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FOLLICULINIDS OF THE CHESAPEAKE AS NOMADS

BY
E. A. ANDREWS
Johns Hopkins University

ABSTRACT
During experiments by the U.S. Fish and Wildlife Service and the Maryland Conservation Department on the fouling of oysters in Chesapeake Bay, shells exposed on
the bottom were examined for folliculinids. Observations in the upper part of the
Bay, at about 15 stations in 9 to 20 feet of water along some 40 miles from Choptank
to Tochester from mid-May to mid-October, showed that settling began the last
week of June, or occasionally mid-July, and continued until the last week of September; generally there was a decline in density during August and occasionally an increase in September with cooler water. Further down the Bay, shells were exposed
off the mouth of the Patuxent River on "Parker Moore" bar in depths of 6 to 16
feet of water during 1944-1947; 1417 shells were examined, of which 243 bore folliculinids, with a much higher percentage of settling in deeper (26%) than in shallow
water (6 % ). Exposures of shells on bottom were irregular, making comparisons of
seasonal settling difficult, but settling did occur, though with considerable irregularity, during both winter and summer in each year. It is inferred that folliculinids are
both sedentary and migratory at all times of year in the Chesapeake. Table I
gives the data.

Folliculinids are the largest protozoans that make transparent tests,
and in these they dwell and feed both by day and night upon suspended
detritus, bacteria, minute plants and animals ; other animals, in turn,
feed upon folliculinids. Thus they too are a link in the complex food
chain.
First seen in 1781 on the coast of Denmark, folliculinids were later
found to be widely distributed all over the world. They are found
mainly in the sea, though some are found in fresh water.
The older microscopists spoke of them as "bottle animalcules,"
since each was firmly anchored inside the bottom of the bottle-like
test it had secreted, the test itself being firmly glued to dead or living
objects. While the test serves as a protection, the mouth end of the
folliculinid can be extended from the test for gathering food (Fig. 1).
An adult within its test may revert to a simple larva-like form which
divides into a posterior half that remains in the old test and an anterior
half that swims forth to secrete a new test within which it develops
into a new adult. Moreover, it was shown independently by Claparede and Lachman (1858), Wright (1858) and Andrews (1915) for
marine forms, and by Penard (1919) for freshwater forms, that such
animals may break loose as swimmers without dividing. Thus
(21)
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folliculinids have two phases and are alternately sedentary and
migratory.
The folliculinid literature indicates that they are known chiefly
as sedentary organisms living in fixed dwellings. However, the extent to which they are permanent residents, or migrants, is evidenced only in the tributaries of Chesapeake Bay, where Andrews
(1915, 1923) found that they were present in excessive abundance in
the warm months on flowering plants in shallow water but that they
all disappeared before the plants died down in autumn. This was the
case from 1912-1949 inclusive.
For some years the Fish and Wildlife Service and the Maryland
Conservation Department have carried on experiments to determine
the periods of fouling by organisms such as barnacles, sponges, etc.
Their approach to the problem was to put 25 to 50 clean oyster shell
valves in a chicken wire bag with buoy attached, place it on the bottom
for a week, and then lift it in order to examine the shells for attached
organisms. We·a ther and other factors permitting, this procedure was
followed week after week. In the Chesapeake, folliculinids fasten
their tests mainly to oyster shells, which are the chief available objects
on the bottom, so that sometimes the shells become covered with
tests of several species. If these tests are sufficiently abundant they
might interfere with the attachment of oyster spat, in which case they
would be considered "fouling organisms" by the oyster biologists.
Regarding observations in the upper part of the Bay, we have the
following information from Dr. P. A. Butler. Observations were
made at about 15 stations in 9 to 20 feet of water along some 40 miles
from Choptank to Tolchester from mid-May to mid-October. Here
folliculinids settled on the shells of living oysters as well as on both
surfaces of the empty shells. Settling did not begin until the last
week of June, or occasionally mid-July, but it continued until the last
week of September. Generally there was a marked decline in density
during August, but occasionally there was a pronounced increase in
density during September as the water cooled. Shells put down in
October usually remained blank. In 1944 an exceptional absence of
folliculinids occurred during the first three weeks of August at a station
in Round Bay (Severn).
Further down the Bay, shells were examined by myself after they
had been studied by oyster biologists at Solomons. These shells had
been exposed on "Parker Moore," a large natural oyster bar, off the
mouth of the Patuxent whose position may be-found in Grave (1912).
The bar extends from near shore to the unusual depth of 46 feet •and
hence the occurrence of folliculinids on this bar may be tak~n as
indicative of what may occur on other bars which form a fringing reef
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along the shores of the Bay and its branches. On "Parker Moore "
shells were exposed near shore 'i n six feet of water and also in a depth
of 16 feet 500 feet further out. Records showed bottom temperatures
from 9.2 to 26.6° C. and salinities from 9.3 to 19 parts per mille.
Ten shells from each wire bag were studied under the binocular.
The colored tests stood out against the white inner face of the shells
so that the prevailing species were recognizable; even the early settling
stages showed as blue smears where the swimmers spread out before
making tests. However, there is a distinct disadvantage in the use of
dry shells due to occasional curling or peeling off of smears or completed tests.
Contrary to expectations, few shells showed folliculinids: only 243
(17%) out of a total of 1,417 shells bore these organisms. However,
in deeper water the percentage was greater than that in shallow water:
202 out of 760 (26%) as compared with 41 out of 657 (6%) . Shells
were examined from the last two months of 1944, from ten months of
1945, twelve of 1946, and eight of 1947. The percentages per year for
1945, 1946 and 1947 were _21, 30 and 35 respectively for deeper water,
21, 3 and 7 respectively for shallow water. In deeper water the shells
were exposed for 15, 23 and 11 weeks in these same three years (a total
of 49 weeks) with folliculinids found in 9, 14 -and 6 weeks respectively
(a total of 29 weeks). In shallow w:ater the shells were exposed 13, 22
and 11 weeks (total 46 weeks), with folliculinids found in 6, 4 and 1
weeks, or a total of only 11 weeks out of the entire 46. Thus it is
apparent that there was a greater paucity of settling in the shallow
water.
A .comparison of the settling in winter with that in summer is complicated by the fact that duplicate bags were put out in the summer
and were recovered fairly regularly, while in winter there was often a
failure to recover the bags because of weather conditions and other
factors. Consequently, the summer yielded many shells that had
been down for only a week or so, while the winter yielded fewer shells,
some of which had been exposed for much more than a week. Seldom
were all ten shells set with folliculinids; some showed none, others few,
and still others many, which we have indicated generally by the
letters A to D in Table I.
There was no correlation for the settling of folliculinids with that of
other organisms. While most shells showed some barnacles and
bryozoa, and some bore oyster spat, algae, hydroids and egg capsules
of gastropods, folliculinids did and did not occur with them.
The data are summarized in the accompanying table. The arabic
numerals show the number of days the shells were exposed, and the
letters A, B, C, and D are used to indicate when folliculinids were
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TABLE

