MOVEMENT AND FEEDING OF OYSTERS 

Hopkin (1932) has shown tha t oyster are highly ensitive to 
chemical changes occurring in the water. ometimes. because of the 
p rpsence of foreign sub tances. the number of hours the oyster keeps 
its shell open is reduced , and th e water -pumping capacity and hence 
the r nte of feed ing are signi fi cantly decrea ed (Balt off et a1. 1938) . 
Because the new method of starfish eradication would require com­
paratinly large quanti ties of lime t be introduced into the water, a 
possibility existed that this ,,·ould seriously interfere with the normal 
physiological f unctions of oysters Ii ving on the treated beds. T o 
estn,blish definitely ,,-hat effect the lime solutions would have upon the 
shell movements, feed ing, anL1 respiration of oysters, the f ollowing 
('xperimellts " ere performed at Milford L aboratory. 

Oysters used in these experiments were subjected to yarious concen­
trations of lime in sea water. The animals "-ere mounted on small 
cement blocks. Their right shell yalyes were connected by a string 
to kymograph leyers, ,,"hich, in turn, recorded every movement of the 
shell on the kymograph drum. 

To study the effect of solutions of lime upon fee\.ling acti,ities of 
oyster s, a combination of the apron method described by Nelson 
(1936) ::ll1d modifica tion of Galtsoff 's constant-level-tank device were 
used. With such an arrangement it wa possible to obtain a continu­
ous record of the quantities of water pumped by the oysters. 

T o determine the normal behavior of experimental animals they 
were kept for long periods in nmning sea water before being sub­
jected to the lime solution (table 5). T o observe the recovery of 
oysters after their exposure to lime they 'vere again returned to rUl1-
Bing sea water and their shell movements and other activities noted 
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and recorded. A s cond group of oy ter , de ignated a th control, 
was kept under conditions virtually identical t.o tho e of the experi­
mental animals, except that no lime wa added to the water. 

E xperimelltul oysters were ubj ected to a running saturated lime 
&olution, to a running olution composed of 1 part of aturated lime 
solution and 1 part of sea water, and to a running solution of 1 part 
of saturat d lime solution in 3 parts of sea water. Results of the 
experiment are ummarized in table 5. Da ta for each of the fir t 
two concentration represent the average of two observations. T he 
n,verage for the 1: 3 concentration are based upon 4 experiment . 

TABLE 5.-The effect of lime so ili tion tlpon til e shell m ovemen ts and the 
quantities of wate'r pumped by oyslel's 

Average 

Conditions Duratio n of W ater experimen t P ercent filtered, Temp. of time ee. per pIT o C. 
open hour 

J. In sea water, before treatmen t __ . ___ ____ 55 b rs. 15 min ____ 97.5 98.8 8.1 14.5 
2. In saturated limesolution ___ __ ___ _______ 105hrs . lDmin ___ _ 18.0 6.9 9.5 16. 2 
3. Recovery in sea wateL __ __ __ . __________ 35 hrs _____________ 95.5 200.2 8.1 14.9 

r-
Sea water _______ _______________ 43 brs. 25 mio _____ 98. 4 123.0 . 2 13. 4 

Control 2. Sea wnter. _____________________ 101 brs . 35 min ____ 80.4 119.8 8.2 14.2 
3. Sea water. ______ __ ___________ __ 48 brs. 8 min ______ 60.6 53.9 8.1 14. 1 

J. In sea water, hefore treatment 18 hrs. 46 min 92.5 1173.0 8. 1 15.6 
2. In 1 part saturated lim e solu tio-D,- i -p8~t- 92 hrs. 43 min __ ___ 79. 5 367. 0 8.8 15.3 

sea water. 
3. Recovery in sea water. ______ __ __ _______ 21 hrs. 17 O1in __ ___ 68. 0 1190.6 8.1 11.11 

r-
Sea water. __________ ___________ 17 hrs. 33 min _____ 80.8 714.9 8.2 15. i 

Control 2. Sea water- ____________ _________ 91 brs. 43 O1in _____ 93.7 1003.4 8. 1 I !.4 
3. Sea water. ____________ _________ 24 h rs. 15 min _____ 81. 9 654 .2 8.1 14. S 

