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Budget Statement, 4 April 1974 -

1. Salary Alloted Committed Balance

a) Principal Investigator
b) Full-time employees
c) Part-time employees
d) Consulting algologists

$3,000.00
5,400.00
1,800.00

fee 300.00

$3,000.00
6,930.00

495.38
0.00

$0o00
-1,530.00
1,304.62

300.00

II. Equipment and Repair

a) Salinometer probe (replace)
b) Repair equipment

525.00
200,00

(292.00)
61.50

525,00
138o50

111. Supplies

a) Boat and experimental
supplies

bh) Miscellaneous

IV. Operation

a) Vessel upkeep
b) Mileage
c) Towing fee

V. Publication and data analysis

a) Xerox rental
b) Computer aid

200,00

50000

245019

500.00**
-45019

0.00

480.00
520.00
125,00

65010
564072
53.10

414.90
-44.72
71.90

650.00
1,740.00

3,060.00

11.90
0,00

638.10
1,740.00

VI. Indirect costs 3,060.00 0,00

f

Balance $3,513.11**

'unds obtained elsewhere

carry over from 1972 deficit in all categories
agrees within $14.10 of records kept by Principal Investigator
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Benthic Algae

During the period covered by this report (1 June-31 Dec. 173)
we collected 18 samples of benthic algae on two dates (11 July and
15 August 1973). The locations of the nine stations for each
date are indicated in Figure 1, which are exactly the stations
sampled previously in our algae study. Recause of the enormous
amount of time necessary to sort, identify and weigh each sample,
we were limited to only two collecting dates during the summer.
All species identifications were confirmed by Dr. Peter Edwards
of the Hutgers Botany Department. Analysis of the data was
similar to previous study periods and is given below.

1. Ordination Table I lists the relative rank-order of the
species of algae collected during the summer of 1973. The
species listed are Just those which occurred in sufficient
quantity to be sorted and weighed. Additional species, too
small or fragile to be quantified, will be given in an appendix
to this report. The rank-order for this time period was based
on contribution of each species to the total weight of all
species collected. Thus, Ulva lactuca ranked first since it
comprised the greatest total weight of any species identified.
Comparing the list in Table I with previous data (see Figure 1,
Progress Report #8, August 1972), we find that 12 species which
ranked among the top 15 previously are still among the top 15.
In other words, only three species have moved into the top 15
dominant species of benthic algae. These three species are
Spyridia filamentosa, Cladophora §M., and Enteromorpha linza.
Two of these (Spyridia and Enteromorpha) appear because of a
tendency to mis-identify these species in previous years (Edwards
made the final taxinomic determination in the present study).
SUvridia is easily confused with Ceramium and Enteromorpha
liftza must bg carefully distinguished from Enteromorpha intes-
tinalls, especially when size differences are not readily
apparent.

Two species which were previously in the top 15 dominant
have not been found during 1973. Ruppia maritima (a vascular
plant) was not found at any station; it is generally more
common in the sandy, easterly flats of the bay. Callithamnion
is a very small form and was not identified for quantitative
sorting.

Nevertheless, we find that most species which have been
dominant in Barnegat Bay since 1965 are still the dominant forms
in 1973. This is true whether one considers the frequency
rank (i.e., probability of encountering the species in a sample,
irrespective of biomass) or the biomass rank (i.e., the total
amount of biomass contributed by a species to the entire
collection). In short, those species encountered most frequently
are also occurring in greatest abundance.

There is one species which is of interest with respect to
rank in the collection, and that is Codium fragile. It will
be recalled that Codium did not appear in Barnegat Bay until
1965. It ranked 10th among all species by 1968 and then
became the most common algal species in Barnegat Bay by 1972.
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Table I - Relative rank-order ( by total dry weight of each
species over 2 dates X 9 stations ) checklist of
algal species in Barnegat Bay, July-August 1973.

Total Dry % of Grand
Rank Species Weight(gms) Total

1 Ulva lactuca 1t542.25 42.42

2 Enteromorpha intestinalis 601.40 16.54

3 Gracilaria foliifera & verrucosa 315,51 8.68

4 Codium fragile 287.21 .7.90

5 Ceramium sp. 277.68 7.64

6 Spyridia filamentosa 194.22 5.34

7 Chamnpia sp. 174.59 4.80
*

8 Zostera marina 125.02 3.44

9 Polysiphonia sp. 30.84 0.85

10 Polysiphonia nigrans 24.91 0.69

11 Agardhiella tenera 22.77 0.63

12 Ceramium rubrum 13.23 0.36

13 Cladophora sp. 13.07 0.35

14 Enteromorpha linza 12.60 0.34

15 Chaetomorpha sp. 0.01 0,0003

Total= 3,635.31

* vascular plant
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Table II- Number of species of macroalgae collected at
each station in the bay sampling area.

Station 11 July '73

I 13

II 9

III

IV

v

14

15

16

15

11

14

15 August '73

8

10

9

10

12

13

8

July + August
Cumulative #

14

11

14

15

16

15

12

VI

VII

VIII 8 14

11Ix _1X[= 12.7 11
x= 9
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Table III-Dominant species of macroalgae at each station in
the bay sampling area based on percent of total
dry weight of each sample.

Station

I

II

[II

IV

V

VI

II

II

IX

Date Species We

11 Jul. Ulva lactuca

15 Aug0  Gracilaria foliifera & verrucosa

11 Jul. Ulva lactuca

15 Aug. Ulva lactuca

11 Jul. Ulva lactuca

15 Aug. Ulva lactuca

11 Jul. Ulva lactuca

15 Aug. Ulva lactuca

11 Jul. Ulva lactuca

15 Aug. Ulva lactuca

11 Jul. Ulva lactuca

15 Aug. Ulva lactuca

11 Jul. Ulva lactuca

15 Aug. Zostera marina

11 Jul. Enteromorpha intestinalis

15 Aug. Ceramium sp.

11 Jul. Ulva lactuca

15 Aug. Ceramium sp.

of Total Dry
iYht of Sample

87°53

52.79

39.30

44.22

74.46

38,95

65.76

38.84

91.16

13.65

63.24

40.07

20.18

50,75

34°33

13,18

73.54

29.62

0
V

VI

*vascular plant
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Table IV - Total dry weight of algae (grams) at each .bay,
station, July and Aagust,.1971 & 73 (4 cruises).

Station July '71

I 162.15

II 41.60

Iii 181.85

IV
Iv

V 146.80

VI 177.10

VII 303,30

Viii 295.10

IX 243.70

= 193095

Aug. '71

46030

18.20

315.48

86.01

75.56

19.10

33.19

69.76

114,27

X.= 84.43

'*71

104.23

29.90

248.67

111.18

98.10

168.25

182.43

178,99

1WJui.'73

180.17

21.63

30.08

105.69

110,63

124.36

912.47

1,093.66

287.84

= 318.50

15Aug. '73

174,58

371.35

353,80

536.23

218.06

54,36

18.68

328.37

222.50

= 253.10

177.38

196.49

191.94

320.96

164,35

89.36

465.58

711. 02

254.67

: 140.19 = = 285.80
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However, during the late summer of 1972, we noticed less and
less Codium in our benthic samples. During the summer of 1973
we found relatively few specimens of Codium; but whenever it
was found, large pieces of the plant were retrieved. Overall,
Codium has dropped in rank first to fourth position. It appears
that this once "weedy" species is beginning to be out-competed
by the endemic species (such as Ulva, Enteromorpha and Gracilaria).
Of course, it must be pointed out that Codium is still abundant
locally, especially in the sandy parts of the bay where clearer
water is found (e.g., off Island Beach and in the vicinity
of Waretown).

Diverpity and Evenness. Because of the lack of sufficient
qualitative data, as of this writing, we cannot present data
on diversity and evenness.

Dominant species. In Table II, the number of dominant species
are indicated by station; these data are plotted in Figure 2.
It can be seen in Figure 2A that the number of species per
station for the two dates follow similar patterns, with no
major differences in species number along the axis of the bay.
These data are compared with similar data for 1971 and 1972
in Figure 2B. Although there appears to be a slight increase
in the average number of species found in 1973 over the previous
two years, this difference does not appear to be significant.
Thus in most samples we continue to find that 9-13 species
of benthic algae comprise the average sample in the bay. Generally,
as before, the fewest total number of species occurs in AugustS to September, When water temperatures are often highest.

Total Biomass. In Table III, the dominant species of algae
are listed by date and station. In this case, we have given
the species name of the single species which contributed
the largest amount of biomass to the sample. These data are
then plotted in Figure 3. It can be seen that Ulva lactuca
may comprise up to 87% (dry weight) of the sample; on the
other hand, Ulva may still be the dominant single species in
a sample when it comprises as little as 13% of the total dry
weight. Obviously, the diversity and evenness will be very
different in two samples where-the same dominant single species
occurs in differing amounts. Although Ulva is the singlemost
dominant species in Barnegat Bay, the proportion of this
species to a particular sample,,varies along the axis of the
bay. Furthermore, Ulva is not always the most important species
by weight, even though it appeared to contribute the most weight
to the sample in thirteen out of 18 stations. Only Gracilaria
and Zostera ever comprise more than 50% of the sample by
weight, and this occurred in only one sample each during the
summer.

In Table IV we have listed the dry weight, per sample, of
algae by station for July-August of 1971 and 1973. The data
for 1973 are plotted in Figure 4. Although the southern end
of the transect-generally yields higher biomass values perSsample, this pattern is not necessarily consistent (see, e.g.,
Station III in August 1971). We attribute the apparent bimodaJ,
distribution of algae, using biomass as a criterion, to two
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factors: A) the community of alpae in the southern end of the
transect is dominated by species that "prefer".clearer, higher
saline water (viz, Champia, Ceramium, Spyridia, Gracilaria).
These species, when collected, often fill the dredge tightly
and are packed in a very dense fashion within the basket of
the dredge. B) At the nothern end of the transect where
Ulva and Enteromorpha are the dominant species, the dredge
often comes up with a lot of mud and large chunks of algae,
which do not pack well.

Station VII, located at the end of the Oyster Creek
Channel, generally exhibits smaller biomass of algae per sample,
although the number of species present is not significantly
lower. This station often is characterized by large numbers
of starfish (Asterias forbesi) in the sample, although no
relationship between algae and starfish is implied. Also,
the intensity of channel dredging is probably high in this
vicinity.

It is of interest to note that the average sample in
July contains more algae than a sample In August. Furthermore,

.the algae samples for 1973 contained about twice the amount,
on the average, of algae for all samples as those of 1971 (viz.,
285 grams dry weight for 1973 vs. 140 grams dry weight for 1971
in the period July-August).

Summary. We have not performed the detailed statistical
analysis of the algae data because of unfinished backlog.
However, certain observations regarding benthic algae can be
made.

1. The dominant species of algae in middle Barnegat Bay
remain constant over time. There is a remarkable consistency
of the rank of certain species, both by frequency and biomass,
throughout the bay. Species number and biomass appear to de-
crease during the late summer (August-September).

2. The introduced species, Codium fragile, seems to have
reached its peak in Barnegat Bay. Few large plants were en-
countered anywhere in 1973, although smaller fragments were
often observed. The sandy banks around Waretown seem to have
been the location of the center of the population. In biomass,
Codium was not dominant at any station. It has moved from
ranking first among all collected algae, to fourth in abundance.
The decrease in Codium could result from increased competition
from other common species (viz., Ulva and Gracilaria).

3. The proportion of each species of algae to a particular
sample Is an unpredictable variable. While Ulva was generally
the single dominant in a sample, its contribution to a sample
varied between 13% and 87%. In other words, each sample had
a different proportion of its component algal species. The
reasons for these community differences are unclear; however,
the southern end of the bay has a community composition
dominated by red algae, while the northern end is dominated
by green algae.

4, We have not observed any major changes in the distri-
bution of benthic algae in Barnegat Bay. In fact, there seems
to be a general increase in the biomass of algae in 1973 over
previous years,
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Table VT New Species Reported for Barnegat Bay (Middle Region),

S

S

Aeginella longicornis (tentative)
Amathia dichotoma
Ampelisca adbita (tent)
Ampelisca vadorum
Ampelisca verrilli
Amphipholis squamata new 73
Amphithoe longimana (tent) new 73
Amphithoe rubricata (tent)
Amphitrite cirrata (tent)
Arabella iricolor
Asabellides oculata
Autolytus cornutus

Balanus eburneus (tent)
Batea catharinensis (tent)
Busycon carica (tent)

Carinoma tremephoros
Cerapus tubularis
Chiona cingenda (tent)
Corophium tuberculatum
Crassostrea virginica
Cueumaria pulcherrima (tent) new 73

Dysponetus pygmaeus (tent)

Edwardsia elegans (tent)
Eulelia viridis (tent)

Gammarus lawrencianus
Glycera capitAta
Golfingia improvisa

Halcampoides sp (tent)
Halichondria panicea (tent)
Haliplanella luciae (tent)
Harmothoe oerstedi (tent)
Hyale prevosti (tent)

Ichthyobdella rapax (tent)
Ischyrocerus anguypes (tent)

Jassa falcata

Libinia dubia
Lysianopsis alba

Maera danae (tent)
Modiolus modiolus (tent)

Obelia commissuralis (tent)
Ophiglycera gigantea (tent)

Palaemonetes pugio (tent) new 73
Panopeus herbstil (tent)
Polycirrus medusa
Pontogenia inermis (tent)

Sabella crassicornis (tent)
Spiochaetopterus oculatus
.Stauronereis rudolphi new 73
Stylarioldes plumosa

Tanystylum orbiculare (tent)
Terebellides stroemi
Thujaria argentea
Thuiaria robusta
Turbonilla interrupta

S
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Table VI Benthic invertebrates to be deleted
from previous checklists.

Delete

Ampelisca spinipes
Aphrodite aculeata

Batea secunda

Cerebratulus sp.
Corophium cylindricum)
Corophium volutator

urilonereis longa

Exrichthonius difformis

Gammarus locusta
Golfingia gouldii
Goniadella gracilis

Harmothoe extenuata
Harmothoe nodosa
Hypaniola grayi

jassa mamorata

Libinia Spo
Lumbrinereis tenuis

Melinna cristata

Onuphis quadricuspis

Polycirrus sp.

Scoloplos armiger}
Scoloplos sp.
Stherielais leidyi
Sthenelais limicola3
Stylarioides arenosa

Talorchestia longicornis
Turbonilla sp.

Changed Lo

Ampelisca vadorum & A. abdita
Harmothoe imbricata

Batea catharinensis

Carinoma tremephoros

Corophium tuberculatum

Arabella iricolor

Jassa falcata

Gammarus lawrencianus
Golfingia improvisa
Glycinde solitaria

Harmothoe imbricata
Harmothoe oerstedi
Asabellides oculata

Jassa falcata

Libinia dubia
Arabella iricolor

Asabellides oculata

Diopatra cuprea

Polycirrus medusa

Scoloplos fragilis

Sthenelais boa

Stylarioides plumosa

Erichthonius sp.
Turbonilla interrupta
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T:ble VII Complete revised h-:nthic inverterate list of .,l,"•l
Bay, 197(4

32o.o~o~o~ hylum Porifera
o Class Demospongiae

3lo3 o ioo i
3ao03o0oio 0

.3AC3o~oi oI

3 300oo0o Phylum Cnidaria
oo~o .Class Hydrozoa

Order Athecata
J,3oI,,Ve.Ol .1.

J-3eoI o3o3 ol

Order Thecata

3,0 44000ooo.

.3 -oo 44tavao.
20o Sip3 61

33o3oooooo Class Anthozoa
Order Actiniaria

,* 33••O5 el30,l

3 03 4o c -I o ~
S Z034SOI 01

330.3 4-&, oa oI

Order Ceriantharia
JU0o 3o o lI

Phylum Platyhelminthes
d.600O0o00o Class Turbellaria

Cliona colata
Halichondria bow'rbanki
Halichondria. paiicei. (tentative)
•Halic.cnns-1. ).
•'icrociona prolifera

Tld-rcntiJnia echinata
Pennar" la tiarella

Tubularia crocca

Cam-oanularidae (uirieatified speciss)
Obelia commissuralis (tentative)
Thuiari. orren tea
Thuiaria robuita

Diadumene leucolena
Edwardsia elegans (tentative)
Halcampoldes sp. (tentaiw;iv)

Hal l:• •',e].;•luela;.• leii t v:
H, f]. c:]..uva; p~od/c tat

iiotr'idiiur., .•t.AI tle -

agart ia luciae
Sag'artia modesta

Cerinathus americanus

3.05oaoloo Eupinua gracilis
J.Socloaol Stylochus ellipticus

4oooowPhylum Nemertea
Oowooooo Class Anopla

AqooLo Phylum Sipunculoidea

4OolcOoio a
4600/.301o

150101 oloEA,61101o.0.o

Carinohia trema.phoroz-
Cerebratulus lacteus-

Golflincia improvisa
Golflngia sp.
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Phylum Awnelida
Glass Polychaeta

4 So.o0oooo Order Phyllod.ocida
Ea~oe~odaO Family Phyllodoc idae

4Bo.ao5oI o I

480Oa0o50o1-01
~odo.~oio

4,&ao. ooob Family

C.•6~o oe F amily

P 4 90Roa .6o569
Polynoird.ae

4St6.20 o0AZ
Sigalionidae

. 4boa8o•1O/o
Chrysopetolidae

h-j. O jIjI .J: t ( n•to oat i;V-air, •J :'

rc~~-~iizspeciosa
Plc.ylludioce 3rr6o
Phyllodcce maculatL

•i-r•,othoe oers;.¶tui (ten~tative)

Lepidonotus squnmatus

Sthenelais boa

Dyspolietus pygriaeus (tentative)

Glycera americana
Glycera capitata (tentative)
Glycera dibranchiata

Family Glyceridae
4&o i o • e o I

Gon 8oaaje o
Gon iad~idae&8,.2ooo Family

14A0J1 :ooo..Family Nephtyid

•.noauoo Family Syllidae

#AaS0/oI Glycinde solitaria
Goniaoda riiaculata (tentative)
Ophkg].ycera giyeontca (tentative)

ae
q8oJ)3odoa Nephty:3 incisa
qoajwo'INephtys picta

sQo.2ogoooo. Family

48Boaooo6 Family

4Awolojo Autolytus cornutus
Hesionidae

" 0 qwo0 j Gyptis vittata

4Jgwoqo0>40 Podarke obsoura.
Nereidae

4g~~ao•Nereis aren•.ceodonta-

• l.:ereis dumerillii (Tentative)42ca1a?0*0 -Nereis polagica

4Aaou0o4o.3 Aiereis succinea
.&~oSi\`ereis virens8

4 6otoboooo Order Capitellida
4jýoo3eooo Family Capitellidae

4'6fl036joj Capitella capitata
'80-Yo-,630i Notomastus laterliceus

o.3•c6,oooo Family Maldanidae
4ao3a~o)lo Clyrenella torquata.-
@lo3soJola C].yvienella zonanl is.

