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INTRODUCTION

This program was designed to determine the communitics of aguatic
organisms fiving in the Savannah River in the vicinity of the Savannah River
plant of the Atomic Encrgy Commission, and the ccological characteristics of
the environment in which they are found. By carrying out such studics be-
fore the nlant started to operale and by continuing them after operation, any
adverse changes due to plant operations could be determined.  Although
these studies were designed to monitor river changes due to plant operation,
many interesfing scientific Tucts of theoretical interest have been obtained.
This is largely because all major groups of organisms were collected and
chemical and physical analyses were made at the same tGme,  All identifica-
ticns in the varibus groups were carried where possible to the specilic or
subspecilic level by qualified systematists.  Furthermore, the studies reported
here have been made in all except one case (Station 5) in the same areas
over nine years. and similar, if not identical, procedures have been used,

This paper sets forth the ccological, faunistic, and floristic results. The
results of value to the monitoring program, including the bacteriology studics,
have been set forth in various reports submitted to the Atomie Lnergy Coms-
mission and will not be considered in this paper.

The river surveys which are carried out by the Academy ol Naturad Sci-
ences are based upon the assumption that in natural areas ol mesotrophice-
to-eutrophic streams such as the Savannah River theve is o high diversity of
species, and most of them are represented by moderate size populations.
The number of species of any group, such s insedts or diatoms, does not
change much from season to season or area to area if pellution is not present
— although the kinds of species vary grently.  (Leonard, 1939, Pawrick,
1949, 1963; Gaufin and Tarzwell, 1955; Gaulin, 1958, Flicsch, [958). The
effect of an unfavorable environment, depending on the degree of severity,
is to lower the diversity of species, chunge the kinds of species, and alter the
relative sizes of the populations of species CThienemann, 1939 Patrick, 1949,
1961, 1963 Patrick, e al., 1954, Gaufin and Tarzwell, 1955, Gaulin, 1958
Hirsch, 1958; Cairns, 1965; ete.).  Often the structure of populations of in-
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THE INVERTEBRATES
METHODS AND PROCEDURES

Due o the great diversity of fornmy and habitar preference exhibited by
the invertebrates, they must be collected in a number of ways.  Slow moving
and sedentary macroscopic forms are most efficiently collected by hand-
picking with the aid of & blunt pair of forceps, o knife. spoon, etc. Most
molluses and bryoczoaz are collected in this manner. A dip-net is used for
collecting swimming forms and those that live on the surfgee of the substrate,
As considerable mud and silt are picked up in this type of collecting, the con-
tents of the net are washed in the river and then placed v o white enamel
pan partially filled with clear water for sorting.  Large forms can be easily
removed and small forms become readily visible apgainst the white background
—all specimens are romeved o collecting vials by means of forceps or a
pipette. A Needham Scritper, « wire mesh basket on a handle which 1s used
much as & ruke, s employed for eolfecting those formy that actually hive In
the bottom. This method is puarticufarly useful for many worms and mol-
fuscs.  Sometimes line mesh screens in the form of a small seine are used in
shallow water.  Most types of bottoms samplers arc not very useful in samp-
ling g deep river with o very limited shatlow water areu.

Some invertehrates ave pluced in alcohol or formalin in the Held. Samples
of bottom material and plant material wre taken buck to the Leld luboratory
for sorting under a dissecting scope — this technique cnables one to collect
many of the microscopic. specics.

in addition o the above methods, dredping was emplayed at all of the
river stations.  This method réveals the presence or absence of benthic fuuna
in the deeper water. The benthic fauna of the channel in the Savannah
River is insignibeant.,  This s probably because the bed of the river in the
deep waler areas. which is most of the river, consists for the most part of
shilting sand. The method of dredping and the resulls wre discussed in o
separate section.

Sampies of ol specimens collected were preserved in accordunce with
recognized procedures for specihic types of specimens and deposited 1n the
permanent collections of the Academy of Natural Sciences of Phifadelphia.