J. In sea watrr, before treatmen t __________ 59hre 4min ____ __ 92.7 1355. 7 . 1 15.0 
2. In 1 part saturated lime solution, 3 parts 21 5 brs. 41 min __ __ 82. 1 1385. 5 K6 15. G 

sea water. 
3. Reeo\' ery in sea water. _________________ 109 Ius. 49 min ____ 79.5 2019.8 . 1 15. 3 

t Sea water ___________ _____ ______ 51 hrs . 56 min ____ 92. 4 1305.8 8.0 15.2 
Control 2. Sea water ___________ ___________ 216 brs. 42 min __ __ 85. 5 20 48.4 8.2 15. 4 

3. ea wateL __________ ___________ 105 hrs. 17 min ____ 71. 5 2276.0 8. 1 15.5 

Oysters exposed to a saturated solution of lime kept their shells 
closed for a longer time and pumped much less "ater than before 
treatment. ,Vhereas, before the treatment the oysters remained open 
97.5 percent of the total time, during the treatment they '"ere open only 
18 percent. The average rate of pumping dccrea eel from 9 .8 cc. 
per hour before the treatment to 6.9 cc . during expo~ure to the con­
centrated lime solution. 

Oy tel' expo ed to the mixture of 1 part of lime "ater and 1 part of 
!2ea " ater rcmained open 79.5 percent of total time, a compared "ith 
92.5 percent b fore expo, ure. Such a difference can hardly be con­
sid l' d a iO'nificant, becau e in the control experiment the percentage 
of time th shell remained open val'ied from 1.9 to 93.7 or about 

much a in the ca e of lime-treated animal . ignificant, ho"eve1' 
" a th ob ervati n that the anrage hourly quantities of TIater 
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pumped by the 0)' tel' d cr a ed from 11-3 cc. be for the treatm nt 
to 367 c. durincr expo ure. A marked reduction in pumping a ti i­
tie wa thu till evident. 

In a concentration of 1 part of aturated lime ~olution to 3 part of 
, a water. the oy te l'S kept their hell open 2.1 pel' ent of total t ime. 
Thi : compared favorably with the ob ervation on ontI' 1 animal 
which were open f or about the ame percentaO'e of tim (table 5) . 
During expo<:ure to the chemical the rat of water filtration by 
oy_ter wa _ol11ewhat greater than durincr the p riod b for th 
treatment. Thi indicated that the ciliary activitie of 0 tel'S were 
not depres::-eel when the animal were expo ed to a 1: 3 dilution of 
lime water, 

Genera lly. a. quick anel rather marked recovery of ciliary action was 
noted a :,oon as solution of lime were ub tituted with th flow of 
fresh sea water. In the fir t serie of experiment, where oncen­
tratcd solutions of lime "ere u ed, the a,erag quantitie of water 
pa" ed by oyster during the recoyery period wer more than twice 
great r than before the beginning of the treatment. In th ond 
_erie there wa al 0 a marked increase in the rate of flow immediately 
after the treatment, being even sliO'htly crreater than before the 
oy ter were ubjected to the effect of the chemical. These ob erva­
tion ugge, t the attempt of oy tel' to clean e them lve from th 
effect of the chemical. Increa c in w'ater flow produc d by th OJ tel'S 
after exposure to lime olution wa al 0 ob erved in the In t ri 
of l'xpel'iments. There. howeYer, the increa,e ,,-a n t proportionally 
a large as in the two previou experiments, 