B o3 65 05011.aldanc oars i
48,g,3o,o Nal0•anopsis eIon ",. -

0



uio6 oooooo Order )pio1ida'
4eOOee IFamily .pionidae

'd6ofaeaoao .
4B o5 o• , o701

4,e6oaofo9

*80o606o00o Pa;Aly Chaetoptcridao
480-o6 0o0 o I

4&'o.• b6• :'amily SabellrTriidcae

4/Oos~o• Order Eunicilda
4 8,• 0f 0 ,0 Family Onuphidae

,go•o0'bW0 6o Family Eunicidae

•o oo Far.ily Arabeilidae

a" o Family Dorvilleidae

48c*obolo I

.PCu&o•" cU.': *K37V.

oioar phyva 3a-,;vgu X .ie3

Arabe.lia iricolor

Stauronere''iz ruiolphi

(4 o9 00 o000 Order Aricilda
qEobooDj0 Family Orbiniidae

L4-R/o •o la,

ioowo.oo Order Cirratulida
L18,00fwco Family Cirratulidae

qBl~o.ojo oi

,-8io 01 o30J
q 81.o00o00 Order Terebellida

49wOoew0 Family Pectinari;dae

4S,,ýww Family Amphareiidae

,jjao03oo0 Family Terebellidae

'J1,,a03o10l

4 6iao3c6 c I
0,ac 030,5o 0

N-&tao 3ofoo.

481Sooo0oo Order F!:ibell.igc'-idl.q
.8' 3610oC Famnily Flabelii.c-rildae

415000oooo Order Sabellida
4 '5 01o0o6 Family Sabellidao

gS8iSo1 osoA
81501i 030 I

qlcgooeo Farmily Serpui-3-ae
4t$815o 101

Orbinia norve:Tica (tentative)

Scoloplos robustus

Cirrat- ulius gra.,is
Tharyx acutus (tentative).

Peectinaria ..ouldil

.Asa-beici ocuiat-

Aophi;1-ite ci -t)a (tentc ;ive)
Lamphitrltit j o 1 i,,.slorni (te--ntativ••t)

Al'j- '-), t ,J c O r l,. 16,,:

Pista palrata-

Pclycivrus exim-ius (tentative)
Polyci'.rhs medu: (tontative)
Toircbollides 3 '

Stylar'oidus p..umosri

Idrc'. r .p. ",,- : . .

1iydro~ric ýs c z2tI

S



Phylun Arthropoda

,06000000 Class Xiphosurid-a
600101 of o f ir i ~ .y'

00000000 Class Pycnogonida

5ooooooo o Class Cristacea
Subclass Cirripedia
? Order Thoracica

5.210/0(0I at
15.01 a f t 0/0/1

Ba, I; r,2tUvS

'Saod 1of 0,?,

?. ubclass Ni'alacos*tracea
(.313 00000 Order Nlysidacea

.5314040000oo

53 1.5006A00o

-131(00,06ooo

Order Cumacea

Order Tanaidacco.

Order Isopoda

Order Amphipoda

5S31(.000/0 , e31 '2- ''

S31(0 .1oa~0VO E(3-()tc C

-63 j 1. o.2 c 0 rc~ c ;z il-if oimis

SA10-130/ LdcocU I~ t c-I.

,6314 oocooo
. 3I13V, OO00

66:1; .. oo

Family Lysianossidec

Faminly Ampeliscidae

,52a';oý1oio3 Frip e v- 3.c, j ifl. ntativP

Family Call-lopiJ.'03ae
Calicu12 ;9.~tlZ~cluS(tentative),

55317iowoo Farnlly Gammaridae

1 -4 2 1 og c6 G,-ý.!Ti I i:..r 1 c

6314 at 0.106 Cr N I I .,U::ý 0 o r on a t u

( tciitativc

,531 7,R) a q Q i -ielitca nitiýla
..56JV00000 Family Bat eid~ac ec .½ikf>I t:ia y'

Family .Fontogeneiidae
Pont o'n.aie~

,53tI)_501C6o F.airil' Cor'op'l.iid.-ifaý
Y. . sN ..

.5bl-fo4oooo Fzamily

15 03i, 0 0~, C :: sl >

S~;,oo~Jrx CKL: Ž~!iao I v tc)