GeNeral, REMARKS

The so-called lower invertebrates other than Protozoa and insects in-
clude o farge number of phyla. Ay is characteristic of many river areay we
have studied, the numbers of species of any of these phylu which were pros-
ent in the Savannah River are relutively low.  The maolluscn were usually
represented by the fargest number of species ot a given time of study i the
various areas.  The Aschelminthes (rotifers, nematodes, cte.) or the Ane
nelida (sepmented worms) were represented by the next highest number of

species in an area ab o given time of study,  Probably because of the low
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numbers of species and the fact that this grouping s not a natural one, a
greater variation was present in the numbers of species at o given time of

study.

DESCRIPTION OF THE FauNa

The numbers of species of lower invertebrates [ound during the various
Surveys can be seen in Table 6. During the summer survey in 1951 rotifers
were commonly found ar all stations as was the worm Limnodrilies hofj-
meisterii and the snail Physa heterostropha. Unionid clams varied in nu-
bers of species at the various stations. The species most commaonly Tound
was Lampsiis dolubracformis,  Leeches were also commonly found at ench
of the stutions. The sphaerid clams were of spotty oceurrence during this
survey. : _

In the full survey the bdeloid ratifers were commeoenty found ar all sta-
tions. The other species of rotifers were of sporadic oceurrence.  The tubi-
ficid worm Linnodrilus hoffmeisterii was found at all stations. Physa hetero-
stropha was likewise present ut all stations in the spring survey.  The un-
ionid clams were common at all stations and many species were present al
each of these stations.  As in the summer survey, the arthropods were of
Spotly occurrence — that is, no species was generally found throughout all
stations, aithough some species of arthropods were Tound at all statjons.

The number of species found in the winter survey is given in Table 6.
The tubificid . worm, 1. hoffmeisterii was again found at all stations.  The
rotifers were not as common as in the previous two surveys, nor were the
unionid clams, but perhaps this was because of greater difliculty in coliecting
them as the level of the water was much higher during this survey.  During

this survey Palaemonetes paludose was found at all stations except Station .

Spongilla fragilis was found in the winter time at all stations, Phvsa fretero-
stropha, the gastropod, was collected at all stations,

In the spring of 1952 Plumiatella repens was found at all the stations
except Station 5. L. hoffmeisierii was again present ot all stations.  As
the winter, the unionid clams were much more difficutt o collect and there-
fore probably appeured to be of much more spolty occurrence. Of the un-
ionids, the only one collected at all stations in the spring was .. dolabrue-
formis. :

in 1954 the most common species af Station | were 2. heterostropha
and Pseudosuccinea columella, both of which are pulmonate snails: and the
sponge, Spongiiu jragiis.  The oligochaete worm population remained fow
and formed a very small pact of the fauna. Four species of pelecypods wore
found here. The small glass shrimp Palaemoneies paludasiey was also found
at Station 1. At Station 6A in 1954 there were fewer s species of clams pres-
eat than in 1951, Only Elliptio hopetonensis was present in sutficiently
large numbers fo indicate that a large population was established. A« at
Station 1 the dominant species of pulmonate snails ‘were heterostrophu
and P. columella,
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In the summer of 1955 wt Station 1 the dominant species of invertebrates
were the pulmonate snails, P. fieterostropha and Po cotimelia. Sphaerid or
finger nail clams (Musculinm sp.y were present among the riprap.  Six
species of unionid or freshwater mussels were the major component of the
fauna with respect to numbers of species; however. these species were not
represented by {arge populations. The most abundant of the vnionid species
were Liliptio hoperonensis and Lo dolebractormis,  The populations of
sponges, Bryozoa, were small and Iimited in distribution.  They frequently
appeared on submerped wood.  Ar Station 3 the dominant invertebrutes
were the pulmonate snails 7. fecerostropha and P, columefle. The numbers
of species of mussels had been reduced when compared with 1951, Nine
specics were taken in the summer of 1951 whereas only three were taken in
the summer of 1955, Oligochacte worms were fairly common at this station.
AL Station 5 pulmonate snails were the dominant species.  They were the
same as those found at Station 3. At Station 6A as ot Station 1 the most
common species were the pelecypod molluses L. delabraciormis and E.
hopetonensis, Occasional limpids, Ferrissia and P heterostrophe, were Tound
i shaifow waters, _