I.

TABULATION OF RESULTS FROM AN EXAMINATION OF TEN OYSTER

SHELLS TAKEN AT RANDOM FROM BAGS OF

20

TO

50

THAT

HAD

BEEN EXPOSED

THE NUMBER OF DAYS REPRESENTED BY ARABIC NUMERALS.
ENCE OF FoLLICULINIDS Is INDICATED AS FOLLOWS:

A.

THE PRES-

MERE TRACE

ON ONE OR MORE SHELLS; MAY BE JUST ONE OR MORE SMEARS
AS EVIDENCE THAT SETTLING HAS BEGUN.

C.

FEw SHELLS.
SHELLS.

D.

B.

FEW ON A

HUNDRED OR So ON ONE OR MoRE

SEVERAL HUNDRED ON MANY SHELLS.

Shallow Water
Months/Years

1944

I.
II.
III.
IV.

158,C.117,C.7.13.
9.10.10.
58,B.9.

V.
VI.
VII.
VIII.
IX.
X.
XI.
XII.

1945

11.
42,B.

1946

29,D.
12,A.15,B.12.
9.17.
17.7.6.6.
7.16.6.6.15.39.8.26.26.
9. 9. 9.9.8.10.10,A .10,A.
103,D.6.6.5.5.11.15.
8.
34.7.6.18.
6.7.

1947
30.19.
14.20,A.
16.
16.
27.
34.12.
7.7.6.
7.

Deeper Water

1944
I.
II.
III.
IV.
V.
VI.

VII.
VIII.
IX.
X.
XI.
XII.

1945

1946

1947

26,B.26,B.
15,B.

30,B.18,C.
12.20,A.
22,A.
16.14.

12,B.12.
8.8.8.
10.11.6,A .
14.11.10.
25.7,A.
9.6.7,A.
15.15.8.8.8,A.8,A .
12,B.6,A.8,A .7,A. 4,A.4,A.8,B.8,B.9,D.9,C.
7,B.
7,C.7,B.5,B..",,C.6,D.
7,A.14,A.15,A.
16,D.
14,A.
3,A.7.7,B.
18.
7.7.7.