.\ .::; pre,iou ly tated, a marked elecrea e in the tim oy ters re­
mnilll,d open wa noteu a oon a th y were xpo d to a con en­
tratl'll lime olution (table 5) . oon after the olution wa r placed 
with rnnning ~e<l wnter, howe,er, th hell movement of th 0)' tel' 
be ':lIUC normal. There \ya no d finite change n t d in th typ f 
~hell acti\'ity before and after expo ure to th chemi a1. imilar 
()brl'\'atioll' were made in two other erie of xperiment wher 
\Yeah'r concentra ti on of lime were u ed. The only x plion n t d 
ill the latter ClSe ' w:\, that during the recov ry p 1'i d th r ­
(t'ntagL' of time the oy, tel'~ remai n el open wa omewhat mall r than 
j)('fore the tl'l'atment, 0 1' ey n during expo ~ul' p riod (tabl 5). 
Thc-.e ob"cl'Yat ion' nre not ' i~rnificant, how ,el' b au a rr ' p nd­
ill~ rpdul'ti(l\l ill the p r entnge of tim p 11 wa not U III ca ' f 
,'( Iltrol animals, 

Th(' "atl'!' tellli ratul' durin CT eXl erim nt ran CT d ir m 13,00 

1 ',.i " 'C'~llally tll dill' r lit' in t mp rntll1' f lim . an 
,,('It \\ atl'r flowing v l' th I1tr I animal did n t 
.Ipg-r'l''' and th ~ ulinit)' f th wat r wu maintain d n Ill' 



USE OF LIME IN CONTROLLIN G STARFISH 23 

per mille. The pH of the sea water ranged from 8.0 to 8.25. I n a 
saturated lime solution the pH rose to 9.5. In the second series of 
experiments the pH of lime water ranged between 8.7 and 8.8, while 
the pH of the weakest lime solution used was near 8.6 (table 5). 

After the end of laboratory experiments all oysters exposed to 
Jime solutions were transferred to large outdoor tanks for further 
ubservations. Fourteen months later niany animals were still alive. 

The physiological experiments described above demonstrated the 
relative safety of oysters inhabiting lime-treated areas. They showed 
that oysters exposed for long periods to such strong concentrations 
flS 1 part saturated lime solution to 3 parts sea water behaved nor­
mally and displayed no ill effects. Oysters exposed to a saturated 
lime solution for several days survived and were alive 14 months after 
the end of the experiment. It should be remembered that in actual 
practice the strong concentrations of lime solutions used in our 
experiments will never exist in open water for any appreciable time. 
Therefore, the lime method for the extermination of starfish can be 
regarded as safe for oysters. 

GONAD DEVELOPMENT AND SPAWNING 

The effect of lime on gonad development and spawning of oysters 
was studied by keeping adult oysters in a tank to which large quan­
tities of lime were added. This experiment was conducted in the 
same tanks used in the experiments on growth and survival of oysters 
subjected to lime, and was run simultaneously. Half a bushel of 
oysters was placed in each of the tanks on May 16, 1938. From 
then on, at biweekly intervals, a sample of 6 oysters was taken from 
each tank for histological examination of gonads. Throughout the 
experiment no difference between the control and lime-treated animals 
could be detected. In both cases gonad development proceeded nor­
mally. Both groups of oysters began spawning at approximately the 
same time. 