In the spring of 1956 at Station | the dominant species was the sponge,
Spongilia fragilis, A total of 17 specics of inverlehrates was coliccted o
this station in 1956, representing an -increase of four over the thirteen re-
corded in the spring survey of 1952, At Staticn 3 as at Station |, the sponge
8. fragilis was the dominant species on the submerged substrate.  The oligo-
chucte worm Limnodrilus sp. was also very common in the mud ut the bot-
tom. Leeches carrying newborn young were collected fairly commaonly at
this station,  When compared with the spring survey of 1952, there were
twelve less species reported st this station than at that time. At Station 3,
9 species of lower inverfebrates were found.  This represented o decrease of
43 percent from those collected in the spring of 1952, The greutest drop in
species numbers were in the oligochacte worms, the crustacea, the gastropods,
and the pelecypods.  The sponge, which had been common at Stations 1 and
3, was relatively rure in this area.  The dominant form taken here was the
amphipod Hyalelin azteca. ~ At Station GA the sponge, 8. fragilis was fairly
common.  Several species of unionid clams were collected af this time in
this area.  Also present in considerable numbers were Poluemeoneies pefi-
dosa and the amphipod Hyaleliy azieca. This station yielded len species, a
decrease of ten over 1952 These changes in the fauna may be in part due
to dredging activities,

As on the other surveys in the spring of 1960, the most profecied areus
at Statien | were along the feft bank of the viver. Rich populations of un-
ionids which were composed of mainly four species were found in among the
pilings on this bank. The specics forming these large populations were /-
liptie hopetonensis, F. incrassatus, 1. fisherianus, and L. cariosa.  Tubificid
worms were [airly common in the mud beltom close fo the shore along the
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left bank. The only other invertebrates abundantly present ot this station
were the two crustacen, the amphipod H. azteca, and the crayfish Procam-
harus pubescens. At Station 3 the fauna was much the same vs al Station 1.
Again the feft bank provided the most productive habitats.  The clenobranch
gastropod Amnicola limosa was only found af this station. At Station 5 a
total of 22 species were collected. This was o new avea this year, as the old
Station 5 ne Jonger tay in the main channel of the river due (o the changing
of the river channef by dredging. Therclore the results from this aren are
not strictly comparable with the previous resuits,  Nuid worms, crustaces,
were common here, Tubilicids were also commonly collected a1 this sta-
tion. The same four species of unionid clams as reported at Station | were
found fairly common here. At Station 6 the populations of lower inverte-
brates were relatively smadl except for the unionid clams. At (his station
most of the clams were found in the slough near the lower end of the station,
The more common species were Anodonra hallenbeckii, A coiiperiana, and
A dmbecilis. Also common was the "elenobranch  aastropod  Poniatiopsis
tapidaria,

In the fall of 1960 at Station 1, 13 species of lower invertebrutes were
collected.  As’in the spring survey, the most conspicuous part of the in-
vestebrate fauna at this station were the four species of unionids listed above.
AL Station 3 therg was a rich favaa of 19 species of lower invertebrates.
A farge number of mussels were collected belween the pilings on the left

bank. The four common species were the sume as those found at Station |

— Llliptio fopetonensis, E. incrassaris, B, fisherianus, and L. carfosa
There were also two other lampsiid species — L. splendide and Micromya
ogeecheensis, AL Station 5 there were extensive sponge colonies which were
largely composed of Trochospongilla horrida.  Associated with (his sponge
was the unasual bryozoan, Portsiella erecia. Large colonics of another bryo-
coun, Fredericella suliana, were also common, At Station 6A larpe mussel
populations were the most conspicuous part of the invertebrate fauna.  These
were I hopeionensis, E. fisherianus, 15 incrassains, ond L. eariosa. A ol
ol 9 unionid species were taken [rom this area.