Ampith co iGub1,,



a
63-4a-oooo 0 Ramlly Ischyroceri• ae

S•30;.770/01 Jaiza f:c;. 4

,.J, 0 v U O •v " .I ., yI J L* Y .J" o .w a

•5jI;6,8Io6 G*G44 Caprellidae

e

'.513/•o o.3O1 'iji r"OU '*i.6D4 : ,. .. rp'- ;12ot..., .p,

J 31it pjo1 0i " r ?r' l " . .o *.' -i oo r rnis (tofat a0tiv )
~~~~CF)pr c , • ,., ., ,, a

431qoooooo Order Decapoda
Infraorder Caridea

,-3IqiVlOb Family hippolytijae
631qvno/o3 !ippo,.'fte _C"A:l.cola

J69olqooooo Family Crangonidae
,-.701ol Cr'angon FEcptenrsplnosus

£,3oeoo ' Family PalaemonidaeJ3/l•3o~o•Palaemonc:tes pugio (tentative)
6,3o o alae!,Yo-wto-! vuv ris

£SI't1,06oo Family fliajidae
5,3 11b,61oj Libinia lubita

,Sbq~qoooo Family Cancridae
.- D•sloio.? Cancer irroratus

Infraorder Jrachyura
6!Iqo,..o Family Xanthidae,•5•booo0 •01 'yp;.T.hO>:<•2 depr'essu:• ( tentative

•I%• obOOI Neopn:-epe t ..exan•a --

6?51It&,oo.,oI Panopci;•r h••b:;t ii (tentcti;le.)

•.•lIbooSol flhithvop.:opeu },rrisj

•l1•8oooo Family PortunidaeS
6&I958g.ow1 Caillinectcs sapidus

Cearcinxus ica
Infraorder Anomura

3qg4#oe Family Paguridae
3. 5319*oo5 Pagurus !onýr-gcarpus

Ooooooo( Phylum Mollusca
4qooweoo Class Gastropoda

Subclass Prosobranchla
Order Mesogastropoda

4qo4%otoLtf(1Jtilln C.2 tcrn-tum
4404&50,10 1 Uf'o)idi.la Corfliot.~
44 CW 6& 56 0Io, p 'c d i (I l o 'i . t i

; itto.n -i . .

i , tt o i r , jji,

Order.,oe1 PogroCCp ',PU P]. io' Ut tl
1+9 4 ,qalof 'ri•.'o ,9. ":..-' c! ct

Order Neogastropoda

oJ.',,OIOI o hi I
4•4'qo•.'t o, B~ RU •7"co:a

4q/~jaocto3 Nas s e z'.-,
• :uvl0t u
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4qq0olo~cNassarlus trivl.lattus (tent-tiv•;
,9ooiog Nassartus vibex

wJrosnlpinx clner,;ra
Subclass Opisthobranchia

Order Cephalaspidea
q-o,5Olc,0 Acteon punst-ostriatuIL; (tentr-tiveu
4qo54ao, }ilamlnooa solitarla
qqe515oo Turbonilla interrupta
-45/3W01 •ietusa canaliculata

Order Nudibranchia
, oo5•ioI Corambella obscura
4,0/00 Corambolla sp.
,9qf581cio1 Cratena pilata
qs0go90 10 6Cratena sp.
4qo5 Cuthona concinna

4qo8oocooo Class Bivalvia
Subclass Prionodesmata

Order Protobranchla
4-qoSllo/oi Nucula proxima
dqjo1ol 5olemya vellum
ooaol;ow Yoldia l1matula

Subclass Pteriomorphia
Order Prionodont ia

4q0B 1aoioa Anadara ovalis
Order Pteroconchida

,4 qgo.3o/o( Acquipecten irradiano
4qop,-76c/olCrassostrea virginica

Modiolus demissus
4QoF 5,o,ot Modiolus modiolus (tentative)

CA.2,5o~I Mytilus edulus-
Subclass Telodesmata

Order Heterodbntida
Chiona cin,-enda (tentative) 4

+qopijo/o, Ensis diructus
&MOS10E5olo1 Gemma gerrma
qqo 8 ,4qcyoI Laevicardium mortoni
"ioS59qoi Macoma balthica
4oqs6o5o3Macoma teenta
4qcA55o-1s Mercenarria mercelnar iu

0qo8,5oto/I -ya aranai'la
,.moFao/ Petricola phio]i.diformnis
4qoAspoqofPitar morrhuar, ýt
4qoL?.aoeolSpIsula soltdlsima
4oebo•baTaiTgolus divisus
4qoA5okmol Tell ina arilis

Tellina versicolor (tentaiivo'.,

oooeoooo Phylum Ectoprocta
towlo3o- Amathia dlchotoma
wooo3wo.i•. Bowerbankia gracilis (ton;..txxc;
"oaoqooi Bugula turrita
W0oJo56lOa i.lectra has tsinr.:sae
(owao2oloO Membranipora sp. I
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iiiylurm Pchinodermata 1,8ooooooo
•,•oloooo Class Asteroldea

IB•al5ootzi Asterlas forb,,:-i

po Class Ophluroldea

Clnss Echirioidea ootl3oAnpihls
•S /o/•l Arbac ja ptcku AII. kLa

Lo8o4ooftoo Class Holothuroidea
L,8oqo/o oI Cuciimarl.a pulchcrrl.:mn. (tt m,.,;.iv:
ev~c~Mocc/l Leptosyiapt;.:, te::nd.3:

Leptosynap;la roscola (tr:-tta'r.)
fSo4o ioI Thyone briareus

('4o000000 Phylum Hlemichordata
(9coio• t Saccoglossus kowalewskyi

Phylum Chordata
Subphylum Urochordata

1-o/~ooooo Class Ascidlacea
• 'Rof 10 Bottryllus schlosseri
1.410oYO/01 logula manhattensis

bac162o.-o/ Perophora viridis

-•bocooooo Phylum Chaetognatha
71ole/o/6/ Sagitta elegans
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Invertebrates

Our study of invertebrates during 1973 included observations
in six principle subject areas: 1) Quantitative samples taken
at four bay locations and two creeks (a total of 52 samples);
2) Qualitative samples taken at five bay locations (a total
of 30 samples); 3) A designed experiment, using pre-determined
radii in the vicinity of Oyster Creek ( a total of 60 samples);
4) A continuation study of the invasion of untreated wood by
Bankia (a total of 48 samples); 5) A summary of a study in
oyster growth near the power plant (a total of over twelve thousand
observations); and finally, 6) A careful taxonomic review of
recorded invertebrates from Barnegat Bay. Each of these topics
will be dealt with below.

1) Taxonomy. Since 1965, a type specimen collection of
the benthic invertebrates of Barnegat Bay has been assembled
and updated. During the winter of 1973-74, a careful review
of the type collection was made in order to validate the
species collected. In addition, a large data matrix has been
complied which lists all species ever collected in Barnegat
Bay and their frequency of appearance.

Table V lists the species which are reported for the first
time from the middle region of Barnegat Bay. The reason that
this list is longer than usual is because of corrections made
ih the taxonomy of previously recorded species. One notes that
only five new species were reported in 1973; these species have
never been previously reported by the present authors during
the course of this study. Alas, 29 species are reported as
being tentatively identified. This is because the specimen
was either in very poor condition, or we are being conservative
in our judgement ( we need the assistance, obviously, of
independent experts for confirming our type collection).

Table VI lists those species where identifications have
been proven to be incorrect. With-the use of better keys and
more patience in identification (a notably time consuming task),
we have been able to demonstrate that previous identifications
were in error. We have gone through our original data and
noted corrections in taxonomy wherever necessary.

Table VII lists in phylogenic sequence all of the species
of benthic invertebrates found in the current study. This
list is our most accurate compilation of the species recorded
for middle Barnegat Bay. Whenever a species identification
was. not absolutely clear, we have concluded that the identification
was tentative. We expect to eventually offer a list of the
species of invertebrates according to their habitat and
abundance in Barnegat Bay. In addition, several species found
in our fouling and/or plankton studies may not be listed in
Table VII.

2) Quantitative samples. On five dates, during the period
18 July- 23 October 1973, we sampled four regions in the bay
(Stouts Creek, Forked River, Oyster Creek, and Waretown,.totaling
52 samples). At each region we sampled three stations, and at
each station a sample consisted of seven consecutive grabs
with a Ponar dredge. Hydrographic data was taken and the volume
of the sample was recorded. The sample was washed through
nested screens(2mm.) and the organisms present were placed in
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plastic containers and packed in ice. All sorting identification
was preformed using live material. Each sample was weighed
for total dry biomass. Diversity and eveness calculations
were performed on all samples.

Table VIII lists the average number of species and mean
diversity of all samples collected in 1973 and compares these
data to previous years. Review of Table 7 in Progress Report
No. 8 indicates a general trend for the bay; i.e., there are
about 20 species of invertebrates, on the average, taken per
sample. In late summer 1972, we found that the Forked River
and Oyster Creek areas experienced an increased number of species
per sample. However, during the sampling period of 1973, the
average sample in the bay still showed about 20 species per
sample (estimated in orders of magnitude). There seems to be
a slight increase in the average number of species, per sample,
in the bay between the period 27 August 1969-26 June 1972 and
the period 12 July 1972-23 October 1973. However, the overall
pattern, based on all data between 27 August 1969-23 October1973,
still indicates about 20-22 species of invertebrates taken
per seven ponar grabs with a Ponar at one location in the bay.

The canal or creek stations continue to demonstrate about
half the number of species as normally found in the bay. The
canals are generally disturbed areas and the existence of stress
(thermal as well as turbulent) may contribute to the lower species
number. Nevertheless, we still find about ten speceis, on the
average, per sample in the canals.

Figures 5,6,8, and 9 all demonstrate a phenomenon which
was readily observable in the field during our collecting trips.
Generally speaking, 1973 was not a rich year for invertebrates
in Barnegat Bay in comparison to 1972. All stations showed a
distinct decrease in t e number of species (Figure 5), diversity
(Figure 6), biomass/m (Figure 8 ), and number of individuals
per meter squared(Figure 9). This decrease seemed most
notable in the density of individuals in the sediment, and
was found at all locations in the bay. Associated with the
decreased richness, we found a decreased dominance--this is
reflected in the increase of eveness(figure 7). The summer of
1973 was not unusual relative to 1972--in fact, both summers
were preceeded by relatively mild winters with little or no
snowfall. Because the decrease in species richness and
abundance was widespread (both in the bay and in the canal),
it is difficult to speculate on the possible cause. As will
be demonstrated presently, we feel that thermal stress has
not played a significant role--to the best of our persent
understanding of Barnegat Bay--in the dimunition of species
numbers and individuals. The changes observed over the
past two years are seen more readily in the estimate of
density rather than species numbers. Interestingly enough,
while we observed a decrease in the invertebrate populations
and biomass, the benthic algae experienced one of the best
years yet. Such natural cycles are not uncommon and we
expect that the benthic fauna will improve in the future.

However, as a word of caution, we continue to observe

a decrease in dominance in the invertebrate community. The
prior dominants Mulinia and Pectinaria still have not made a
significant comeback since their crash (July 1970 for Mulinia)
Also, it is possible that we are beginning to observe real

changes in the nature of Barnegat Bay. There is no doubt

in our mind that Barnegat Bay was used by people more during
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MEAN NUMBER OF INVERTEBRATE SPECIES AND MEAN DIVERSITY
INDICES FOR THREE TIME PERIODS FROM

27 AUGUST 1969 THROUGH 23 OCTOBER 1973

STATION 12 July 72-16 Au1 72.
TOT Mean Mean/.

Samples Diversity Species

18 July_ 3-33 ootn
Tot -lean Mean i

Samples Diversity Species
I -.

S.C.
F.H.
o.0.
F.R.
0.C.

6
6
7
3
3

1.626
2.693
2.370
1.823
1.920

25.33
34.83
31.14
12.67
14.67

13
13
13
3
3

2.423
2.663
2.629
1.338
1.594

22.30
22.38
24.00
11.00
9.33

canal
canal

* Mean Values for above time
Deriod.12 July 72-23 Oct 73

** For comparison, from
Report /!8, Means for
27 August 69-26 June 72STAT ION

STATION Tot # Mean Mean #
Samples Diversity Species

Tot # Mean Mean #
Samples Diversity Species

S.C.
F.R.
O.C.
F. Rcanal
O.Ccanal

19
19
20
6
6

2.025
2.678
2.500
1.581
1.757

23.82
28.61
27.57
11.84
12.00

113
105
130
42
41

108794
1.8928
1.7496
1. 1984
1.4332

21.01
21.72
20.61
11.34
11.02

STATION

S.C.
F.R.
0 .C.
F. R. cana]l
0. Ccanal

!* Grand Means to date. time period _2 August 69-23 Oct___
TOT 'i Mean Mean #
Samples Diversity Species

132 1.916 21.71
124 2.089 23.44
150 1.937 22.35
48 1.294 11.46
47 1.514 11.26

NOTE: * These values are means of means for each of 2 time periods.
•* These values are means of means for each of 6 time periods.
'* These values are means of means for each of 8 time periods.

S
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Figure 5

a

Comparison of the number of speciesper seven ponar grabs at each stationfor 1972 and 1973
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Figure 6 Comparison of the diversities at each
station for the years 1972 and 1973
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Figure 7 Comparison of eveness values for each
station for the years 1972 and 1973
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the past summer than we have ever noticed before. The boating
activity is extremely high and the amount of debris which
we found floating and in our bottom samples increased in
1973. Of course, we cannot validate this with cold hard
data, but it is apparent to us that Barnegat Bay may soon
reach the threshold of Its resilience to its use by man. We
urge that careful consideration be given to the continued
development of Barnegat Bay because there are aspects here which
are just not being measured.

3) Qualitative samples. On two dates (28 July and 11
September 1973), five transects were surveyed for benthic
invertebrates. On each transect (see Table X for positions
In Bay) three stations were sampled. Each station consisted
of a 2.5 minute trawl with a small oyster dredge (wire basket)
on a line perpendicular to the shore line. All species were
sorted live on board, and a random quantity was brought back
to the lab for identification of small and/or encrusting forms.
We were primarily interested in those species which generally
are at or on the surface of the bottom sediments. Table IX
gives the distribution of species number by date and station.
Using this data, an analysis of variance was performed in an
attempt to detect differences due to position in bay or time
of sampling. As might be expected, there were no differences
in any effect measured; that is, the samples were remarkably
uniform over date, station and direction (east to west or
north to south). This region of the bay, between Stouts Creek
and Oyster Creek, is rather uniform in average sediment composi-
tion, species composition and hydrographic analysis (except,
of course, for the thermal effects in the vicinity of Oyster
Creek). It should be recalled that while dediments do vary
locally, on the average the three regions ( Stouts Creek,
Forked River and Oyster Creek) are rather similar. Also, even
though the mouth of Oyster Creek reported the lowest species
number, this value was not significantly lower than other
regions In the bay. It is apparent, however, that the transect
directly off Oyster Creek had fewer spectes, on the average,
than any other transect, although the significance of this is
not clear.

Figure 10 is a plot of the data obtained during the
qualltative sampling program. No patterns are apparent here;
generally, we find fewer species sampling the epifauna than we
do when we sample the infauna (15 vs. 20).

4) Radii study. In attempt to assess the local effects
of the thermal plume emanating from Oyster Creek on the benthic
organisms, we performed the following designed field observation.
On four dates,( 6 July, 20 August, 29 September and 13 November 1973),
a series of stations were selected on transect which radiated
away from the mouth of Oyster Creek. Transect I ran parallel
to the shoreline, south toward Waretown; Transect III ran per-
pendicular (straight out into the bay); Transect V ran parallel
to the shore, north toward Forked River; Transect II was 450
between I and III; Transect IV was 45@ between III and V. On
each transect we made three stations: Station A in the vicinity
of Light 3 off Oyster Creek, Station B, about 0,25 miles from
A, and Station C, 0.5 miles from A. These stations could also
be arranged as five stations on each of three circumferential
transects: Transect A (five stations near Light 3), 0.25 miles
from mouth.of Oyster Creek; Transect B,(five stations), 0.5
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Table IX Numbers of species collected at each of 15 Bay stations
for 28 July and 11 Sept, 1973. Encircled numbers
represent stations.
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Table X.

QUALITATIVE INVERTEBRATE STUDY

NUMBER OF SPECIES

STATION 28-July 73 ii Sept 73

2 14. R:16.3 2 x=19.3
3 17J
4 1 17-
5 16 =16.0 221 x=20.6
6 16 23)
7 1? - 24 i2.
8 15 X=17.6 9
9 30

10 24'~1
11 10 =16.o 14 X=15-0
12 14 21.)
13 8 '1
14 20 x=13.3 20 7=12.6
15 12) 12J

- 5.8 =17.7 x=16.7

STATION LOCATIONS

O.c. F.R. S.C.

13 12 7 6 a
14 11 8 5 2

15 10 9 4 3
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miles from the mouth; Transect C (five stations), 0.75 miles
from the mouth. At each station, 7 ponar grabs were made,
hydrographic analysis and station locations were noted. From
the data generated In this study, an analysis of variance
was performed to answer certain questions listed presently.
The raw data from this study Is presented in Figures 11-20.

The results of the analysis of variance are given in
Figures 21-22. A discussion of the factors analyzed follows.

1. Number of species. The average number of species
on the inner circumference (Circumferential Transect A) was
significantly higher (P .01) for all dates(Figure 21A); this
was particularly true when comparing Transect A with B
(26.75 species vs. 19.95 species). With respect to date, August
showed a significantly higher (P•.05) number of species at
all stations than did the July, September and November collec-
tions. With respect to the radii transects, no transect was
significantly different from any other (over all dates).
Finally, there were no interactions that were significant.

2. Number pf indivlduals/M2 , With respect to date,
August showed higher densities of individuais for all stations
compared with September and November (525/N vs. 179 and 307/m 2 ,
respectively). However, no transect was significantly
different from other transects over all dates--this was true
for both radiating transects and circumferential transects.
There were also no significant interactions.

3. Diversity index. The degree of species richness
of the inner transect is reflected in its significantly higher
diversity index. In fact, both Transects A and C were signifi-
cantly higher (Figure 21 B) than Transect B (2.632 and 2.538
vs. 2.185). Again we found that there were no significant
differences due to radii positions; nor were there differences
in the stations from date to date. Fina]ly, there were no
significant interactions.4. Biomass. If one compares the total dry weight of
those organisms Oaught with 7 ponar grabs, we find that the
August collection was significantly higher In biomass than
either the September or November collections (1.2495 grams vs.
0.4475 and 0.5855 grams, respectively). There were no signi-
ficant differences due to radii or circumference; also, there
were no significant interactions.

5. Temperature. As one might expect, there were
significant differences from station to station for both