SETTING OF OYSTERS ON LIME-COVERED BOTTOMS 

To determine whether the oyster larvae would set on lime-covered 
bottoms, the following experiment was performed in July 1938. 
Ten bushels of oyster shells were spread on each of 2 lots, 150 square 
feet in area, located near mean low-water mark in Milford H arbor 
and separated from each other by a distance of about 10 feet. On 
top of the shells wire-bag spat collectors were placed. One of the 
lots was covered with enough lime to form a thick layer over the 
entire area. The other lot, designated as a control, was not treated. 
Lime was spread on the experimental lot during low tide, when 
the lot was exposed. Our observations showed that no lime had 
been carried by the currents onto the control lot. 
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Til fir t lting f oYi>t rs Lo k pla ' n J tly 29, 3 w ks aft r 
the l ime \Va put 0" l' tIl sh II , L th nd of th ttin 
on Augu i>L Hi, 50 hell W re coI l ct d 
and 25 sh ·Il ' from a 'h f th wir -barr I at 
shell were cX!l111illC'd all(l th l1umb r of .' t ntla h d til m ·w re 
counted, There w'r 144 pat found n 50 1 0 e . h 11 from the 
lime-covered lot, as 'olll pal'ec1 with 3Al'at aUach d to the arne 
Humber of shells gathered from th ontl'ol I t. hu, the t on the 
IIntreated ~h('l l " ,,:1,' nlOl'C thall t\\i 'r that Oil tn'at'd al"U" H ow­
p\'er, thl' llllllllH'1' of "pat Oil ~.) . 11!'ll tak('TI ff'( ,111 the wir ·-ba 
"pat coll ector that <:anl(' hom thl' lim(' - '0\' -r('d I()t wa 7-1, wh rea. tb 
J1l11nher (,f spat frolll 25 fo-h('ll of til 'on trol ba was 1 I' 13 Ie , 

Th con i(lerably ,mall r HumlJ I' of oy ter pat found on the 
100 e hell ' of the lilllc-tl' ulC'd lot indicat d that lar e quantiti s 
o f lil1le dl'po"it on Ih(' sll ,]] int riel' d with til(> l1ol"lllal . ttin f 
0)' ·ten:. This \\'a ' probably du in part to th fact that the oy ter 
lan'ae could not filHl tI an, hard a1' -a for th ir atta hm nt. p­
parently the thi k lay r of lime on th 100 11 11 inl rf red m chan­
icall y, ancl probably eh mi ally with th ettin of the larvae, The 
obscnalion that th hell taken at rand m from the wire-ba pat 
collector treated ,,-ith lime contained mol' pat than th h 11 of 
the id nti<:al coll ector of the ('on tro] lot an b 'xplnin d n th 
ground that, ince only th llpp r lay I' of sh 11 of the collector 
wa co \" red with lim ', ther' \Pl'e ell llrrh -I an h 11 in id of 
the bag to provide tling area for the pat. I t hould be re­
membered that in connection with th se experiment the con centra­
t inn of lime II cd \yer far great I' than tho e exp cted to be u ed 
on oy le r oed, and, as will be di_cu ed later on the lime treatments 
",llOuld be u"ed only in autumll, winter. lind arIy ~pl'ing (p. 2 ), 
Ob\'iouJ,v, the lime will di . appc.>ar by th time the tting f OJ te 
u ually take::; place, Furthermore the planting of hells for ca tch ­
ing pat is. as a rule, conducted during June and J uly, or during the 
time when the lise of lime i not recommended, 

Observation on survival of eed OJ tel' ubjected to the effects 
of lime showed that the e animal urvived the treatment very well. 

eed oysters liyed in the tank with lime f or 6 month, and at the 
end of that time \vere apparently normal. No unu ual mortality 
was noted among l::.eell OJ' ·ter collected from the natural bed wb re 
experiments were conducted, 

MOLLUSKS OTHER THAN OYSTERS 

Hard clams (Venus mercenaria) , oft clam (Mya arenaria) and 
mussels (Mytilu eduZis) , kept in the tanks to which lime at the rate 
of 1,400 pounds per acre was added at monthly interval , survived 
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such an exposure for a period of about 6 months. The mortality 
among the e animals ranged between 4 and 5 percent, being no higher 
than in the control tanks. F ield experiments showed also that there 
was no mortality which could be attributed to the effects of lime among 
those mollusks dredged from the beds where experiments in the 
€radicat ion of starfish were conducted. 