When the spring survey of 1960 is compared with the spring survey of
956, there is w general increase in species present ab all stations.  In a
similar way there is a similar number or an increase of lower invertebrates
in the summer survey at all stations, but this is not so marked as in the
spring survey.  The only station at which there was a significunt decrease
in species as compared with the 1955 survey was al Station 6A. Twenty
species were reported in 1955 and only 14 in 1960,

Comparison OF FAuNas ON A GiviN Surviy
ani Over Tive inoa Given Aroa

‘the average number of species was 17, The amount of variation in

number of species was much greater than in any other group, beiny less than
-one half the mean in some cases {Table 6). This is in part due to the {ewer
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Sowatogyrus virginicus Walker
Cuenrrence: Apr. 1952 — Station 3.

Ecologicad distribution: The ecological range of this species covered the ranpe encoun-
tered in the river {or pH. Otherwise §0 was as foltows: Alk, 20.0-30.0. €3 -3, O,
S-100, DO 70900 Fe 6.07-0.1, Hardness FO-<C50, Coo <033, Mp <323, NH-N
L0510, NOSN G.001-<0.007, NOy-N GO7-0.2, PO 001005, 8Si0. 5 6.0-12.0, 80,
I Temp, 17.0-20.0, B.ODL 0.5-1.0, Turb, S0-100,

CLass PELECYPODA ‘
ORDER BULAMELLIBRANCHIATA _ o SPL
Fanmivy Unioninal
SUBFAMILY UNIONINAE

Elliptio hopetonensis (Lea)

Qucurrence: June 1931 — Stations 3,640 00 1951 — Stationy 1, 3 Apr. 1952
Station 5; 1954 — Stations 1, 6A; Sept. 1955 — Stations 1, 3, 5, OA;
May 1956 — Station 6A: June 1960 — Slalions 1, 3, 5, 6A; Sept, 1960
- Stutions 1, 3, 5, 6A,

Eeolagical diftribution: The ecological cange of (his specics covered the FHIGC CHACOLIN

tered In the river except for the following: Temp. 18.5-29.0,

Elliptio incrassatus {Tea)
Oceurrence: e 195 o Stations 3, AL Ot 19510 Stations 1. 3, 5. 6A; Apr,
1932 — Stations 1, 3; Sept. 1955 — Stations 1, 3, 5, 6A: June 1960 —.
Stations |, 3, 5, 6A; Sept. 1960 — Stations 1, 3, 5, 6A.
Feological distribution: The ceological range of this species covered the range encoun-
tered in the viver except for the following: CL <127 10, Tomp. 7.0-290, BOD. 00
< 5.0, :

Elliptio lanceolatus (Lea)

Occurrence: dune 195) — Station 3 Oct, 1951 —— Stations 3,05 Apr. 1952 — Sta-
tions 5, 6A; Sept. 1955 — Stations 3, 6A; June 1960 — Stations [, 3.
5, 6AL Sept. 1960 - Stations |, 3,5, OA. '
Ecologival distribution: The ecological range of this species covered the PANEE CNCaun-
tered in the river eseept for the following: Cl 1.0, .0, =50-9.0. Temp. 18.5-29.0.
Furb, 25-500,

Uniomerus obesus (Tea)

Ocecurrence: Oct, 1951 — Station 3.
Ecological distribution: The ecological range of this species covered the FRREe encoun-
tered in the river for pH. Otherwise it was as foliows: Alk. 20.0-30.0. CI 1-3, CO.
3.0-10.0, DO 7050, Fe 0.03-005, Hardness 10-<7850, Ca <33, Mg <33, NHe-N
4O09-0.03, NO-N 0.001-<70.007, NO-N 0.07-0.2, PO, 0.05-0.1, Sih =6.0-12.0. SO,
=M, Temp, 2000-23.0, BLOID, 00005, Turb, S0-100,

SUBRAMILY ANODONTINAE

Anodonta couperiana Lea

Oceurrence: lune 1960 — Station 6A; Sepl. 1960 — Station - 6A.
Ecological distribution: The cceological range of this speeies covered the TUNREC encoun-
tered an the river except for the following: Alk. =020, CF 5-<710, CO. »3.0-7.5,
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