circumferential transects and radiating transects. The
inner most circumference (Transect A) was significantly
warmer (P40.01) than the outer two circumferential transects
(i.e., A>B,C, or 22.10> 20.9 a 20.30 C; see Figure 21D).
With respect to radiating transects, we found that there was
a significant (P(0.05) drift of warmer water in a northeasterly
direction. That is, the warm water plume coming out of
Oyster Creek bent to the left (headed north and east) when it
entered the bay (see Figure 22A). This seemed to be the case
on all four dates; however, on all trips we experienced strong
southerly wimds. Of course, as expected, we found differences
in surface temperature due to date (July, 29.37"> August, 26.770?
September, 21.56*)November, 6.740 C).

With respect to bottom temperature, we did not find any
significant drift of warm water. However, we did find a cir-
cuniference effect; that is, the inner circumference was
significantly higher (P< 0.01) than the outer two circumferential
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transects (see Figure 21C). Also, the temperatures on the
bottom decreased over the four dates (July, 27.04*7 August,
24.890> September, 21.1507 November, 8.27e C).

6. S'l1n!ty. We found that there was a significant
(P< 0.05) influx of higher salinity water frOm the southeast,
(Figure 22B), correlated with the loss of warmer water to the
northeast. That Is, we found evidence of entrainrinnt. or
southerly bay water into the middle portion of the bay. I'Yhis
was only significant on the surface and was probably due to
strong southerly winds. We found that surface salinity did
not vary significantly from one circumferential transect to
another. However, salinity increased from one date to the
next (July 19.03(August, 21.40<September, 25.08<November,
26.02 olooi.

Bottom salinity showed a significant (P< 00.1, 0.05)
increase as one moved away from the region of Oyster Creek.
Since the bottom temperature was higher near the mouth, then
there is a probability that some vertical mixing is occurring
where the warm water from Oyster Creek intercepts the bay.
Oyster Creek has a slightly lower salinity than the bay water
because fresh water from Forked River is drawn into the coolant
water by the pumping action of the power plant. Again we found
that bottom salinity increased throughout the summer and fall
(July, 21.72, August,(21.93 September, 26.55, November, 26.600/00).

7. Light. Penetration of light, as measured by a
standard Secchi disc, demonstrated a lower light (PC0.01)
transparency near the mouth of Oyster Creek and increasing
clarity as one moves away from the Creek (see Figure 21F).
There were no differences due to radii; and no significant
interactions occurred. The water in September was significantly
clearer than in July and August (3.86> 3.47, 3.26).

Qjscjgio. All factors measured and analyzed (statistically)
indicate that the region around Light 3, immediately off the
mouth of Oyster Creek, is a biologically richer place than
adjacent regions. We,,of course, are restricting our comments
here to bottom fauna. What emerges is an indication that
warmer, low salinity, high detritus-containing water appears
to flow from the mouth of Oyster Creek. The power plant
causes water to be pulled in from the bay near the mouth of
Forked River; this water mixes with fresh water from the
north branch of Forked River. As the water passes up the south
branch of Forked River, a great deal of turbulence occurs due
to swift currents. The water is then heated on its passage
through the condensers. No doubt some organisms are either
killed or damaged, especially the plankton. This results in
a raised detrital load in Oyster Creek--which then passes
directly into the bay. Once the thermal plume hits the bay,
some mixing with bottom water occurs, but most of the water
is carried out into the bay. In the present study, there was
a significant northerly drift of the thermal plume. Those
benthic invertebrates near the mouth of Oyster Creek are
at a distinct advantage because they are constantly supplied
with slightly warmer water with (presumably) higher organic
content. It is, therefore, not surprising to find more species
in this area. However, there were not increased numbers of
individuals. It appears that species number is more responsive
to differences in regions than the density of individuals.
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Fig. 11.-!3ol-ure (liters)
of samples (7 ponar grabs)
taken at. each of 15
stations on 4 sampling
dates.
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Fig. 12 - Number of
species per sample
(7 ponar grabs) at
each of 15 stations
on 4 sampling dates. 1 A6

6 July 73

3&(0

FR. 15 .16 - Z7--o0c. - . -o --. o -/9 WfrN,

20 August 73

4'
aD Ig

39 3 30

\ /7F.R, It -- 15-- •A-- 0.C.--#3 -- II-- .•0 r.'.

I5
'it.
ia //I

29 September 73

FR. !1-- 3--25 -- 0. C.--26 -- /7--,Z-A Wt,

33
I16 ./ x

13 November 73 30

N~AY

a3.x

I.

S /
Station means over
4 sampling dates X;z .5

102.



?!.

Fig. 13 - Number o
individuals per M'
at each of 15 stations
on 4 sampling dates.
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S
Fig. 14 - Biomass (gms)
of benithic invektebratea
collected at each of
15 stations on 4
sampling dates. Otb?-0Y
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Fig. 15 - Diversity
index (•) at each of
15 stations on 4
sampling dates.

6 July 73
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S
Fig. 16 - Surface water

temperature (degrees C)
at each of 15 stations
on 4 sampling dates.

a9.ooI
.18o

aq.50

6'. July 73

20 August 73

I
IN, 33o0 0
30.30 31.90\I/

x
,l.60

I-,. I J

Xj-. 950 -t 90 a9,0 - 0. C- 30. o 0 all.S -aO WT .j

a,.0I a.I..o

a. 9 .0o .

Fa - 0 C.

FR. • .o • ,j.oo -- 30.00 -- 0. C. -- a7.•o - • 7.0c -- ,s .•o !Wj/ N.

ala.,oo
also
a g, o aI

.7
a.I.$O
als

29 September 73

FR. &17 - at, so -- A110 -- o. C. - ai.oo - a-.5o - -.oo WT.

6.001
7.?o

.00
13 November 73 36 .37

'.Ha/
6,¥f5

FR. ? 5o - a-go -1.3 0 - 0. C.- 6.JO - 4.90 -50 WTN.

IIL'1LS

/•.02O
Station means over
4 sampling dates \

21-11 a~a-30 0. -' '. 2;L1 .d. oo -



4-,

Fig. 17 - Bottom water
.temperature (degrees C
at each of 15 stations
on 4 sampling dates.
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Fig. 18 - Surface
salinity (ppt) at
each of 15 stations
on 4 sampling dates,
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Fig. 19 - Bottom
salinity (ppt) at
each of 15 stations
on 4 sampling dates.
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a
Fig9 20 - Secchi depth
(feet) at each of 15
stations on 4 sampling
dates6u3
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Bottom Temperature (OC )
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Figs. 21A-F - The results of the Analysis of Variance
carried out on radii cruise data. An arrow from one
circumfrence to another indicates that the mean value
for the circumfrence at the s~art of the arrow is
greater than the mean value for the circumfrence at
the end of the arrow. Probability values are the
probability that the difference is due to random
variation,
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Fig. 21E
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Fig. 22A d-.35
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Figs. 22A&B - The results of the Analysis of Variance
carried out on radii cruise data. An arrow from one
radius to another indicates that the mean value for
the radius at the start of the arrow is greater than
the mean value for the radius at the end of the arrow.
Probability values are the probability that the
difference is due to random variation.



5) B,.ni stutly. W:e have uon'.LinuI.U7. o~ir pnilioir ro-
z .- am of the shipworm or borinv, clam (?,.nk]. l,-Y.I] n.) '-

nique was simply to place replicate SalpiC: o[ -.ufe( I,-].;•,
fir blocks (2x3x6") into the water colum ati -.x loc.siox
(Intake arid Outfall canals adjacent, to the po s'.fr PI.- n.;
Oyster Creek, downstreamu of the marira arc:.u;; ,'or'•l,. j 'er,
at Beach Blvd. bridge; $touts Creek, near i-lh. mouth; alvll
Waretown, near the public pier). The boards . hurr aout
two feet apart and the supporting rope was i;,i!:.;htd. c,} toT
board usually was one to two feet beloW the low u.•ter mark.
On several occasions vandals had stolen the wc1'"hts and
the boards were floating at the surface. The w-;.;les ,ere
brought back to the lab in plastic bregs under rcfIr'i-r.:.tirjrn.
Examination for Dankia took place within two "Lays. »r;h
board was scraped clean of all encrusting orw;.sn,,1s and 1aS
them examined under a dissecting microscope for the characterictic
holes made by .ankia. All surfaces, except the two ends
(where end grain appears), were enumerated. The results of
this study are indicated in Figures 23-26.

The earliest boards were set out during the first two
weeks of June, when we recorded the highest :"cat.ch" of
Bankla throughout the six stations. As can be seen from the
plots of mean number against date, there were very high densities
of Bankia on both the top (Figure 23) and bottom (Figure 241)
board. In fact, we found more Bankia in one sample at- Waretown
during the June-July period then we did for all samples durlng
the previous year. The number of new Banki. dropped very
rapidly through the summer-they were almost non-existent by
the middle of September. The mean number of all four boards,
per station, is indicated in Figur!* 25.

A plot of mean number of new Bankia by station is indicated
in Figure 26. The boring clam seems to be most common at
Waretown and Forked iiver (two very different locations both
in terms of wave action and water clarity). The lowest numbers
of Bankia occurred adjacent to the power plant, with a slight
increase in numbers within Oyster Creek.

The temperature and salinity values for the selected stations
are indicated in Figure 27 A and B. It is obvious that all
stations behaved in a similar fashion over the time period.

As can be seen from Figures 28 and 29, which are sumnary
records for Bankia in 1972, the overall pattern of distribution
of Bankia has not changed much over the tw.o years. What has
changed, of course, is that there are many more Pinkia recorded
from the middle region of Barnegat 3ay in 1973 compared to 1972.

6) Oyster Growth Study - Over the period August 1972 - July
1973 over 12,000 individual measurements of oyster.s (Crassostrea
virginica) have been made in ordea.- to determine if ther-e iu a
difference in the growth of oysters cultured in.side ai'd iu.i• A the
influence of the thermal plume.

The stock oysters used in this grcwth e.:.p. ri.e
collecLed from Delaware Bay in th;e form of sa -• ia, - >;,
The oyster bearing siells were strung on rkylon "cp." i0 -. Li. :c..
rope. A total of 14 of these long linri wore n-;'c pendud in Lhe



2000' 0

0

* S

53

500
FIG 23 Plot of position

means by date and
station.

400--
TOP: BOARD.

S

a

3o0
0

125C

• 200

S

S

S

4

S

S

S
S

150 A~
S

S

S
S

S

S
S

S

S

S

- S
S

S

S

0
* S

S

5

July Aug



1 54
2000

1950 { i l-

" . FIG.24 Plots of position
means by date and

500 "._ station.

40 BOTTOM BOARD

35e

30o

250." \a
\a

200--

150-

a

a

100-\

50- .09;

.... n •

0

July Aug Sept Dec



55
-1~

I WV
450

4o(

9

FIG. 25 Mean numbers of Bankip
versus time for each
station.

L

300-

*~250-

200-

150-

1 00

\ \

9

0

Auet.

bT~A E

I~k-



56200(

a
451

FIG.26 Stations ranked lowest
to highest for mean number
of Bankia, according to
date. /

!
!

i

35(

30(

I

I

I
I

1
.1
I
I

IcI
Aim2

iLA.0

LU

2 /
I

I

/

/
I

/
f

/
100.

50

44U,
I so * r

/ I

/
0

8I
I

I
S

0

_I-
"@

°A
@ b

--a0
outfall intake O.C. F. R.WT



57

0C 0/0o

rVALL

30-

25"

20" C?

15-

10

5.

0
Jun- July- Aug- Sept- July- Aug.- Sept-
July Aug. Sept Dec. Aug. Sept. Dec.

FIG.27 A

B

Temperature data versus time for each Bankia station.

Salinity data versus time for each Bankia station.



~.OO c7L

a'000

15-00-" -

QIooo p~
00 a

500Z
237'

6 0 Zo a' 0 .I

0 9j /
O.C OC OC.FR ý-R FR 5C SC WýRTO•

PIOUTH MF1RI.ff_ CUTH[L f!Ol.TR BRIMxDE ThPKE W1OTORnp hC

Figure 28 Summary records for Bankia in 1972
cc



M EAN
NUMIBER
- F

OF
BAfNKTLA

PER5AMKLE

50

qO0

30

,1I.,I

ýOV7

o0 [qI.G p

4

I0

0

011 (

L 0.5.lo-I I0.3 0.0
oc

mou7H
OC

MFTRINR
FRM0•I FR FR

GIo WNTA
5CMlOUTH

cSC WHORE-ow
UI,,..R.

\JC



60

and outfall canals (before dilution) within the confines of the
power plant. (Four lines set out on Aug. 18. 4 lines on Oct. 13
and 6 more on Nov. 10, 1972). Shell length measured from umbo to
shell edge along the vector of maximum length was used as the
indicator of growth. Measurements were taken at monthly intervals
using vernier calipers.

In Fig. 30 we have plotted mean shell length against time
for the Initial 4 lines of oysters set out on Aug. 18, 1972. Over
the period Aug.- Dec. we see that except for the first month of
growth, outfall growth exceeded intake growth in all cases. The
average length of both intake and outfall oysters at the start of
the experiment (Aug. 18, 1972) was 175mm. On Dec. 8, 1972 intake
oysters averaged 22.10mm in length while outfall oysters averaged
43.43mm or very nearly twice as long. In addition we see that
while intake oysters seemed to stop growing early in October, out-
fall oysters continued to grow into late November. Outfall oysters
then, grew at a greatly accelerated rate when compared with intake
oysters over the period August-December, Intake oysters, on the
other hand, seemed to grow at approximately the same rate as
Delaware Bay oysters as determined by comparative measurements of
stock, Delaware Bay oysters.

Since shell deposition is not necessarily correlated with
an increase in the living tissues, a dry weight analysis of 37
experimental oysters was carried out on March 3, 1973, approximately
7 months after the start of the experiment. In Table XI we see that
17 randomly selected intake oysters averaged 0.155% dry weight
while 20 outfall oysters averaged 24.64% dry weight.. it is apparentSthen, that tissue growth, as well as shell growth, is greatly
accelerated in the heated effluent waters, at least over the period
August-December.

After a period of little or no growth extending from late
October to late March for intake oysters and from late November to
early March for outfall oysters, the pattern of growth described
above (ie. outfall oysters growing faster than intake oysters)
resumed. At some point between April 28 and May 25, 1973 however,
the pattern was reversed as the rate of growth of outfall oysters
suddenly dropped to below that of the intake animals, (See Fig. 31-
plot of mean increase in shell length vs. time.) After this sudden
decrease in growth rate outfall oysters grew very slowly through
June and heavy mortality was observed until on July 27, 1973 all
outfall oysters were dead. Water temperatures in the outfall canal
during this period of decrease in growth rate and finally mortality
were in the 22-28 degrees C range, During the previous summer outfall
oysters grew quite rapidly at temperatures considerably higher than
this (up to 37 degrees C) with no observed mortality, Apparently
then, some other factor, acting alone or interacting with water
temperature was involved in the death of the outfall oysters.
Further studies will be necessary in order to determine the cause
of oyster mortality in the outfall canal.

S
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% Dry Weight

Intake

0.067
0.200
00100
0o050
0.100
0.200
0.300
0.067
0.200
0.201
0.300
0.100
0.299
0.200
0.050.
0.100
0.100

Outfall

24.99
23.82
25.00
26.08
28.59
25.02
28057
27.25
21.75
21.88
27.67
23o51
26.12
20003
18o75
29.65
22,58
21.75
22.28
27059

x = 0.155% X = 24.64%

TableXI- Results of the percent dry weight analysis
of 17 intake and 20 outfall oysters, March 3,
1973,



"2 20-

I--- 18-

-14-

.12- -rAKE

I -- I- r-,_ I . I• IrR K -E

10- x -XOUTFALL

.00

Flu. SEPT• O.r Nov. DEc.ZJFi. FEe. MAR. APR. MAY JUN. j-u&.

Date of Measurement

Fig. 31 - Plot of mean increase in shell length vs.
time for the initial 4 lines of oysters
set out on Aug. 18, 1972.



Discussion and conclusions of invertebrate survey.

Since 1965 our group has been sampling the middle
region of Barnegat Bay for benthic invertebrates, meroplanktonic
invertebrates and invertebrate menbers of the boring and
fouling community. We are constantly finding new species and
have assembled a list of invertebrates for the area that will
serve as a base line for studies on benthic invertebrate
communities. The number of invertebrate, species found in
Barnegat Bay will undoubtedly exceed 250 when all species
(i.e., benthic, fouling and planktonic) are considered. We
have observed a continual increase in the number of species
through time; however, on the average the number of species
per unit area tends to remain constant. We also continue to
find no significant difference in the invertebrate community
throughout our Barnegat Bay study area during a particular
season. Year to year differences are observable, but patterns
of distribution during a year are consistent throughout the
study area.

We originally selected our sampling areas after completing
a cluster analysis which demonstrated that the middle region
of Barnegat Bay, on its west banks, was comprised of essentially
the same invertebrate community. Recent qualitative studies
in the area have reinforced our opinion that our sampling area
is basically uniform and therefore amenable to statistical
analysis. From a purely qualitative point of view our study
area is remarkably uniform from one sampling area to another.
We do, however, begin to detect a southern community of inverte-
brates in the vicinity of Waretown, where salinity and water
clarity Is higher.

Locally, we found that the region directly off Oyster Creek
is actually richer in species number. At a very local level,
the sandy mud just to tne soutri or tne Oyster Creek channel
(entrance to the Creek itself) is very rich in species and
fairly high in density of individuals,. This pattern is consis-
tent south toward Waretown. On the other hand, the very fine
silts and clays just north of the Oyster Creek channel are
poor in species number and individuals. Dredging actig"ity
increases along the north shore until one reaches Forked River.
Approximately one half the distance between Oyster Creek and
Forked River, there is a region where bottom sediments are
dominated by gravel. In this region, few species of inverte-
brates are detected. Surprisingly, our field observations
indicate a northerly drift of effluent water, which might lead
to entrainment. Nevertheless, the bottom invertebrates are
not being damaged in the region directly off Oyster Creek,
even though some warm water from the surface reaches the
bottom during vertical mixing.