TABLE 6.-The effect of lim e soluti on 11pon shell movements of hwrd clam s 
(Venus mer cenaria ) 

Conditions 

1. In sea water , before t reatment ___ _____________ . 
2. In 1 part saturated lime solut ion, 1 part sea 

water. 
3. Recovery in sea water. __ ___ . _. ___ _ .. __ ____ . __ _ 

{

I. Sea water _____ ____ ______ ___ ____ ______ _ 
Control 2. Sea water _____ . __ _____ __ .. ______ ___ . __ . 

3, Spa water _____ . ______ _ . ___ . __ __ _____ .. 

1. In sea wotcr, before treatment ' . _______ _______ _ 
2. In 1 part saturated lime solution, 3 par ts sea 

water. 
a. R ecovery in sea water. . ____ ___________ _____ .. _ 

{

I. Sea water. ____ __ ______ __ . __ _____ ____ _ 
Control ' 2. Sea water __ _________________ ________ _ 

3. Sea water. ___ ___ ____ ____ ___ ___ _ . ___ . _ 

, Average of four experiments. 

D uration of 
experiment 

19 brs. 19 m in _______ . 
49 brs. 8 min __ _____ __ . 

35 brs. 49 min _____ __ _ _ 
18 brs. 59 mi n . ___ ___ _ . 
49 ll rs. 8 min __ ._ ._ . __ _ 
35 hrs. 49 mi n _______ ._ 

53 b rs. 46 m in . . _ . . ___ _ 
200 b r~. 9 min . _____ __ . 

80 brs. 21 min ___ _____ _ 
53 brs. 46 min __ __ ____ _ 
199 hrs. 16 m in . ______ _ 
80 brs. 21 min . ___ . ___ . 

A verage 

Perrent T emp. of ti me pH °0. open 

52.8 8. 1 19. 6 
52. 4 8. 8 19. 2 

90. 9 8. 1 18. 8 
44.8 8. 2 19. 3 
81. 9 8. 1 18.5 
88.0 8. 1 18.4 

67.3 8. 1 15.0 
80.9 8.6 15. 4 

84. 9 8. 1 1.1. 8 
76.6 8.0 15.0 
93.8 8.2 15. 1 
93.9 8. 1 15. 5 

TABLE 7.-The effect of lime SOl11tion upon the shell m ove'men ts of m1tSSeZs 
( I\fy tilus edulis ) 

Condi tions D uration of e'per iment Percent 
of ti me 

open 

Average 

pH T emp. 
°C. 

1. In sea water, before t reatmenL ____ .. __ . __ ._ .. _ 19 brs. 9 mi n ___ ______ _ 95.2 8. 1 19. 6 
2. In 1 part saturated lime.solu tio n, 1 part sea 49 brs. 8 min ... _ .. ____ 96. 4 8.8 19. 1 

water. 
3. Recovery in sea water .. ______ _____ . ______ _ .. __ 32 brs. 35 mi n . __ __ _ .. _ 99.0 8. l 18. 7 

{

I. Sea water. ___ _________ __ . ________ _____ 18 brs. 59 mi n ______ ___ 59.9 8.2 19.3 
Control 2. Sea water. ___ _________ __________ . _____ 46 hrs. 28 m in ___ ______ 9·1. G 8. 1 18.5 

3. Sea water. . ___ ___________________ . ___ 35 h rs. 44 min _________ 96.5 8. 1 18. q 

1. In sea water, before t reatment , __ . _____ ._. ___ 32 hrs. 23 min ____ _____ ==99=.=7°1===8=.=1 '1===1=4=. 5 
2. In I part saturated lime solu tion, 3 parts sea 119brs. 51 mi n . ____ ___ 99.5 8.6 16. 4 

(water. 
a.~Recovery in sea water ___ ____ . __ ____ . _____ . _ _ __ 54 hrs. 8 min ___ . ____ _ . 96.6 8. 1 16.6 

{

1. Seawater._ .. __ _____ _____ _ . ______ ._. 18 hrs.3min ___ ____ ___ 99.8 8. 11 14.8 
Control ' 2. Sea water. ___ . __ _____ ___ ._. _______ .. 84 hrs. 39 min .____ ____ 99. 7 8.2 15.8 

3. Sea water ______ ________ ____ __ __ _____ 54 brs. 8 min __ ____ ___ . 99.3 8. 1 16. 6 

, Average of two experi ments. 