12.11.
13.7.
7,B.

found to be fastened to the shells and to indicate the relative abundance, D being the maximum.
Obviously folliculinids settled on the shells both in winter and in
summer, but during cold weather the records were sparse, so that
evidence of attachment of folliculinids to shells that had been exposed
for only a few days, as was sometimes the case in warmer months is
lacking.
'
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If reference is made to Table I, particularly to the data for August
1946 for both shallow and deeper water, it will be seen that many
exposures were examined and that there are indications of settling only
late in the month in shallow water but all through the month in
deeper water. Hence, since there is a diverse amount of settling in
months as well as years, we may infer that folliculinids in the Chesapeake occur at all times of the year in both the attached and drifting
phases; however, as a population, the folliculinids are essentially nomads visiting shore regions in great swarms during the warmer months.

DISCUSSION
Folliculinids in the Chesapeake have a wide distribution, and it is
inferred that the individuals frequently change their locations, since
transformation and migration are fundamental features of the life
cycle of all folliculinids. Throughout the Chesapeake the density of
occurrence varies greatly, not only from place to place but in each
place from time to time. Thus in late summer there is a maximum
display in shallow water, while during the rest of the year there is
evidence of intermittent occurrence in variable abundance which
differs from year to year.
In the laboratory it was seen that swimmers advanced so slowly
that they would progress scarcely 50 feet under their own power before
settling down, yet tide and current may carry them far. In the
experiments on "Parker Moore," settling on one part of the reef was
not always coincident with settling in another part, and hence there
appears to be no vast migration. As further evidence of this we might
point to the often observed fact that masses of folliculinid tests are
found along shore on only certain sections of an area of vegetation, the
intermediate areas being quite free of any. However, absence of tests
need not mean that no swimmers were in that region, for certain solids,
such as shells and leaves covered with slime and detritus, are not
suitable for attachment. For example, M etafolliculina andrewsi
Hadzi rejected certain substances (Andrews, 1915). Furthermore,
although clean plants destitute of tests may seem the same as those
that are crowded, such things as local temperatures or chemical factors
associated with springs or type of bottom may make such plants
inimical to settling. Almost invariably some tests were found on
shells that had been exposed for some weeks, while in periods of
greatest abundance it was sufficient for them to be down but a week,
or even three days, to accumulate tests; however, in shallow water
there were records of no settling in 34 and 39 days.
The maximum swarming of swimmers occurs in late summer at high
temperatures when other shallow water marine forms invade brackish
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waters and commingle with fresh water forms. In this temporary
exuberance of life, folliculinids crowd along the shore and present
certain aggregations that may be of significance.
As seen in Fig. 2, Metafolliculina andrewsi Hadzi sometimes fixes
its tests over the uniform surface of an oyster shell in irregular fashion,
scattered individuals living near together or far apart, with no orientation or evident connection with one another. But in the maximum
period, shells and plants near shore show the tests aggregated into
conspicuous clumps, as on the leaf of potamogeton shown in Fig. 3.
Often such clumps are placed with reference to some part of the leaf.
These groupings are made over and over again on plants as well as in
the laboratory; as seen in Fig. 4, they have settled on a glass slide in
an aquarium after swimmers had escaped from tests established on
the leaves. In these groups the individuals stand side by side or in
radiating fashion close together; though they may cluster in numbers
as high as 200, the number per group is limited, with the complex
often being much smaller. While some observers thought that such
accumulations were due to an increase of one pioneer individual, we
found, in the laboratory, that all members of the group are of about the
same age and that they settled down at about the same period; presumably the ones that settled first attracted others until many were
parked together, thus leaving few unoccupied spaces midst the whole.
The possible import of this aggregation may be that it favors conjugation, which has not been observed in folliculinids though seen in
their close relatives, the stentors, where two adults coalesce in the
peristomial region and exchange nuclear materials before separating.
Obviously such clumping would increase the chances of two joining,
and we suggest, therefore, that this clumping is comparable to the
"agglutination" in paramecia, where many adhere for a time and
ultimately join in pairs. In both folliculinids and paramecia there
are secretions involved in aggregation.
That conjugation has not been detected in folliculinids may be due
to its occurrence only at certain hours of the day or night as in some
paramecia. But failure to detect conjugation may be due especially
to its probable rarity, since we expect conjugation to take place between mating types only. Despite the crowding in clumps, it may
take many successive groupings to finally bring the right mating types
into juxtaposition, especially if there be several mating types.
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M etafolliculma andrewsi Hadzi, photographs by John S. Spurbeck. Figure I. Two individual•
enlarged, one contracted in its test but about to, protrude, the other extended, with its long
feeding lobes outside the test ; on leaf of Elodea from north of Baltimore. Figur e 2 . A small
variety scattered thickly over part of an oyster shell taken Vl/ 19 / 42 by Gorden Gunter in
upper part of Oransas Bay, Texas ; salinity 20.02 parts per mille. Figure 3. P r eserved leaf
of potamogeton, from Severn River, with clusters of individuals near edges and midrib.
F igure 4. Clumps formed on slide in aquarium by the settling of swimmers from leaves ;
enlarged from pres erved specimen.