Although all the data is still not completely analyzed,
we still maintain that we cannot detect any statistically
significant effect of the thermal plume on the bottom
invertebrate community off Oyster Creek.
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Station Locations for Hydrographic Data: 1972

12 July 72-6

1 .
2.

5.
6.
7.
8.
9.
10.
11.

1100 SE Light 1, 50 yds off mile marker, SC
700 NE and 200 yds off mile marker, SC

2200 SW, 20 yds off Light 1, SC
Oyster Creek, Rt. 9
2800 ,400 yds off Light 3, OC
2400 SW, 100 yds off Light 3 0C.
200 N, 200 yds off light 3, OC
2200 SW, 300 yds off Light 2, FR
3200 NW light 2, 4OO yds off light• FR.
2800 W Light 2, 180 S Black buoy ;7, 50 yds off buoy, FR
Forked River, Rt. #9

1 August 72-7

I.
2.
3.
4.
5.
6.
7.
8.

1600 SSE Mile Marker, 200 yds from Light
40o NE Light 1, 150 yds off Light, SC
Oyster Creek, RT. if9
2250 SW, 75 yds off Light 3 0C
2100 SSW, 100 yds off Light 3, OC
1800S Light2, 300 yds off Light,FR
00 N, 75 yds off Light 2, FR
Forked River, Rt. #9

1, S C

0
16 August 72-8

1
2.
3.
4.
5.
6.
7.
8.

1400 , 25 yds SE of mile marker, SC
60' , 200 yds NE Light i, SC
Oyster Creek, Rt. #9
2500 , 300 yds off Light 3, 0C
200 N, 200 yds off Light 3, OC
2500 , 350 yds SW Light 2 FR
3300 , 200 yds NW of Light 2, FR
Forked River, Rt.#9

I
I
I

Station Locations for Hydrographic Data: 1973
b 7uly 13-1

IA. 360 31' IBCG Tower-BGLT, 5 0 25' BGLT-BG Water tower
IB. 380 27' IBCG Tower-BGLT, 50 47' BGLT-BG Water tower
IC. 390 91 IBCG Tower-BGLT, 6 12' BGLT-BG Water tower

IIA. 470 28'IBCG Tower-BGLT, 50 14' BGLT-BG Water tower compass fix
on 2800

IIB. 400 90, 50 47' ; Compass fix on 2850
11C. 420 91 60 2'; compass at 290* on microwave antenna
IIA. 36 171 40 21'; microwave at 2750
IIB 38' 54', 4 17'; compass on microwave 280
:IIC. 400 15,1 50 22'; compass on microwave at 2750
IVA. 370 553, 50 16'; 275* off mouth O.C.; 100 yds, 2250 off pole

marker, 0C
IVB. 390 5' , 50 91; 276 off OC in line with Buoy and BGLT.
IVC. 390 29, 4, 56'; 255* off OC

VA. 380 31', 50 19'; 30Oyds N Buoy 2 at end of 0C channel
VB. 370 7" 50 31 ; 2850 off old dredge
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Station Locations for Hydrographic Data: 1973

S6 July 73-1 con't

VC. 360 37', 40 48';¼, mile off lagoon N of dredge; 2600 off
lagoon, 2400 off dredge

11 July 73-2

Algae cruise, see map in text of report

18 July 73-3

1. 300 yds, 1200 off Light 1, SC
2. 300 yds, 3100 off Light 1, SC
3. 300 yds, 600 NE of Light, OC
4. 300 yds, 2400 SW of Light, OC
5. Oyster Creek, Rt. #9
6. 400 yds, 2500 SW Light 2, FR
7. 300 yds, 200 NW Light 2,FR
8. Forked River, Ht. #9

28 July 73-4

No hydrographiC data

4 August 73-5

1. 500 yds off SC, 300 yds N 'can D', 3100 off Light 1, SC
2. 856 , 50 yds off 'can D' SC
3. 250 yds off 'can D' , 1900 off Light 1, SC
4. Oyster Creek, Rt. #9
5. 300 yds, 2000 off Light3,OC
6. 600 yds, 300 off Light 3, OC
7. 300 yds, 1300 off Buoy F, OC
8. 800 yds, 659 off Light 2, PR
9. 100 yds, 1000 off Light2, FR

10. 500 yds, 150 off Light 2, FR
11. Forked River, Rt. #9

9 August 73-6

1. 100 yds, 700 off Light 1,SC
2. 300 yds, 600 off Light 1, SC
3. 200 yds off shore, 1600 off Light 1, SC
4. 500 yds off shore, 3100 off BL, WT
5. 600 yds off shore, 1250 off BL, WT
6. 200 yds off shore, 1150 off BL, WT
7. 180 , 400 yds off Light3 , OC
8. 2800 off microwave antenna, 100 yds off dredge, OC
9. 600 yds from shore, 1600 off deedge . OC

10. 400 yds off shore, 300 yds, 2200 off Light 2, FR
11. 25 yds, 1100 off Light 2 FR
12. 50 , 500 yds off light, 400 ycs off shore, FR.
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Station Locations for hydrographic Data: 1973

15 August 73-7

Algae Cruise, see map in text of report for station locations

20 August 73-8

IA. 36c 40' left, 50 30'right ; 8'1250 yds off Light 3, OC
IB. 35' 20' left, 5C 50'right; 700 off Light3, OC
IC. 380 42' left, 60 22'right; 3100 off microwave antenna

200 yds off shore, WT.
IIA. 3 7 c 00' left, 5* 30'right; 70C 100 yds off Light 3, OC
IIB. 390 20' left, 1(r 1'right; 60* off Light3, OC
IIC. 400 7' left, 50 45' right; 310' off microwaye antenna, WT

IIIA. 37* 00' left, 40 551 right; 901 , 100 yds off Light 3, OC
IIIB. 390 20' left, 40 45' right; 330Ooff microwave antenna
IIIC. 400 8' left, 4o 49' right; 600 , 100 yds off E1 can

IVA. 400 19' left, 40 53' right; 100 yds, 2300 off Light 3;
2800 off microwave, OC

IVB. 370 40' left, 4' 40' right; 350 yds off shore; 3150 off
microwave

IVC. 390 20' left, 4' 50' right; 2900 off microwave
VA. 310 40' left, 40 40' right; 290' off microwave
VB. 360 20' left, 4c 0' right; 310'off microwave antenna
VC. 35' 30' left, 30 40' right; 3200 off microwave

11 September 73-9

2.
3.
4.
5.
6.
7.
8.
9.

10.

11.
12.
13.
14.
15.

200 yds off shore at mouth of SC
400 yds off shore at mduth of SC
Inland waterway off SC
j distance from SC to FR, outermost station at Inland waterway
350 yds off shore, 4 the distance from SC to FR
200 yds off shore,: the distance from SC to FR
200 yds off mouth of FR
50 yds off Light 2, FR
Inland waterway off FR
j the distance from FR to OC, outermost point on transect, Inland
waterway

the distance from FR to OC, 400 yds off shore
the distance from FR to OC, 200 yds off shore

200 yds off mouth of 00
approximately 350 yds off shore, OC
Outer most point on transect, 500 yds off shore

29 September 73-10

IA.
IB.
IC.

IIA.
IIB.
IIC.

IIIA.
IIIB.
IIIC.

IVA.
IVB.

OC mouth, 250' off Light 3, 250 yds off shore
250 yds off shore, 2100 off Light 3 at OC
250 yds off shore,I2100 off Loading Derrick
1706 off Loading Derrick, 250 yds off shore OC
1900 off Loading Derrick
1900 off Loading Derrick
200 yds off Light 3 , 270* off microwave antenna
150 yds off Can, 275' off microwave, OC
2750 off microwave antennaI1000 off microwave, inner point of transect, 250
900 off microwave, 400 yds off shore yds off shore
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Station Locations for Hydrographic Data: 1973

29 September 73-10 con't

IVC. 90 0 off microwave, outer station at 500 yds off shore, OC
VA. 100' off microwave, 110" off power plant tower, 200 yds off shore
VB. 200 yds off shore, 600 N of Dredge
VC. 80 1 off microwave, j mile off derrick

9 October 73-11

1. 190',50 yds S Light 1, SC
2. 40 75 yds NE Light 1, SC
3. 1000 , 100 yds off Light 1, SC
4. 20 0 250 yds off Light 3, 0C
5. 3400 100 yds off Light 3, OC
6. 2300 9 50 yds off Light 3, OC
7. 1200 SE of microwave antenna, 300 yds off shore, WT
8. 1400 Se microwave antenna, 400 yds off shore, WT
9. 2300 100 yds SW Light 2, FR

10. 340 0 , 50 yds NW of Light 2, FR
ii. 3100 300 yds off Light 2, FR

23 October 73-1?

1. 1800 75 yds off Light 1, SC
2. 1200 , 100 yds off Light 1, SC
3. i400 SE of microwave antenna, 100 yds off shore, WT
4. 1200 SE of microwave antenna, 300 yds off shore, WT
5. 1100 off microwave, 100 yds off shore, OC
6. 901 E of microwave, 1201 , 75 yds off Light 3, OC
7. Oyster Creek, RT. #9
8. 20C , 100 yds off Light 2, FH
9. 2800 150 yds off Light 2 FR

10. FR. Rt, #9

13 November 73-13

IA. 2850 off tower
IB. 2900 off tower
IC. 2950 off tower

IIA. 285" from tower
IIB. 285 " off tower
IIC. 295 0 from tower

IIIA. 245 0 off tower
IIIB. 250 Ooff microwave
IIIC. 250 C off microwave antenna

IVa. 270 c off tower
IVB. 275 0 from Light 3
IVC. 275 ý off Light 3

VA. 275 " from Light 3
VB. 270 from tower
VC. 270 = from tower
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HYDROGRAPHIC DATA FOR STUDY AREA IN BARNEGAT BAY: 1972-73

Date Cruise Time
(EST)

Station Depth. Temperature
(fe 0t) (0c)

Salinity
(0/00)

Seechi
(feet)

12 Jul. 72-6 0627

0640

0723

0820

0845

0908

0920

0955

1010

1030

1110

1 0,0
8.0

2 0.0
10.0

3 0.0
10.0

4 0.0
10.0

5 0.0
10.0

6 0.0

10.0

7 0.0

10.0

8 0.0
10.0

9 0.0
10.0

10 0.0
8.0

11 0.0
10.0

1 0.0
7.0

2 0.0
7.0

0.0
1.0

4 0.0
7.0

5 0.0
7.0

23.62
24.30

23.96
24.06

24.03
24073

32.21
31.97

31.04
25.03

30.67
24.40

30.21

23.97

26.78
24.02

27.13
2.5-58

26.95
26.37

26,77
26.77

24,07
24.20

24,05
24.43

31.07
31.07

28.43
25.98

28007
24,77

16.98
19.27

16.95
17.72

17.17
19.02

18.24
19.00

19.67
21.71

19.72

20.76

19.82

22.14

20.10
20.16

20.13
20.17

20.13
20.00

19.47
19.64

19.23
27032

18.98
27.20

19.30
19.50

21.05
25.98

20.40
26.15

3.3

2.5

2.5

2.8

2.8

2.3

3.0

2.9

2.8

3.0

2.8

1 Aug. 72-7 0700

0721

0803

0835

0853

3.0

3.0

3.3

3.5



Date Cruise Time
(EST)

Station Depth Temperature Salinity
(feet) (OC ) (0/00)

70

Secchi
(feet)

1 Aug. 72-7

16 Aug. 72-8

0945

1005

1043

0715

0740

0823

0850

0910

0935

1050

1115

6 0.0
7.0

7 0.0
7.0

8 000
2.0

1 1.0
1010

2 1.0
10.0

3 1.0
10.0

4 1.0
10.0

5 1.0
10.0

6 1.0
10,0

7 1.0
1010

8 1.0
10.0

25.55
24.60

25.64
24,30

25.44
25.41

20.60
21.27

20.70
21.40

25.33
24.90

23.87
22.04

23.20
21.23

21.30
21.20

22.13
21.69

21.55
21,78

30.50
28,20

29,90
26.50

29.20
27.00

31,80
28.20

28.60
27.30

28.20
27°00

30.70
27.30

20.68
25.83

20.49
27.97

19.86
19.82

21.17
16.86

.20.98
24.66

20.78
21.42

21.70
23.23

21.63
23.88

22,87
25.40

22.30
25.60

21.13
21.18

3.8

2.1

2,3

2.3

2.5

2.2

2.5

26

6 Jul. 73-1 0955

1015

1045

I-A

I-B

I-C

1435 II-A

1505 II-B

1530 II-c

0925 III-A

0.0
4.0

0,0
3.5

0,0
6.5

0.0
5.0

0,0
5.1

0.0
6.5

0.0
4.9

18.69
19,87

19.04
24,51

19.02
21.91

18,53
20.88

20,31
21.76

20.23
22.25

18.48
21.49

2.5

2-5

3.3

2.5

3.5

4.5

2 -5
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Date Cruise Time
(EST)

Station Depth Temperature Salinity
(feet) (C ) (0/00)

Secchi
(feet)

6 Jul. 73-1 0900 111-B

0757 III-C

1255 IV-A

1320 IV-B

1345 Iv-C

0.0
6.5

0.0
7.5

0.0
6.0

0.0
7.0

0.0
10.00

010
6.5

0.0
5.5

0.0
5.0

1125

1158

1325

1325

V-A

V-B

V-C

11 Jul. 73-2

1220

1158

1 .0.0
9.0

2 0.0
9.0

3 0.0
10.0

4 0.0
9.0

5 0.0
10.0

6 0.0
9.0

7 0.0
10.0

8 0.0
8.0

9 0o0
7.0

26.90
26.00

27.00
26.50

30030
27.00

29-50
26.80

28.80
26.80

29.80
28.00

29.80
26.20

29050
26.80

27.30
27.00

27030
27.00

27050
26,50

29.20
26.90

29.80
26.00

30.10
27,30

27.50
26.90

27.00
26.90

28.10
26.10

19.60
21.17

20.01
22.27

18.64
22.09

18.66
22.65

18,75

18,51
19-83

18035
23.48

18.59
20.16

18.82
21.11

21.29
19.31

20.19
21.83

19.63
22.97

19.70
25.12

19.89
22.50

21.74
22.97

23.04
23.26

23,39

3.8

3.5

3.0

3.3

4.0

3,0

3.3

3.8

3.0

3.0

3.0

3,0

3.0

3.0

4.5

4.5



Date Cruise Time
(EST)

Station Depth Temperature
(feet) (OC )

Salinity
(0/00)

Secchi
(feet)

18 Jul. 73-3 0835

0905

0930

0955

1035

1115

1130

1235

0615

0655

0720

0810

0945

1015

1040

1100

1135

0.0
bot.

0.0
bot.

0.0
bot.

0o0
boto

0o0
bot.

0.0
bot,

000
bot.

0,0
bot.

4 Aug. 73-5 0.0
10.0

0.0
10.0

0°0
1oo00

0.0
10.0

0.0
5,0

0.0
5,0

0.0
7.0

0.0
4.0

0.0
5.0

25.50
25.00

25.75
25o00

30,00
25,550

29.00
28.00

31-50
31.50

25.50
26,00

26.00

26.00
25-90

26.20
25,80

26.20
25.20

26,30
24,60

33,00
32.50

30.20
28,00

30.50
28.50

30.50
27.00

27.20
27-50

27-50
27-00

18.28
22.02

20.23
21073

18.64
21173

19,40
20.23

18,39

23.15
2o.88

20,32
20.88

20.43
20.43

22.65
23-59

22-27
25.32

22037
27-13

19487
21.20

22.24
24,39

21,87
23.57

21,59
24.13

22.63
22.76

22.46
22,92

3.3

4.0

3.0

2.8

2.0

4.5

4.8

2.5

4.5

4.0

3.0

4.0

3.8

4.0

b 4.8



Date Cruise Time(EST) Station Depth Temperature(Feet) (CC) Salinity Secchi

(ET)(ee) (C)(0/00) (et

4 August 73-5 1205 10

11

0.0 27.40
11.0 26.80

0.0 28.00
28.00

0.0 26.50
7.0 26.00

9 August 73-6 0635

0700

0715

0745

0800

0820

0840

0905

0925

1007

1020

1040

1100

1045

1030

1015

1000

0936

1

2 0.0
8.0

26.50
26.00

3

4

5

6

7

8

9

10

11

12

1.0 26.50
8.0 26.00

1.0 26.20
8.0 26.20

1.0 26.00
7.0 26.50

0.0 27.00
8.0 26.80

1.0 29.00
6.0 27.00

1.0
5.0

1.0
4.2

31.00
28.00

30.20
28.00

22.83
23.86

22.65
22.85

20.70
20.70

20.72
20.61

20.14
20.14

23.22
25.33

22.52
24.41

26.72
23.94

22.09
22.65

20.98
22.27

21.35

21.69
23.21

21.72
23.11

21.35

21.34
28.33

21.72
28.39

21.90
25.98

22.50
27.19

22.61
28.28

4.8

2.8

3.0

3.3

3.0

3.8

4.3

3.8

3.8

2.3

3.8

15 August 73-7 1

2

3

4

5

0.0 27.00
5.0 26.50

1.0 27.00
7.0 26.00

1.0 26.50
8.0 27.00

0.0 25.80
9.5

0.0 25.50
9.5 22.70

0.0 25.10
10.0 24,10

0.0 25.2.0
10.0 23.80

0.0 25.20
8.5 23.50

4.0

3.8

3.5

3.5

3.5

4.0

6 0.0 25.80 22.09 4.0
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Date Cruise Time Stat ion Depth Temperature Salinity
(Feet) ('C) (0/00)

Secchi
(Feet)

(EST)
15 August 73-7

20 August 73-8

0936

0915

0855

0840

0720

0755

0820

0850

0708

0922

0.945

1013

1030

1120

11 42

1205

1225

1245

1320

7

8

9

6 8.5 24.20

0.0 25.40
8,5 24.00

0.0 26.00
8.0 24.70

0.0 26.10
8.5 24.30

IA 0.0 27.80
6.0 25.00

IB 0.0
7.0

27.00
24.80

25.80
24.90

IC 0.0
9.0

IIA

IIB

IIC

IIIA

IIIB

IIIC

IVA

IVB

IVC

0.0 28.20
6.0 25.80

0.0 26.20
7.0 24.90

0.0 24.20
10.0 24.20

0.0 27.80
7.0 25.50

0.0 24.00
10.0 23.70

0.0 24.00
11.0 24.00

0.0 29.50
7.0 26.00

0.0 27.50
9.0 24.50

0.0 24.70
10.0 24.00

26.35

23.37
27.54

23.78
26.20

23.94
26.72

26.17
21.98

22.55
24.13

21.01
22.72

20.33
20.77

20.42
21.73

21.73
25.07

21.85
20.81

21.51
22.00

21.72
24.13

20.23
20.79

21.18
21035

21.63
21.35

19.12
21.51

19.87
21.35

21.73
20.65

4.0

4.0

3.0

3.5

3.3

3.5

3.8

3.3

4.0

3.3

3.5

3.5

4.0

3.5

4.0

3.0

2.8

3.3

3.3

S

VA 0.0 30.00
7.0 26.00

VB 0.0 29.00
7.0 25.50

VC 0.0 25.80
5.0 24.30



Date Cruise Time Station
(EST)

11 September 73-9 1145 1

1153 2

1202 3

1216 4

1225 5

1234 6

1249 7

1259 8

1310 9

1323 10

1330 11

1337 12

1401 13

1410 14

1420 15

29 September 73-10 0803 IA

0855 IB

0920 IC

Depth
Feet)

Temperature
( OC)

75
Salinity Secchi

(0/00) (Feet)

0.0 23.00

0.0 22.00

0.0 22.00

0.0 22.00

0.0 22.00

0.0 22.00

0.0 22.00

0.0 22.50

0.0 22.50

0.0 22.50

0.0 22.50

0.0 22.50

0.0 23.20

0.0 23.50

0.0 23.00

0.0 21.00
5.0 21.00

0.0 21.50
5.0 21.10

0.0 21.00
7.0 20.09

0.0 21.50
8.5 21.00

0.0 21,50
11.0 21.50

0.0 21.50
8.0 21.50

0.0 21.50
9.0 21.50

0.0 2.1.50
11.5 21.50

23.57

23.89

24.31

25.34

23.94

23.76

24.13

22.09

24.78

24.09

24.30

25.80

24.13

24.22

24.44

24.51
24.45

24.87
25.70

25.07
27.29

25.43
25.43

25.07
25.25

25.16
27.41

25.40
25.98

25.05
26.20

0

I

I

I

IA

IB

Ic

IA

4.0

4.0

3.8

3.5

3.8

4.0

3.0

II

III1
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Secchl
(Feet)

Date Cruise Time Station
(EST)

Depth Temperature
(Feet) ( C)

Salinity(0/00)

S 29 September 73-10 "IC

IVA

IVB

IvC

VA

VB

VC

0.0 22.00
11.0 22.00

0.0 21.60
21.00

0.0
14.0

0.0
12.0

21,80
20.00

22.00
21.00

0.0 21.80
9.0 21.20

0.0 21.50
7.0 21.00

.0.0 21.75
5.0 21.75

1.0 18.50
8.0 19.00

1.0 18.80
8.5 19.00

9 October 73-11

S

0900

0918

0940

1006

1025

1042

1114

1130

1155

1215

1230

1

2

3

25.0727.41

23.77
27.16

2.5.25
25.25

24.51
28.59

25.57
27.09

25.99
27.66

25.50
25.50

21.53
21.92

21.80
24.13

22.23
24.81

23,21
23.21

21.92
24.92

22.47
24.52

24.87
25.57

24.69
24.69

22.66
24.13

23.66
23.78

20.00
20.00

4.0

3.5

5.0

5.0

5.0

3.5

5.0

5.0

5.0

5.0

4.5

4.0

1.0
7.0

19.00
19.20

5

6

1.0 21.00
7.0 20.00

1.0 22.00
7.0 20.30

1.0 21.40
5.0 20.70

7 1.07.0

8 1.0
8.0

9 1.0
6.0

10 1.0
6.0

11 1.0
6.0

20.00
19.80

20.00
19.80

19.40
19.70

19.80
19.50

20.00
20.00

3.3

4.0

5.0

4.5P
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Date Cruise ,rime -Station
(EST)

Depth Temperature Salinity
(Feet) ( C) (0/00)

Secchi
(f~t)

(f eet I

23 October 73-12 0745

0815

0915

0935

1000

1026

1110

1150

1210

0100

1320

1300

1240

1125

n145

1205

1

2

3

4

5

6

7

8

9

10

0.0 13.48
6.0 13.70

0.0 13.12
6.5 13.21

0.0 15.25
4.5 14.63

0.0 15.27
5.5 14.90

0.0 17.85
4.5 15.58

0.0 18.95
8.0 15.10

0.0 20.57
15.0 20.10

0.0 15.85
6.5 14.62

0.0
7.0

0.0

13 November 73-13 IA 0,0

IB 0.0

IC 0.0

IIA 0.0

IIB 0.0

IN 0.0

16.04
14.51

15.18
15.24

8.40
8.40

7.33
7.45

7.00
7.89

8.65
8.31

7.02
7.58

7.53
8.11

8.69
8.41

8.75
8.15

25.43
25.99

25.40
26.98

26.56
26.65

26.21
26.45

26.91
26.35

25.50
27.20

24.81
24.88

25.99
26.18

25.62
26.30

25.58
25.78

26.35
26.09

26.73
26.13

26.73
28.16

26.17
26.55

26.74
27.48

26.48
30.05

26.17
26.42

25.90
25.83

3.3

3.0

4.5

3.3

4.0

3.5

4.5

5.5

4.0

3.0

3.5

4.5

3.3

3.8

4.0

3.8

3.8

1105 IlIA

1050 IIIB

0.0

0.0
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Dat e Cruise Time Station
(EST)

Depth. Temperature
(Feet) ( C)

Salinity
(0/00)

Secchi
(Feet)

13 November 73-13 1030

1335

IIIC

IVA

0.0

0.0

0.01405 IVB

8.31
8.50

11.00
8.03

10.03
8.21

11.10
8.65

lo.61
8.75

9.61
9.61

25.63
28.70

24.88
23.85

25.68
29.30

24.90
22.95

25.66
23.70

26.17
24.50

3.5

3.8

3.3

3.0

3.3

3.0

1350

1440

1455

VA 0.0

VB 0.0

VC 0.0
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. NTRODUCTION

The earliest attempts at quantifying the "productivity"

of coastal areas may be traced to Dahl's (1893) investiga-

tion in the lower Elbe. Johnstone (1908) contributed some

more quantified information, but it was not until Peterscn

(1911) developed his "Petersen grab" that benthic quantita-

tive studies could be conducted. The usefulness of this

tool was quickly realized in Europe, so numerous studies

were conducted and published. Among the better known are

Blegvad's contributions (1914. 1925. 1928), Davis' work

(1923, 1925),I Hagmeir (1923, 1926, 1930), Sp'a'rck (1929,

1931, 1935), and Stephen (1923, 1928, 1929).

The western shores of the North Atlantic have not been

without their benthic investigations. However, quantitative

surveying was not initiated until 1944 with Lee's study of

Menemsha Bight. Previous to this the investigations were

qualitative and included such classic studies as Verrill

(1873)) Sumner, Osburn, Cole, and Davis (1913); Allee

(1923a,b); and Proctor (1933).

Since Lee's (1944) investigation there have been a few

survey type studies conducted in the northeastern states,

but the quantity of studies is nnt overwhelming. Dexter

(1944, 1947) studied two areas along the Mlassachusetts

coast. F. E. Smith (1950) sampled the benthos of Block

Island Sound. Another benthic study was not conducted until

Sanders' (1956) work in Long Island Sound. This
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investigation apparently i,,itiated some enthusiasm because

the frequency of benthic surveys increased after this

publication. Stickney and Stringer (1957), Sanders (1958,

1960). Sanders et. al. (1962), Hanks (1 9 64), Sanders et. al.

(1965), and Richards and Riley (1967) have all contributed

to the knowledge of the distributional pattern of inverte-

brates in the Northeastern states.

The Middle Atlantic states are noticeably lacking in

published information concerning their invertebrate faunas.

Richards (1938) listed the common New Jersey coastal forms,