Observations on the shell movements of hard clams exposed to very 
strong solutions of lime showed that the time these animals remained 
open was somewhat less than for those of the control (table 6) . Judg­
ing by the fact that the percentage of time they were open during ex­
posure to concentrations of from 1: 1 to 1 : 3 was either almost equal to 
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or in ex e s of that before treatment how v r it may b 
the xperimcntal animals w l' not mtl ·h ail L d by lim in . luti n. 
Obsel'Yation on th . hell movem nt. of the mu_ 1 r v al that 
they were n t di sturb d by the pre n of lim in th wat r (tabl ! . 
When exposrd to 1: 1 and 1: 3 concentration mu ... e1 kept th ir sh II 
upen virtually t]\(, sa me prl'c ntago of tim a did the ontr 1 animal. 
The re ord ' of all . hell TIlO\'('nwnt w re obtained wilh kymograph. 

Other mollu ks whof:,e b h[wior wa ob l'Y d w r two p i f 
Cr pidula. Anomia, two COl11mon form of oy t I' drill rosalpin:r 
cincrl'a, and Ellplf'lIra cau(/Ida, and two p ci of mud nail, Na.ysa. 
All th es(' animals appeared lo b llnaffrct d after XI o. ur to aura d 
lime solut ion ' in oUldoor tank for a peri d of 2 we ks or long r. 

T ABLr .-Brrrl'/ Of Ihrce (lifTcrrnt cone nlralio?ls of lim In sea v'G.ler, filt ered and 
ull {illcnd. 011 litl 1Ialcl/illfl 01 fl{}8 of Ilal/LYh (P~;('udopl urOIl ct um rlcanus) 

CondItion 

Qu otlty 
Qunnllty or eg~s Quanllty 

l. 'r>O~IJrr lime or I'~gs un, or egltS 
l1S<!J. ce. balcbed, bal!:!'ed, 

ce. w. 

-------- - - - -------1---
1: 250 , 
1: 500 ,. 
1 : If)OO , , 
SeQ wBt(' r (control) 
1: 2:;0 .. 
1 : 51)0 , 
1 . WOO , 
Sea watcr (control 

.. l ltlINe,1 
FiI""""1 
Filtered 

.. {'DOltered 
l·nOlI,·,,·'] 
l ' 001 u'r~'] .. 

3 hrs. 30 min 
3 hr.!. 30 miD 
3 1Jr'. 30 mln 

3 hrs. 0 miD 
3 hrs. 0 miD 
3 brs. 0 mln 

EGGS AND FRY OF FLATFISH 

o 
7.6 
9.0 
7.0 

50.0 
500 
500 

o 

420 
425 
41. 0 
430 
0. 0 
0.0 
0.0 

42. 0 

E.·periment p rformed at ~Iilford Laboratory and the tat 
halchery at ~ Toanl', Conn., showed that the eag and fry of flat£. h 
(Ps('u.lophurOllcct('S amaicanu.s) may urvive in tron olution of 
lime, provided they do not come into contact with olid particle . 
Sample con isting of 50 cc. of ftatfLh eggs were kept in trong con­
centrations of lime in ea. ,Yater for everal hour (table ). In 
the first series of experiment ' the olution were filtered to remove 
undi ssolved particle of lime b fore the egg were placed in it. 
After expo ure to lime water for 3~2 hour the egg were tran ferred 
to hatching jar through which sea water was circulated. Two da s 
1 fter the exposure the fJr , t few fry hatched, e ca ping from the jar 
into an aquarium, and within a few days hatching wa fini hed. The 
volume of all unhatched eggs mlS then determined (table ) . In all 
cases the quantities of unhatched ega ,yere almo t identical; closely 
approaching that of the control. 