Dean and Haskin (1 9 64) surveyed a small portion of the

Raritan River, and Phillipe (1967) provided a checklist of

estuarine forms from the central portion of New Jersey.

Cory (1967), Cory and Nauman (1969) and Nauman and

Cory (1969) reported on epifauna in the Patuxent River

estuary (Maryland). Wass (1965) compiled a listing of the

marine invertebrates in Virginia waters. Wells (1961)

published a register of those invertebrates associated with

oyster beds in the Newport River region of North Carolina.

Brett (1963) studied the sediment-fauna relationship in

Bogue Sound, North Carolina.

From the above citations it is apparent that most of

the benthic studies conducted in the Virginian Province have

been limited to the northern aspects. The centralized area

of the coastal region is notably lacking in published

information concerning the invertebrates.
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Barnegat Bay is about: centrally positioned (Fig. 1)

along the New Jersey coastline. It is a shallow lagoon-type

estuary (Emery & Stevenson, 1957) with a small tidal range

of about 0.2 meters. The barrier island which forms the

eastern boundary of the Bay is a state park which has

remained undeveloped. The mainland side of the bay system

is moderately developed with domestic housing, boating

marinas, and, recently, an electric generating station.

During 1963, the Jersey Central Power & Light Company

initiated construction of a 1600 megawatt electric generat-

Ing station. The plant draws water from Barnegat Bay which

acts as the secondary coolant for the thermonuclear reac-

tion. Approximately 0.5 x 106 gallons per minute (gpm) will

* 'be continuously pumped through the condensers. Even though

the passage time is very short, the coolant temperature will

be increased by about 10 0 C. above ambient. This is an

average figure-the actual thermal differential may be

higher or lower. As an initial measure to reduce the

temperature of the coolant water before it re-enters the

system, a bypass water course has been constructed around

the plant. This portion of the physical system will dilute

the heated effluent by two-thirds, i.e., 1.0 x 106 gpm will

be pumped through the bypass and added to the coolant as it

leaves the generating plant.

I All of Barnegat Bay was not sampled in the present

study. The Day is approximately 39 km long (Metedeconk NeckS
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Figure 1. Darnegat Bay, New Jersey
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to Manahawkin Bay, Fig. 1) and varies in width from 2 km to

about 6.5 km. Most of the, surveys were conducted in the

central region around Forked River and Oyster Creek

(Fig. 1 & 2). These positions are almost directly north-

west from Barnegat Inlet (39045'N, 74°06'W) in Figure 1.

The Jersey Central Power and Light Company provided the

funding for this study and others (Taylor, 1970). These

investigations were designed to determine the condition of

the benthos before and after operation of the station. In

addition to the flora and fauna of the area, different

environmental parameters were measured to serve as points

of reference for pre- and p'Jst-operational studies.

The power plant did not begin operation according to

the initial schedule. As a result no post-operational data

were collected by the author. An earlier publication

(Phillips, 1967) presented some preliminary data concerning

the benthic invertebrate community prior to thermal

addition.



Figure 2. Test site area. Barnegat Bay.
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METHODS

I. Ponar Characterization

Various sites along the New Jersey coast and a recently

drained inland lake were sampled to investigate the working

.characteristics of the Ponar quantitative bottom grab in

different bottom types. Areas sampled included two inter-

tidal sand flats, a sandy beach (surf zone), subtidal "mud,"

and the lake environment.

Substrate composition greatly determines the usefulness

of the grab in question (Thorson, 19571 Holme, 1964). so

knowledge of 'the grab's performance on different bottom

'types was imperative. The main parameter investigated was

the volume of material collected by the Ponar grab. The

most influential variable measured was the composition of

the substrate (viz., "hard or sandy" vs. "soft or muddy").

When possible, grab samples were obtained during both

high and low tides. For low tide sampling, the Ponar was

hand held and released at a constant height (0.9 m) above

the substrate. When sampling through the water column, the

grab was lowered until it touched bottom and was then raised

approximately 1.2 m, at which point it was permitted to fall

freely. The increased drop height at high tide was used in

simulating penetration under the different tidal circum-

stances,
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The volume of each si,.'ple was measured to the nearest

20 ml, using a large graduated cylinder. After measurement,

the samples were returned in polyethylene bags to the

laboratory for particle size analysis.

II. Sediments

A. Field Procedures

Samples of the substrate were taken at those sites

sampled for faunal composition. All of the station loca-

tions were continually submerged, so sampling was conducted

through the water column from a boat, a 16' 7" Boston

Whaler." The open vessel hvd a shallow draft, sufficient

deck area for working, and was equipped with a custom-

constructed davit and winch.

A removable wooden culling board was positioned forward

of the davit apparatus. One end of the board extended out

over the water. Nested sorting screens were fitted into a

cut-out at this end. As materials were brought on board via

the davit and collecting gear, these could be deposited on

the culling board, washed by hand, and sorted.

Substrate samples were taken by two varieties of quan-'

titative bottom grab samplers, 1) the 0.1 m2 Petersen

(Petersen & Jensen. 1911) grabi and 2) the 0.05 m2 Ponar

grab (Wildlife Supply Company, saginaw, Michigan).

From 1966 to the termination of this study a series

(generally four) of bottom grab contents were pooled at each

station. This technique was adopted for both samplers. The
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pooled bottom materials were mixed by hand on the culling W

board; conspicuous organiit?:s, larger than approximatelyl

20 mm, were removed from the sample prior to packaging.

Random substrate samples were then taken, packaged, and

returned to the laboratory for analysis. During the first

season (1965), the contents of only one Petersen grab were

used to characterize the sedimentary composition of the

sites studied.

B. Laboratory Procedures

In the laboratory the sediment samples were removed

from the carrying packages, individually placed in aluminum

pans and dried in a ventila'ed, electric oven. It was found

that drying at 100 0 -1050 C. for 48 hours was sufficient to

bring the sample (average wet weight about 800-1000 grams)

to a relative constant weight (t 2 grams). When dried, the

substrate materials were sorted into diameter size classes

in the diameter range 2000,u to 1,,U. Analysis of the sands.

(2000,"-62,A, Wentworth, 1922) was conducted by mechanically

agitating the dried sediments through nested standard sieves

(A.S.T.M. #422-51 modified) using a conventional sieve

shaker. The silt-clay fraction (materials finer than 62.u)

was trapped in a retaining pan and analyzed as to particle

size by the hydrometer technique of Bouyoucos (1927, 1928).

Unless the silt-clay fraction accounted for more than five

percent by weight of the sample, the hydrometer determination

was not conducted.
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After computing the pe.rcentage composition of the

different diameter classes, cumulative curves for the size

distributions were generated. From oumulative curves,

certain sedimentary characteristics were derived. These

were the median grain diameter (M 2 ). sorting coefficient

(So), and skewness (Sk). All three properties were computed

using the conventional formulae presented in Sverdrup,

Johrson, and Fleming (1942).

During the final summer (1969), available amounts of

organic materials in the substrate were determined.

Aliquots of the samples used in the size determinations were

removed for the organic analysis. Two techniques were used

in this portion of the study. The rationale was that the

two measurements would be "backups" for each other. A

colorimetric analysis (Perrier and Kellogg, 1960) following

wet oxidation was conducted using a Beckman Model B spectro-

photometer. The percentage transmittance at 54OrmA was

measured with the spectrophotometer set at the greatest

sensitivity. These values were then converted to percentage

organic material by the formula developed by Perrier and

Kellogg (1960), % organic matter = 10.9375 (log % transmit-

tance) - 5.6321.

In addition to the above te,'hnique, duplicate samples

of substrate were subjected to ignition analysis. This was

an ashing technique wherein a sample was carefully weighed.

using a Mettler Balance (+0.lmg) before and after a one-hour

exposure to 700 0 C. in a muffle furnace. The recorded weight



differential was calculated as the percentage total organic

matter of that sample.
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RESULTS

I. Ponar Characterization

A. Volumes Collected

Table I presents the data obtained with this grab using

different sampling conditions, i.e., substrate and water

depth. Series 1 and 2 were taken on the same sandy tidal

flat, but at two different positions. Series 3 was taken in

the surf zone of a protected bay. Series 4 was taken

through a shallow water column on a sand flat. Series 5 and

6 were taken in muddy envircnments.

As a generality, it appears that the Ponar is more

consistent in unit capture in the finer, muddier environ-

ments. Greater volumes are consistently recorded in the

softer substrates; this may be a function of the light

weight (20.4 kg) of the unit.

By filling the Ponar with sand, the total volume was

found to be approximately 7.5 liters. In use, the sampler

was never completely filled in any of the coastal areas

studied. The best volumes recorded for these locations were

obtained on a very protected marsh mudflat (Series 5 in

Table I). During the draining of a small eutrophic lake

(Middlesex County, Lake Nelson), the working characteristics

of the Ponar were to be further quantified. The unit was

permitted to fall freely from about one meter in height onto

the exposed lake substrate. This procedure was conducted



Table I. Comparison of volumes obtained with the Ponar bottom grab on different
bottom types. See text for series locations.

E

E

E0
(n

SE7!DS la
TYPE* High

1 1.28
2. 0.89
3 1.18
4 0.70
5 1.27
6 0.96
7 1.18
8 0.50
9 0.86

10 0.66

lb
Low

2.05
2.46
2. 30
2.20
2.05
2.18
1.96
2.201.96

2.28

2.16

2a
High

0.83
0.95
0.85
0.76
0.80
0.75
1.16
0.72
0.94
0.78

0.86

2b
Low

2.25
2.40
2.80
2.32
3.25
2.61
2.62
3.12
2.82
2.78

2.70

0.33

3.03
2.36

187
130
265

1.42

3
Surf

1.05
0.86
0.78
1.31
1.18
1.09
1.26
1.52
0.86
0.90

1. 08

4Low+

0.95
1.83
2.o4

1.64
2.80
2.40
.2.30
1.10
1.20
0.78

5a
Hi g'h

6.35
6.8o
6.65
6.40
6.35
6.75
6.70
6.65
6.75
7.00

5b
Low

7.15
7.30
7.35
7.40
7.25
7.10
7.40
7.30
7.25
7.40

6
High

4.05
3.95
3.60
4.95
3.40
4.60
4.00
4.55
4.2C
4.45

1.70 6.64 7.29 4.17

Std. Dev.

991• c.I.

v(U)
Ql(u)
Q3 (u)
.S0 **

0.27

1.23
0.67

182
125
262

1.4,4

0.16 0.13 0.23 0.68

2.33
2.00

202
138
295

1.46

0.99
0.73

190l

130
272

1.44

1.33
0.84

103
69

145
1.45

2.41
1.00

188
136
272

1.41

0.02

6.66
6.62

90
44

187
2.06

.0.01

7.30
7.28
.9.0
48

186
1.96

0.05

4.22
4.13

63
23

117
2.25

* "High" and "Low" refer
+ through 0.20-0.25 m of

** So is dimensionless

to the
wa tar

tidal stage at time of sa-pling.

I-.
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for three free-falls. Each time the sampler, which sank out

of view except for the attachment ring, was completely

filled with substrate.

Series 4 in Table I was to have been a high/low water

study, but the prevailing winds on the sampling date

prevented the tide from dropping as it should have. Since

the working characteristics of the Ponar could not be

studied as originally planned, a direct comparison of the

Ponar and Petersen grabs was made. In this sandy situation

the Petersen retrieved slightly more material and demon-

strated less variability (x - 1.87 litersi standard

deviation w !0.14 liter) than the Ponar (R - 1.70 liters;

standard deviation - +O.68 liter).

B. Comparison of Samplers

Since two different samplers were used in obtaining

the sediments for analysis, some index of their compara-

bility was desirable. Three areas were chosen for the

comparisons. One region was "muddy" with large amounts of

silts and clay. Another was sandy, and the third area was

intermediate in substrate composition.

Both bottom samplers were used on the same day within

any particular bottom typel this negated temporal varia-

billty. Since sampling was conducted within a limited

area, spatial variation was probably minimal within a t--st

site. The sampling pattern used was to take multiple sets

of samples using both bottom grabs. Each set sample was an

aliquot of a pooled collection of the contents of four
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consecutive samples. Foui sets were taken at each site with

each variety of bottom grb, so a total of eight sets were

taken at each test site.

The results of the above are presented in Table Il.

Each value is the average of four figures (from the four

sets). These data demonstrate that the samplers provided

comparable results in the distribution of sediment size

classes at the same general site.

II. Sediments

During the study period (summer 1965.- summer 1969) a

total of 94 samples were analyzed to determine the particle

size distribution of the substrate in Barnegat Bay. This

number represents 35 sites or stations •that were sampled.

Of these sites, three were sampled only once. Two of these

represented peripheral locations that were visited only

during the early exploratory phases of the investigation.

Most of the particle size data is presented in the

appendix. The average yearly values for the different

particle size classes appear for each regularly examined

station. Each value is tne average of at least two deter-

minations of the particle size composition. If the

difference between the two determinations was greater than

5.0 - 5.5/c, another analysis wa, performed to verify the

observed results.

The twelve stations in the appendix that were sampled

only twice during the study period were chiefly on the
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Table II. Comparison of sediment size analysis using Petersen and Ponar Grabs.

Site Location

Quadrate

Bouy CI FRC* 'Sand Flats"

PC13B 2 2A

Grab Type Petersen Ponar Petersen Ponar Petersen Pon•a

Lower Limit
of Particle % Weight % Weight % Weight
Size Rangea

2000

1000

500

250

125

62

-62

0.55

1.05

5.60

36.25

30.35

10.80

16.30

0.17

0.35

6.90

33.20

32.00

10.45

16.77

0.65

1,20

5.10

6.75

8.45

28.00

50.00

0.15

0.65

5.90

7.45

8.40

27.55

49.90

0.65

1.02

1.60

25.32

59.40

10.00

2.05

0.050

1.40

2.30

23.50

54,75

14.35

2.25

*FRCF'orked River Channel, situated between Light 12 and Light 4.

G

0-6
0%
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eastern side of the Intraý'oastal Waterway. Biological

sampling was infrequent o0, the oceanic side of the Bay after

the 1965 season. These areas were sampled in 1969 for

sediment composition to determine if any noticeable changes

had occurred in the time period.

A very condensed version of the appendix is presented

in Figure 3. At a point corresponding to a station's

position in the Bay, two numbers appear. The upper value is

the median grain diameter (M2 ); the lower is the sorting

coefficient (SO). The M2 value represents the empirically

derived particle size which has 50 percent larger and 50

percent smaller materials in that sample or average. The

larger this value (M2 ), the "sandier" or coarser it becomes.

The sorting coefficient gives an index of the particle

size uniformity within a soil sample. When water velocities

vary slightly about some average value, the substrate will

be composed of more uniformly sized particles than a

situation involving larger current variations. With more

uniform particle size, the So value decreases until unity is

achieved. An So value of 1.0 indicates that the soil

particles are all of the same size.

A more amplified graphical index of the sediment

distribution in the area studlec is presented in the cumula-

tive particle size curves for various positions in the Bay.

Rather than present each year's collection of curves, only 0
the most recent (1969) data are presented in Figures 4, 5,

6, and 7. With only minor variations, the cumulative



Figure 3. Median grain diameter (M2 ) and sortingcoefficient (SO) values of sampling stationsin Barnegat Bay. Values are presented as M2 /So.

0
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Figure 4. Cumulative curves of sediment size distribution
along northern transect (Transect 1) stations.
19.69 data.
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Figure 5. Cumulative curves of sediment size distribution
along middle transect (Transect ii) stations,
1969 data.

S •Transect II-1
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Forked River Channel
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Figure 6. Cumulative curver of sediment size distribution
alonng southern transect (Transect III) stations,
1969 data.
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Figure 7. Cumulative curves of sediment size distribution
along Intracoastil Waterway.
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curves of the earlier annual data fit the 1969 information

excellently.

With a limited number of exceptions, materials retained

by the 2000- and 1000-micron screens were not sedimentary in

nature. The most commonly encountered components in these

size ranges were molluscan shells and fragments (notably the

small prosobranchs, Bittium alternatum and Mitrella lunata.

Juvenile and small bivalves were occasionally found in the

1000p and 2000,* sieves. These materials were not observed

during the field collecting so they were included in the

laboratory workups. Such biological materials were included

in the percentage analyses cof the sediments. Other non-

sedimentary components were fragmented pieces of eel grass

(Zostera marina) and sea lettuce (Ulva lactuca).

Based on these data, one would be forced to conclude

that among the regions sampled there were no very coarse

sands (2000-1000,, Wentworth, 1922).

From the Appendix and Figures 4 through 7, it may be

seen that the coarse sands (1000-500,M) and larger particle

classes generally account for less than five percent, by

weight, of the substrate. The most notable exception to

this occurs in Transect II, Stations 1, 2. and 3. Stations

1 and 2 occur within Forked River, Station 1 being about

0.9 km more inland than Station 2. At both of these sites

the bottom is predominatly silt deposited among luxuriant

growths of eelgrass. Therefore, plant fragments constitute

Smuch of the coarse sand fraction.
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Station 2 is situated on what may have been an oyster

bed. At least the bottom m!•aterials contain comparatively

large amounts of old shell. The shell fragments contribute

markedly to the overall pattern at this station in addition

to the plant materials.

Station 3 is the first open-bay sampling site on this

transect. Since artificial maintenance (dredging) of the

Forked River Channel starts at about Station 3, it is

possible that the sedimentary composition is a direct result

of dredging.

The one remaining position on the east-west transects

that has considerably more than five percent of the bottom

material in the coarse sand fraction is Transect III,

Station 2. This site is about 0.6 km from the mouth of

Oyster Creek on the ocean side. As with 11-3. 111-2 marks

the beginning of a maintained passage into Oyster Creek.

Based on similar locations, the same explanations may hold

for 111-2 that were proposed for 11-3. The more valid

explanation for the Oyster Creek site may be the disruption

of the bottom by dredging. Numerous bottom samples taken

randomly around position 111-2 demonstrated marked change in

substrate composition within short distances. Several hauls

brought up only granules (4000-2000QL) and small pebbles

(8000-4000,,u).

From about the Intracoastal Waterway to the barrier

island, the sediment composition shifts quite rapidly to a

predominating fine sand. Most of the stations to the east
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of the waterway have at least 50 percent of the substrate

contained within the 250-175)LA class. Inspection of figures

4, 5, 6, and 7 reveals that there appear to be two

generalized families of curves. On the western side of the

lagoon, using the Intracoastal Waterway as a north-south

axis, the cumulative curves are fairly smooth, i.e., there

are no rapid shifts in slope. This condition is contrasted

with the eastern stations' curves which demonstrate a rather

marked change in slope in the fine sand range.

The fine sands are apparently fairly well compacted.

Routinely, more than four bottom grabs were necessary in the

sandy areas to collect a large enough volume from which to

sample. It was possible to "feel" the hardness (compactness)

of the substrate from the surface using the grab.

Gross approximations of water content of the substrate

were made in the laboratory prior to size analyses. The

sandy areas consistently contained about 20-35 percent water

weight as compared with water contents of about 50 percent

in the siltier regions. Lower water contents of the sands

may have contributed to the greater impenetrability by the

dredge of these areas. Much of the eastern portion sub-

strate is protected by extensive Zostera beds (Taylor,

1970). Certainly the dense rhizomes and root systems of

this plant contribute to the compactness of the substrate

and subsequently to the difficulty in obtaining full grab

sample s.S
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III. Organic Content w
Since data concerninV the organic content of the sub-

Ptrate ware oolleotd only during the 1969 coanon, tnin

parameter will be treated rather briefly. Total organic

matter was estimated in both laboratory techniques. Com-

parison of the results of the two methods and subsequent

calculations appear in Table III.

There appears to be a deiline in the amount of organic

material as one moves from the mainland across the lagoon.

The highest values consistently appear on the western

margin, and there is a trend toward lower organic content

moving toward the Oyster Cr,.ek Channel (in communication

with Barnegat Inlet) from the most northern transect.



Table III. Total organic matter at specific stations, 1969.
Percentage total organic carbon and percentage
organic carbon ',readily oxidizable) computed
from wet oxidation figures. The total organic
matter figures are the means of three determlna-
tions.

I

a
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LOCATION

Station
I-1

2
3

11-1

2
FRC+
FRC

3
4
5
6
7
8
9

Ii-i
OCt+

OCC
2
3
4

5
6

Bouy
CI

D
D1

N66
Li~
F
G

Light 1
South

TOTAL ORGANIC MATTER
Wet Oxid. Irnition

5.214
6.68
2.89
3.40
2.57
5.94

8.02
4. 15
3.83
3.25
3.45
3.73
2.68
3.13

3.25

7.45
7.I06
4.43
2.56'
3.77
2.52
3.10
3.18

4.98
3.83
3. 54
4.13)
3.99
3.43
2.63
2.57

2.52

4.80
6.43
2.57
3.63
2.71
5.83

8. 6
8.734

4.I02
3.76
3.38
5.58
2.75
2.89
3.84

1.61

,.60
7.27
4.29
2.75
3.12
2. 84
3.38
3.27

4.2
.3.91
4.49
4.21
3.67
1.78
2.17

1.40

% TOTAL
ORGANIC C*

3.04
3.87
1. 67
1.97
1.49
3.44

4.65
2.41
2.22
1.88
3.23
2.16
1.55
1.81

1.88

4.32
4.09
2.57

2.18
* 1. 46

1.80
1.84

2.89
2.22
2.05
2.39
2.31
1.99
1.52
1.49

1.46

ORGANIC .C,

2. 34
2.98
1.28
1.52
1.15
2.65

3.58
1.85
1.71
1.45
2.b9

I.66
1.19
1.39

1.45

3.32
3.15
1.98
1. 14
1.68
1.12
1.

2.22
1.71
1.58
1.84
1.78
1.53
1.17
1.15

1.12

* % total organlc matter/1.72 4

% organic C readily oxidizable (% total organic C) •
(0.77): 1Wal kley, 1947

+ these stationp are situated between the original 11-2 and
11-3, and 1II-1 and 111-2, respectively. They are
samples from the dredged canals in the two tributaries.
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W SEDIMI:NTS - DISCUSSIOV

I. Particle Size Composition

The substrate of Barnegat Bay is most accurately

described as being sandy. This is a fine-grained substrate

with the lower three sand classes (Wentworth scale)

predominating. Median grain size tends to decrease from the

inlet area towards the mainland (Fig. 3). Abrupt changes in

bottom composition occur at about the Intracoastal Waterway

(Fig. 4, 5, and 6).

West of this transition zone the silt-clay fraction

increases until it dominates within the creeks and at the

mouths of these tributaries. This is probably a function of

the materials being transported by the streams and settling

with a decrease in current velocities. Flocculation may

also be operating on colloidal materials. Eolian transport

of sedimentary particles cannot be disregarded. Thoulet

(1908), using quartz particles, found that a wind velocity

of 3m ' sec- was sufficient to transport particles with a

diameter of 250,. Silt particles of 401 .Adiameter were moved

by a velocity of only lm • sec

The deepest portion (3.3 m) of the area studied occurs

just to the east of the Intracoastal Waterway. Observable

quantities of silt-clay occur within this deep area.

Precise characterization of this region is difficult because

kthe substrate composition is variable within the central bay
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area. Random bottom grabt- obtained about 10-15 m apart

ranged from a semi-fluid iviterial to a compacted, consoli-

dated state. The latter material, when removed from the

grab, retains the shape of the particular grab used. It is

difficult to fractionate by hand washing.

The widest section of the Bay (about 5.0 - 5.5 km)

encompasses the deep area mentioned above. Transect III

almost marks the southern extent of the deep central

portion. Cedar Creek, about 3.5 km above Transect I, marks

the northern boundary of the deeper section. From these

boundary points the Bay narrows, often considerably.

Outside of this central are'1 the remainder of the Bay is

comparatively shallow. Depths of 1.8 m, or greater, are

found only in maintained areas.

The depth in this central portion may be important in

maintaining the silt-clay fraction at fair distances from

their sources, i.e., the creeks. With the increased depths

there is a lesser likelihood of wind-generated currents

disturbing and transporting the finer materials. Depth

dampening of surface currents may permit settling and

expulsion of water from between the grains and consolidation.

The result is a more dense substrate requiring greater

velocities to transport the comI)osite particles. Laboratory

experiments (Postma, 1967) have shown that a 10 percent

water decrease (from 90 to 80 percent) increases the erosion

velocity from 19 cm ' sec-l to 48 cm " Gec- 1 . As the

substrate expels more water during consolidation, the



30

current velocity necessary to transport it increases.

Postma (1967) indicates that water movement from the

consolidating sediment is irreversible in sands and clays.

Clays (finer than 2sA) are relatively scarce in Barnegat Bay.

The contribution of the clays is only about 2.5 to 4.5

percent by weight.. The amount of sand, however, is

considerable (see Appendix), so consolidation may be occur-

ring in the deeper areas.

Another agency which may be operable in maintenance of

the muddy, central depression is the settling lag and

scouring lag (Luttmer, 1950) brought about by the asymmet-

rical distance-velocity characteristics of tides (Van

Straaten and Kuenen, 1958).

Even though the central region can qualitatively be

labeled as "muddy", the sand fractions are great enough to

quantify the substrate as being either silty sand or sandy

silt (Shepard, 1954). On the eastern side of the central

depression, with decreasing depths, the sands totally

dominate the composition of the substrate. It is within

this segment of the study area that extensive sand flats

and eel grass beds are found. The preponderance of sands in

the shallow portions agrees with Emery's (1960) findings

concerning depth of the water column and particle size sedi-

mentation. Stickney and Stringer's (1957) description of

Greenwich Bay, Rhode Island, seems similar to Barnegat Bays

... central core of the bay is mud composed of princi-
pally silt sized particles with some clay and sand.
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Sand bottom occurs near the mouth of the bay where
the water is somewhat shallower.

One apparent difference between the two bays is the amount

of silt. The amounts of silt-sized material recorded from

Barnegat Bay could not be described as the principal sub-

strate component.

Agreement among or between the different years' data

for-.the same station is generally good. As mentioned

previously, much of the material greater than 500U diameter

is primarily non-sedimentary. Variation among the larger

size (above 500A) classes is more biological than sedimen-

tary. There is no reason te expect precise agreement among

the data since the sedimentary composition is in a dynamic

equilibrium with numerous environmental parameters. Samples

were always obtained in July and/or August, so this should

have reduced seasonal variation (Stephens, Sheldon,' and

Parsons, 1967). Normal bottom variation from point to point

probably accounts for much of the observable within station

variation.

MJaterials with a sorting coefficient (SO) less than 2.5

indicate well-sorted material (Trask, 1932). This parameter

provides an index of how uniform the substrate particles are

within the central 50 percent size range. Thus, two samples

may have the same median grain diameter, but vastly differ-

ent sorting coefficients. The sample in which the first and

third quartile (QI and Q3 in the Appendix) values have a

narrower range will have the lower Soo The range of
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substrate particles will he smaller in a well-sorted area

because the currents are relatively uniform and the currents

maintain a more uniform family of particles. The more

dissimilar the Q1 and Q3 values, the greater the So will be.

The only areas in the study region that have values

greater than 2.5 are those within the creeks and around the

mouths of the creeks. Progressing across the Bay from the

mainland there is a general decrease in the sorting coeffi-

cient. Concomitant with this, there is an increase in the

skewness (Sk) indi-cating larger percentages of the larger

sediment particles (sands).

These distributional data are most likely the product

of the current phenomena at the particular location and the

nature of the substrate from where the dominating currents

originate. The eastern region is closer to the Oyster Creek

Channel and Barnegat Inlet, so sands introduced on the flood

tide should settle out in this area as the currents diminish

below transport velocity. Finer materials will be carried

more westward until they too are no longer maintained in

suspension. Inman (1949) has demonstrated that particles of

180A (0.18 mm) are the most easily moved. As a result,

particles of this size will be the best sorted. Referring

to Figure 3, this is seen to be borne out. Hough (1940,

1942) and Sander! (1958) data agree very well with Innan's

findings. Harrison et. al. (1964) in Chesapeake Bay also

seem to agree, although their values are computed differ-

ently, By converting Krumbein's (1936) phi scale to
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microns, there are six stations (nos. 18, 22, 26, 28, 42,

and 53) in the Chesapeake study that have M2 of about 180Q,I

but only one is described as being well sorted. Two others

are moderately sorted, while the last three are very poorly

sorted (terminology and computational technique for Soo

Folk and Ward, 1957).

On the mainland side, the creeks act as the main

channels of deposition. Varying in size and drainage area.

they collect a variety of terrigenous materials; and these

are transported toward the Bay. Much of the western margin

consists of marshland. The muds associated with marsh

generally hav.e a wide range in grain size and are more

poorly sorted than sub-marine sands (Guilcher, 1963). Marsh

runoff undoubtedly contributes to the larger amounts of fine

materials (skews the particle composition to the fine

particle end). The lower current velocities and sheltered

reaches along much of the mainland side do not permit as

effective a flushing mechanism as found in the open bay

situation. These factors result in a more poorly sorted

bottom material along the western side,

II. Organic Material

Increasing amounts of organic material with increasing

amounts of silt-clay is expected. Trask (1932) demonstrated

a similar condition for coastal situations. In the Thames

Estuary (United Kingdom), the finer bottom types contained

more organic carbon and nitrogen than the sandier areas
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(Newell, 1965). Examination of Stickney and Stringer's data
(1957) shows that the statlons (nos, 1-7) described as silt

or sandy silt have consistently greater organic contents

than the sand stations (nos. 8-12). The data of Harrison

et. al. (1964) show no consistent pattern between organic

carbon content and substrate size composition. Certain sand

stations contain as much or more organic carbon than clayey-

silt stations.

The amount of organic material recorded in Barnegat Bay

is comparable with the results of the studies previously

credited. Although the correlation is not very high ( r

0.636) between the amount of organics and the percentage

silt-clay fraction, the generalized tendency relating these

parameters may be seen in Figure 8. The correlation coeffi-

cient in this instance is significant at the 0.001 probabil-

ity level. The equation determined in regressing Y on X in

this situation is y - 2.82 + 0.06x.

Proximity to the marshes probably plays an important

role in organic content of the substrate. Vegetation and

decomposition products could be washed into the Bay on the

mainland side as a result of storm tide flushing and precip--

itation runoff. In this way the western margin has a

greater immediate contributing rource area for organic

materials than does the more seaward portion of th? Bay.

Other factors enter into the amount of organics

present. Although no attempt in assaying bacterial popula-

tions was made, it is probable that the finer sediments



0

Figure 8. Relation between the amount of organic material
and the percentawe of silt-clay in the substrate.
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contained greater bacterial concentrations than the sandier

substrates (Zobell, 1938). In conjunction with the bac-

terial flora, availability of oxygen can affect the amount

of organic material. Anaerobic situations coupled with

inorganic sedimentation can maintain an organic material

longer than an aerobic environment. Stations within and

adjacent to the creeks generally had bottom materials

premeated with the odor of H2 S. Redox potentials were not

measured, but it is assumed that the blackened, sulfurous

sediments were anaerobic. These stations typically had the

highest organic content.

0
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BENTHIC Ir'/ERTEBRATES - METHODS

I. Field

Quantitative estimation of the benthic invertebrate

population was conducted using the bottom grabs described in

the section on sediment methodology of this paper. The

Petersen grab was used during 1966 and about halfway through

1967. The first use of the Ponar was 19 July, 1967. After

this date the Ponar was the primary grab used. Both

samplers were lowered and raised by a hand-operated winch.

The contents of an average of seven samples per station

were pooled on board. These materials were then washed by

hand through nested sorting screens. Laree. immediately

identifiable specimens were noted and returned to the Bay.

All organisms larger than 1.5 mm (smallest screen aperture)

were picked off the screens, preserved, and returned to the

laboratory.

Occasionally, qualitative samples were obtained with a

Caribbean type dredge (Crowell, Collier, and Macmillan,

Inc.). This was towed along the bottom for a period

averaging four minutes. Upon retrieval, the organisms were

treated the same as in the quantitative section.

II. Laboratory

All organisms were identified to the lowest possible

taxon. Various authorities were used. Among the major

identification sources were Abbott. (1954), Mills (1967),



Pettibone (1963), and Sml'h (1 9 64). Representative indiv-

Iduals of many of the spec ies are stored as verification

specimens in the Department of Zoology, Rutgers University.