In another series of experiments, 1: 250, 1: 500, and 1: 1,000 concen­
trations of lime were used. Undissolved particles of lime were left 
in the vessel, forming a thin layer on the bottom so that the eggs 
came into contact with them. All eggs died (table 8) . 
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Flatfi h fry survived for 1 hour in a filtered saturated lime solu­
tion. They died quickly, however, after coming into contact with 
solid particles of lime. 

As the e experiment indicate, the egg and fry of flatfish may be 
seriously endangered by the indi criminate use of lime. It is sug­
gested, therefore, that this chemical should not be used in the areas 
thickly populated with flatfish during the time when their eggs and 
fry are present. 

LOBSTER LARVAE 

Ob ervations on the effect of lime on lobster larvae were conducted 
at Noank H atchery in June 1938. The fir t 3 larval stages ,yere used. 
The first stage was composed of animals that were about 12 hours 
old, those of the econd stage were 8 days old, and of the third stage 
14 days old. In a dilution of 1 part of a filtered saturated solution 
of lime to 10 parts of sea water the larvae of all stages survived for 
4 hours. The same results were obtained when a solution of 1 part 
of a saturated lime solution to 2 parts of sea water were used. In a 
solution of 1 part of lime water to 1 part of sea water, however, a 
mortality of about 25 percent was registered at the end of 4 hours 
exposure. All 3 larval stages appeared to be equally affected. In 
a saturated olution of lime, all animals died in 3 hours or less. 
The larvae of the first, or earliest tage, appeared to be the most 
resistant. Direct contact of lob tel' larvae ,yith particles of lime 
resulted in the death of the animals. Again the animals of the fi rst 
larval stage proved to be the mo t resistant, sometimes surviving 
as long as 40 minutes. Apparently the use of lime should be avoided 
duri ng the time when lobster larvae are present in the water. For­
tunately, the hatching of lobsters in Long I sland Sound usually takes 
place in June, the time when the oystermen are preparing their beds 
for the new set of oysters, and lime will not be used at this time. 

OBSERVATIONS ON OTHER FORMS 

Barnacles were observed to live in a strong lime solution for 
periods of 6 months. They behaved normally and fed as if not 
disturbed. The local species of shrimp also withstood the lime 
treatment very well. On the other hand, crabs kept in tanks to 
which large quantities of lime were added soon died. No dead crabs 
were found , however, on the oyster beds treated with lime. Appar­
ently, under natural conditions, crabs could always find small areas 
not covered with lime or could dig into the bottom mud, thus 
avoiding direct contact with lime. Ftvndulus were found to be very 
resistant. Flatfish, on the other hand, died within a few days after 
belllg placed in tanks with bottoms covered by a layer of lime. No 
rtead flatfish were found on the natural beds where the concentration 
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of lime was much li g ht r than in th x p rim ntal t ank and where 
by flappinrr th ei r fin , a ' l ' th ir h abiL, th y c uld 1 an up a all 
area to r est on. 

CONCLUSIONS AND RECOMMENDATIONS 

Ob~(' r\'a1ion s and xp l'inu·nL c<ll'ri lout hy 1h 'Writ l' und I' 

laboratory and fie ld condi tions indicat that th .turfi. h livin on 
oyster bl,tl. · an ('ithe r he eliminatecl ntirely or gr atly I' duced in 
]lumbers, by spreading CWll11l01l f\lIicklim ()\' I' th infe~l Il a rea. 

The actual contact of tll' body o r the. tarfi h with th par ide 
of lime i..., necessary 10 ('a u"e illjul'y. Therefor, th 'fficienry of 
lime (lC'[)( nels pl'illl:ll'i ly upon it · IInifOl'll1 <Ii tl'ilJUtioJ1 o\'('r th ar a 
trpatl'(l. an d al ... o upon tlll' l[u<lllliti('" u'-.C'd. 'Ih m thod of spr adin 
lime O\'l'l' an :l1'('a hy shon·l" or hy a .tn'a m of wat r . houle! he <1i:· n­
tilllll'd a wa ... tl'fll l. 1n,.,t (':111 , llwth"d in.u J'i llrr uniformity of di -
tl'ibut 1011 (If t il(' lillI e' uY( I' t hI' t}'C'atl·d nrl'a sholll(l ue employ'd, I n 
all ca ,.. l·";. t1lC' dil'l·cti(ll\ and "'p(" ' ll ()r ti(lal current .... hOll}<l h takE.'n 
into rOll s idl'l'at iOIl. If propprly <lppliNl. . lllall qlHultities of lime (300 
to 5UO ]>Ollll11 s Ill'}' :!''I'I') \\ill he llf1i"il'llt to (1 ,..tro\, th majority 
of tIll' st :Il'I1"h pn· ... l'Ill. rn t ill1l ol'l' {·fli.ci{'lll Ill,thor] of liJlle <li ... p I_a} 

art' {h'H·lopl· d, bowl'n']', l:tl'~('r qU<lntitil'!'. up to 1.000 pOUlld: p " r acr , 
lllay he u,,\'d. Till' c1H'a[!IlI '''' of quicklillle l'l'llder~ the Jl)C'thocl ('coJ)om­
ieally fpa"ible. ~\.t (he t illle of "'ritin~ . the co t of 1 t n of quicklime 
deliH'l'l·d to oy~teJ'llHn ranged from :~1 ~ to $14, At thi. 'lgure the 
co~t of t re<lll1len1 pl'l' ane of hot t (Jill would va ry fr0111 abou t ~2 to 
' f 7, dp[lending on f he COIH.'l'n t ra t ion 11 eel. A t pr sent. many o}"ter 
cOlllpallies of COllnecticut. ~ ~ ew Y ork, and R hode I sland ar u ing 
l ime regularly. Among the:,e arc Bluepoin t o. I n., F. M an -
field 8: 011 Co. , II. . R owe & 0. , ThE.' onnecti ut y ter F arms, 
Inc" \\~arren Oy_t er Co .. and F rank 1\1. Flower & on , 

It is f ortun a te that the concentra ti on ' of l ime harmful to ta rfi h 
do not seriously a ff l'ct many other commercia lly important f o rm of 
marine li fe. ""Then usecl in the cOllcent ration employed in .s:peri­
ments, lime did nut kill or noticeably injure oy tel, clam . or other 
mollusks com monly found on cultinlte cl bot tom . I t wa found in­
jurious, h owever , to e"er a1 pelagic forms such a the lanae of fJ.a t­
fi h and lob tel'S, B y u ing lime at time "hen the lar,ae of com­
mercially important sp ecies are ab ent, uch injury can be avoided. 

It is thought that lime can be advantaaeously u ed twice a year. 
The first treatm ent may be given in March , thp.l'eby killing tarfi h 
before the period of their spawning acti vitie and thu reducing 
the numbers of their progeny, and the second in the fall or winter 
will protect the oyster set from being devoured by both young and 
adult starfish. 
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Fr quent U1T y of . tarfi h di tribution carrie on durin th 
la t 5 ears indi ate that ertain area of Long I land oW1d ar 
alway inhabit d by very large number of tarfi h, on equently 
s rving as cent r of propagation and di tribution of the e p ts. 

u h area hould be treated with lim , thu d t roying larO'e num­
b r of starfi h and preventing them from preading to a ijoininO' 
bottom. 

Th simplicity of application of lime, its comparat ive hannle -
ne s to oy tel'S and man y other commercial specie , and the cheap­
ness of the product, all in Ecate that the method provides a pra tical 
weap n again t tarfi h. 
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