The density of each species was calculated for the

sample area and expressed as numbers of individuals per

square meter. In addition to the species' densities, the

species' diversities were also calculated for each quantita-

tive sample, Two formulae were used in the diversity

calculations, 1) Margalef's (1957) index d - S-l/ln N

where S is the number of species encountered in the sample

and N is the number of individuals; and 2) Shannon-Weaver
N

(1 9 4 9 ) Information function II N - pi * log Pi where H'

is the information content and pi ýs the proportion of the

i th species in the community (l,2,3,.,.I).
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BENTHIC INMERTEBRATES - RIKULTS

Table IV. lists the invertebrates recorded during this

study. This register includes epi- and infauna. All inverte-

brates captured by qualitative and/or quantitative methods

have been listed. Generic and specific nomenclatures are

based on the authorities used in initial identification.

Table V. presents the organisms in taxonomic ranking.

The faunistic survey was conducted through the year.

Frequency of collecting was greatest during the spring-to-

fall seasons. This skewed tenporal sampling pattern appears

to be fairly routine in the middle-to-high temperate lati-

tudes. Temporal distribution of the benthic invertebrates is

presented in Table VI. This is a presence/absence listing; a

species was or was not recorded from some area in the Bay

during that month. No distinction is made as to whether a

species was obtained quantitatively or qualitatively.

A condensed monthly register of invertebrates appears

in Table VII. This table records the actual appearance of

the faunas no interpolations have been generated.

A concise presentation of the spatial distribution of

the benthos can be generated only by reducing the resolution

of the Individual samples. Since no two of the 300 collected

sampol- were Identical, a complete picture of the spatini

arrangement and densities of the invertebrates could be.

given only by a monotonous listing of the individual sample



Table IV. Benthic invertebrates recorded from Earnegat Bay, New Jersey.
Collected during the period June 1965 - ý;arch 1969.

Aequibezten irradians (Lamarck)
A7athia s .
Anpelisca macr oceae (L7lljebourg)
Anphitrite ornata (Leidy)
Anachis avara (Say)
A."adar-a ovalis (5ruauiere)
Asterias forbesi (Desor)
Balanus balanoides (Linnaeus)
Balanus imurovisus (Darwin)
Bittium alternatum (Say)
Botryllus schlosseri (Pallas)
Bugula turrita (Desor)
Busycon canaliculatum (Linnaeus)
Callinectes sapidus (Rathbun)
Callipal!er.: brevirostris (Johnson)
Cancer irroratus (Say)
Caprella geometrica (Say)
Caprella linearis (Linnaeus)
Carcinus maenas (Linnaeus)
Cerebratulus lacteus (Leidy.)
Cerianthus amerlcanus (Verrill)
Cirratulus grandis (Verrill)
Cliona celata (Grant)
Clymenelia torquata (Leidy)
Crangon septemspinosus (Say)
Cratena pilata (Gould)
Crepidula convexa (Say)
Crepidula fornicata (Linnaeus)
Crepidula plana (Say)

Cyathura polita (Stimpson)
Diopatra cuprea (Bosc)

Drilonereis-longa (Webster)
Edotea triloba (Say)
Ensis directus (Conrad)
E'pitoniuum rupico 1a (uurtz)
Erichsonella attenuata (iarger)
Erichsonella filiformis (Say)
Eupleura caudata (Say)
Eurypanocpeus depressus (Smith)
Gammaridae
Gemma gemma (Totten)
Glycera dibranchiata (Ehlers)
Golfingia gouldi (Pourtales)
Gr,'ia concta (Smith)
Halichondria bowerbanki (Burton)
Haloclava producta (Stimpson)
Haminoea solitaria (Say)
Harmothoe imbricata (Linnaeus)
Heteromysis formosa (S. 1. Smith)
Hippolyte zostericolor (Smith)
Hydractinia echinata (Fleming)
Hydroides dianthus (Verrill)
Idotea baltica (Pallas)
Laevicardium mortoni (Conrad)
Lepidonotus squamatus (Linnaeus)
Leptosynapta inhaerens (0. F. NlI!ler)
Libinia dubia (oilne Edwards)
Limulus polyphemus (Linnaeus)
Lumbrineris tenuis (Verrill)
Lyonsia hyalina (Conrad)
Macoma balthica (Linnaeus)
Macoma tenta (Say) 0•
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(Table IV. continued)

Marphysa sanguinea (EZiontagu)
Yaldancpsis elongata (Verrill)
Membrani-ora sp.
Mercenaria mercenar;a (Linnaeus)
Yetridium senile (Linnaeus)

Microciona prolifera (Ellis & Solander)
Mitrella lunata (Say)
Molgula manhattensis (DeKay)
blulinia lateralis (Say)
Mytilus edulis .(Linnaeus)
Nassarius obsoletus (Say)
Nassarius trivittatus (Say)
Nassarius vibex (Say)
Neomysis americana (S. I. Smith)
Neopanope texana (Smith)
Nephtys in, isa (Nalmigren)
Nereis arenaceodonta (,,oore)
Nereis pelagica (Linnaeus)
Nereiz succinea (Frey & Leuckart)
Nereis virens (Sars)
Notomastus latericeus (Sars).
Nucula proxima (Say)
Oxyurostylis smithi (Calman)
Pagurus longicarpus (Say)

Palaemonetes vulgaris (Say)
Pectinaria gouldii (Verrill)
Pennaria tiarella (Ayres)
Petricola pholazliformis (Lamarck)
Pista cristata (0. I. NMller)
Pista palmata (Perrill)

Podarke obscura (Verrill)
Polinices duplicatus (Say)
Polycirrus eximius (Leidy)
Retusa canaliculata (Say)
Rhithropanopeus harrissi (Gould)
Sabella micronhthalrma (Verrill)
Sabellaria vulgaris (Verrill)
Sc2.oplos armiger (0. F. Mi'ller)
Solemya velum (Say)
Sthenelais boa (Johnston)
Sthenelais limicola (Ehiers)
Tagelus divisus (Spengler)
Tellina agilis (Stimpson)
Tellina versicolor (CeiKay)
Tubularia crocea (L. Agassiz)
T.rbonilla sp.
Urosalpinx cinerea (Say)
Yoldia limatula (Say)

p
H



Table V. Taxonomic registnr of benthic Invertebrates
recorded from Bnrnegat Day, New Jersey.

PHYLUM PORIE'LRA (3 app.)
Cllona celata
Hlalichondria bowerbanki

PHYLUM CN]I)ARIA (7 opp.)
Clans Hydrozoa (4 spp.)

Amathia sp.
}lIydractinia echinata

Class Anthozoa (3 app.)
Cerlnnthus americanus
Haloclava producta

PHYLUM NLMLR'.A (1 sp.)
Cerebratulus lacteus

PHYLUM ?JiOLLI)SCA (36 spp.)
Class Gastropoda (18 spp.)

Anachis avara
Bittium alternatum
Busycon "canaliculatum
Cratena pilata
Crepidula convexa
Crepidula fornicata
Crepidula plana
Epitonlum rupicola
Eupleura caudata

Class Bivalvia (18 spp.)
Aequipecten irradians
Anadara ovalis
E'nsIs directus
Gemma gemma
Laevicardlum mortoni
Lyonsia hyalina
Macoma balthica
Macoma tenta
Alercenaria mercenaria

PHYLUM ANEI1,IDA (28 spp.)
Class Polycaeta (28 spp.)

Ainphitrite ornata
Cirt-at , lus grandis
Clymenella torquata
Diopatra cuprea
Drilonereis longa
Glycera dibranchiata
Harmothoe imbricata
Ilydroides dianthus
Lepidonotus squamatus

Microciona prolifera

Pennaria tiarella
Tubularia crocea

Metridium senile

Haininoea solitaria
Mitrella lunata
NassariUs obsoletus
Nassarius trivittatus
Nassarius vibex
Polinices duplicatus
Retusa canaliculata
Turbonilla sp.
Urosalpinx cinerea

Mulinia lateralis
Mytilus edulis
Nucula proxima
Petricola pholadiformis
Solemya velum
Tagelus divisus
Tellina agilis
Tellina vernicolor
Yoldia limatula

Lumbrineris tenuis
Naldanopals elongata
V.arphysa sanrguinea
fiephtya incisa
Tiereis arenaceodonta
Nereic pelagica
14ereis succinea
Nereis virens
Notomastue latericeus
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(Table V. continued)

PHIYLUM1 ANNI-I'LIDA, Class Polchaeta
Pectinnria gouldii
Pista crintata
Pista palmata
Podarke obscura
Polycirrus eximius

PHYLUM SIPUrJCILlDA (I sp.)
Golfingia gouldi

PHYLUM ARTHROPO[)A (28 spp.)
Class f, erostomata (1 sp.)

Limulus polyphemus
Class Pycnogonida (1 op.)

Callipallene brevirostris
Class Crustacea (26 app.)

Anmpe]isca macrocephala
Balanus balanoides
Balanus Improvisus
Callinectes Sapidus
Cancer irroratus
Caprella peometrica
Caprella linearis
Carcinus maenas
GranV,on septemspinosus
Cyathurn polita
Edotea triloba
Erichsonella attenuata
Erichsonella filiformis

PHYLUM ECTOPROCTA (2 epp.)
Bugula turrita

PHYLUM ,C1ilINOD).i;RMATA (2 spp. )
Class Asteroidea (1 ep.)

Asterias forbesi
Class Holothuroidea (1 sp.)

Leptosynapta Inhaerens

(continuod)
Sabella microphthalma
Sabellaria vulgaris
Scoloplos armiger
Sthenelais boa
Sthenelais limicola

Eurypanopeus depressus
Gammaridae
Grubia compta
Heteromysis formosa
Hippolyte zostericolor
Idotea baltica
Libinia dubia
Neopanope texana
Neomysis americana
Oxyurostylis smithi
Pagurus longicarpus
Palaemonetes vulgaris
Rhithropanopeus harrissi

Membranipora ep.

PHYLUM CHORDATA
Subphylum Urochordata (2 app.)

Botryllus schlosseri Molgula manhattensie

S
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(Table V!. Crntsiued)

1965
?E%6 1967
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Poda rke cbs.,ijrn
Pcllrnces dipl I :AtusPnly: irr,,is *?x~n:u5
Retusa caral fulata
Rr-fthr-cparcvnju.; narrlss!
Sabella mzrrrPithal-a
Sabellarla ',ulgnr's
Sclcpics ar-.gŽ+
Selemya velum.
Stnenelai s'.l

Ta:el:s dvlJ.
TelltrI aI-I -t--
•elitna .er:Vr-,-r
Tu uj!a•r; a .- r(
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(Table VII. continued)

Species J F M A M J J A

appeared during eight of the twelve months

S 0 N D

Bi3ttium alternatum
ClMona celata
Clymenella torquata
Crepidula convexa
Ensis directus
Bury panopeus depressus
Grubla compta
H{ippolyte zosterlcolor
Hydractinia echinata
Nassarius obsoletus
Rhithropanopeus harrissi
Sthenelais boa

+
+
+

4-

++
+

+ + + +
+ 4- -+
+ 4- + *+
+ + + +
+ + + 4-
+ + + +
+ + + +

+- + +

+ + +
+ + +

+ + + +
+ + +

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +-

+
+

+* +

+
+ +

+
+
+

4-

+ +
+

+
+
+
+

+

4.

+
+
+
+

++

appeared during seven o:' th

Botryllus sch1.onseri
Caprella geornetrica
Cirratulus ,randis
Crepidula plana
Zrichsonella attenuata
Gammaridae
Gemma gernma
Mytilus edulis
Neroin pelai•ca
Nerels succinea
Pennaria tiarella
Tellina versicolor

+
+ .4-

+

+

+

e twelve months

+ + + +
+ +

+ + + +
+ + + +
+ + + +
+ + + ++
+ + + +
+ + + + +

+ 4- +
+ + +
+ + +

+ + + +

+
+ +

+

.9 +

+
+I
-9

+
+
+

+

+
+
+

+
+

+

+
+
+
+

+
+
+
+
+

+

+

appeared during six of the twelve months

Anachin avara
Crepidula rornicata
Lumbrineris tenuis
Microciona prolifera
Nassarlus vibex
Petricola pholadiformis
Pista cristata

+ +
+
+

+ +
+ + +

* +
+.+ +

+- +
+ + +

+ +

+
+
+

+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+-

appeared during five of the twelve months

Balanu3 improvisus
Lopidonotus squamatus
Polinices duplicatus
Sabella microphthalma

-I- +
.+ +

+
+ + +

+ +

+ + .+
+ + 4-' +

+ +
+
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(Table VII. continued)'

Spo1 I COs J F "M A M J J A S 0 N D

appeared during four of'the twelve months

Aequipecten irradiane
Callinectes napldus
Caprella linnaris
Cerianthus arnericanus
Epitonium rupicola
Golfingia gouldi
Heteromysis formosa
Libinia dubia
Macoma tenta
Nephtys incisa
Nereis virens

+. +

+ + +

+ + +

+
+
+

+
+

+
+

+

+

+ +
+ + +
+ +

+ + +
+ + ÷

+ +
+ +

+

+ +
+ +. + +

appeared during three of the twelve months

Anadara ovalis
Callipallene brevirostris
Macoma baithica
Neomysis americana
Nerels arenaceodonta
Pistri palmata
Podarke obscura
Sabellaria vulgaris

+

+ + +

+
+

+
+
+ +

+
+

+ + +

+
+

+
+

+

+ +

appeared during two of the twelve months

Amphitrite ornata
Busycon canaliculatum
Cerebratulus lacteus
Cratena pilata
Hdotea triloba
Haloclava producta
Haminoea solitaria
Metridium senile
Tagelus divisus

+ +
+ +
+ +
+

+ +
+

+

+
+ +

+ +
++

appeared during one of the twelve months

Amat-hia Rp.
Balanus balanoides
Drilonereis lonra
Cancer Irroratus
Carcinus maenas
Limulus polyphemius
Marphysa sanguinea

+

+
+

+

+
+

+
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Table VII. continued)

Species J F M A M J J A S 0 N D

(one appoarance, continued)
Nassarius trivittatus +
Nucula proxima +
Oxyurostylis smithi +
Polycirrus eximius +
Tubularia crocea +
Yoldia limatula +

S

-S
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tabulations.

Pooling of all the data, estimation of grand means,

standard deviations, L.S.D.'s, etc., would condense the

volume of data, but it is the author's feeling that such

treatment would be inappropriate in this study. Such sta-

tistical manipulations could mask the natural variability

among different regions of the Bay and the infrequently

encountered, or rare, organisms might be entirely deleted in

such a gross treatment.

A compromise between a complete listing and a very

condensed presentation has been attempted here. Tables

VIII, and IX. present the spatial distribution of the

benthos in a."patchwork" fashion, The positions listed

correspond to the major sampling stations within the Bay.

All of the collections made at a particular site have been

pooled so the total volume of data is reduced somewhat. At

the same time, all of the organisms that appeared at that

site are listed, regardless of the frequency of their

appearance, so the taxonomic composition is complete.

Table VIII. presents total (qualitative and quantitative)

appearance at a site, while Table IX. includes only quanti-

tatively derived data. Graphical representation of these

data appears in Figures 9 and 10 respectively. As may be

seen from the data, there are many species which appeared

infrequently. The small number of appearances of such

organisms precludes significant statistical treatment of

their numbers. For the quantitative samples, the most



Figure 9. Total (qualitative and quantitative) number of
invertebrate species and the frequency of their
appearance at major stations in Barnegat Bay.



Figure 10. Number of inver-tebrate species recorded quanti-
tatively and the frequency of their appearance
at major stations in Barnegat Bay.
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*12 01I0 16

°0 8
0 w ~14

6 o 12

6 4 12

6101l+1 10

2 8

12 3 5 12 Times Appeared 5 4

TiTem Appeared 2A

123157
Times Appeared



Q,42
42
-I

0

0z

16

14

12

10

8

6

4

2

Quadrate 81
Light 2

16
14

12
10O© 10

o-0 6
.40

16
14

( 12

(D 10

0z •2

Quadrate 17A
Bouy G

1 2 3 4 5 0 7 0 10121
Times Appeared

12345 b
Times AppearedTimes Appeared

18

16

©D 14

I0S12

(4 80

o 6
0

2

Quadrate 15B
Bouy E

.18

16

© 14

o©12

10

6.

2

Quadrate 23D
.Light 3

18

16

~'14

o12

10

08

.6
z 4

2

Quadrate 23D
. J Eouy

12 3. 5 71

Times Appeared Times Appeared
'4'



22

20

18

m16
0 14

1012
10

0 8

,6
z

4

2

Quadrate 15C
Bouy.Dl

22

20
181

w16

-14

P.12

%4-410~
0 8
zj6

4

2

Quadrate 22A
Light 4

18

16

12

o8

- 2

Quadrate 172
Bouy F

ITI
4.

12 34 7
Times Acpeared

J 2 3 L+ o 7 Li
Times Appeared Times Appeared

0)

C,

o4-

0

R

6 Quadrate 23A
Tran3ect III-i

l 2
Times Apj-"arcd

6
6 H!4adrate 13A

1 Bouy Cl

0 1 2 3
Trimes Appeared

12

C-4

ja

0
z

Quadrate 17A
Bouy G

..,

12
Quadrate 21Z-. i J•-i

o4

T2

Ti-es Ap-e ýre.4-Times Appeared

0t'



16 Quadrate 8C 16 'uadrate 143 16 Quadrate 17A

14 Light 2 14 Bouy D 14 Bouy G
12 12 ©12

0 10 10 1

.8" 8

62 1211
S0 i 

0 606

I !: 
II

I 2 3 5 / o 5 10 1 2 3 4 5 b 1 2 3 4 5 b 7 o 10121
Times Appeared Times Appeared Times Appeared

18 18 18
16 Quadrate 15B 16 Quadrate 23D Quadrate 23D

16 Bouy E 16 Light 3 1J ouy

14 14 14

(12 o12 I 12

V •10 n 100
0 80I

6 6 16

2192 Mlw.q 2

2 3 I4 5b 7 . 9 101i 1213
Times Appeared

2 3 45o
Times Appeared



22•
20,
18

0 16
0

-'14

10
0 8

Quadrate 15C
Bouy Dl

22

20

18

w 16

~14

".12
cn
,..410

0 8

4

2

Quadrate 22A
Light 4

18

16

12

o

-. 2

Quadrate 17C
Bouy F

0 61
4

2

12T3e 7 t
Times Appeared Times Appeared Times Appeared

6 ~6 13Ao 6[1Quadrate 23A 0- ad-t1Transect III- Bouy Cl

o 2 3 ? 0 12 3
om1 2 3 57 __0 1A23STimes Appleared 'Times Appeared

12

S6
4- 4

'2
*o

za

TI
a-.-.Li?'

Quadrate 17A
Bouy G

12

0

u26

o4

2

Quairate 23Z
j 'El: 0 -

12 3) 3 j 7o 3J
-Times .Appeared Times Appeared

0~'



S S

18
16

14
12

10
8

6

4

2

Quadrate. 8C
Light 2 16

14
12

10

8

6
4

Quadrate 23D
OCC*

16

14

12

1.0
8

6
4

2

Quadrate 22B 14
Light 12 12

12

10
8

6
4
2

Duadrnte 210
Light 3

P" P

J•

1 2.3 4 5 6
Times Appeared

1 2 3 4 5
Times Ap ared

1 2 3 4 5 o o 9 12
Times AppearedTimes Appeared

14 uadrate 1

12 . Light i-S

10
8

6
4

2

Times Appeared

1
14 Quadrate 15B

12 Bouy E

8

14 . 14ruadrate 21D uadrate ]

12 'ransect I-i12 Bouy D

10 .10

6 6 it.

2 .; 2

1 23.4 12 3
Times Appeared . Times Appeared

l4B
12
10

8

6

4

Quadrate 2ZA
- FRC**

z

T23e 45A0e.7Times AppearedTimes Appeared

*Oyster Creek Channel
**Forked River Channel



Table V=.Spatlal d'stributicn of bentniz invertetrates in 2ar-.egat Bay,
New Jersey. Number of appearances are ba3ed cn beth qualita-
tive and quantitative base:.

LO-AT-CN L
N-. S7FL. DAT73

S-crcez'-.aa•A-relista
• maZr.Ze~naia

Ampnitri te

crnata

Ana-c!ý avara

Anadara ova1 u

Aster-as forbesi

Balanu7 mIprfrvisus

Bi4tt-r.T alternamun

Br tryllus
s2-l. sserl

Bug-la turrlta

Bu s "!qc .n
canal cu la tum

Cal r.e_ te3
Sac,:. d'3

Call i:ailene
brevi rczt r.

Cancze r lrrorfxtus

t. 2
10.

11 13A 14-
Lt. 1-3. B- uy Cl Bc'iy D

7

Bcuy EBruy Dl Bc-uv G Bc'uy F
!! 17 1.. l

N¢un~r c: •rrearan~e5

• . :2Ž 23D 2D
Trans. 1-1 Lt. 4 Lt. 12 Lt. 3 J Bc.uy

7 lo 7 7

1

2

2 .1 1 14

1

1

31 41 2 9
1

S 2 2

1

2 4 2

1
3

2 3
.5 2

.5
I 1

I 1

1 2 . 1 1 2

1



0

CJA)R~A-. 11 1 "A 14B 15B 15C I'A 17c 21D 22A 2l2 B 5 ;S
LCCA-Ir-N Lt. 2 Lt. 1-S. Br-u y Cl Bouy D Bouy E Boly 01 Bcy BBcu F T n. - Lt L.1' t.5 Juy

N~.SPL AE01 6 11 12 l' 14' 7 1&ý

Spec . es
Caprella

ge- metr.' ca

Car: 'nus maenas

Cere bratlus
lact eus

Ce rianthus
americanus

Clrratulus grandis

ClIona celata

Clymenella torquata

Crangon
septemspinosus

Cratena pilata

Crepldula convexa

Crepidula
fc rnl cata

Crepidula plana

Cyatnura poli ta

Dicpatra cuprea

Drllonerels longa

NxT~er cf Arearances

.5
1

2

1

3
3

2

3

2

1

2 5
1

5

1

2
ti

6

1

1

1
1
6

5
I

1
1
5

2

7 1 6

1

8 9
1

1 " 5

2 1
1 1

8 5

2 3

11 2. 15
1

.5

1

2

1

5
5

6
2

5

7

6

6

2

:5
1

iC
4

.2

4

1.

5
7

1

4

2

'0



(Table .- .contInued)

QUADRATE 8C 11 13A 14B 153 15C 17A 17C 21D 22A 22B 23D 21D
LOCATION Lt. 2 Lt. 1-S. Bouy C1 Bouy D Bouy E Bouy Dl Bouv G Bouy F Trans. I-1 Lt. 4 Lt. 12 Lt. 3 J Bouy

NO. SML. DATES 10 7 6 6 11 12 14 14 7 16 7 7 7

Edzi-:ea trilota

En sis dl rectus

a ~irua t
Ez.nscnella
attenuata

rill fcrmis
i'upleur-a cauhdata

E~u ryparncpeu-:-.
depressus

Gamz.ar'dae

Getnma ge-ma

Glcera
d'brancniata

Gclflnifa g,- Ll•l

Grftia ,,mpt.a

Hallc hrr- r a
bwer-an..

Haliý:Iava prnd,'ita

Ruzber nf Ap~rai.ernes

2

5 22 5 2 1 2 1 1 4

1

3 2

11 1

2 2

4

1

2
1

1

1 1 2 2 2 1 2

2

1 2
6
2

2

7

4

7

1

3 122

1

4 b

3
1

2 2 1 1 4

1 4

5 7

1

1-

2

2

1

2

2 5 2 7 4

1 1
2

1
1

7 2 5

2

61I 4

I
1

1
1 1 1

0'
0

1



(

(Tacle*.::.cn rue

s S

11 1-3 A 1I 153 152 17A 17C 21D 22A 22m 23D 23DL0CATr*N Lt. Lt. 1-7. Bcux, 21 3<'y D 3c=y E cu:, Dl Bcuv G Bcu: F Trans. I-i Lt. • Lt. 12 Lt. 3 J Bcuy

N" 3MFL.DATES 10 7 6 6 11 12 1 7 1ý 7 7 7

H a-•i..zc e a
sc.li tar-ýa

Hsarma.nce

imb r- :$a

He-'er'ny-.vs

fcr-,c sa

zcster~ic~clr

Hydra.... .a
e chlina -a

ldctea baltica

Laevl :ardlim
mc rtQr.-

L p 1 dcr. S
squau:-atus

Leptcs-,-nap a
innaerens

L, h r I nerl a

Ly,.ns a '.yali na

Nuxn-r 'f Arnearances

I

2 I 2 2 3 2 1 2 2 7 1

2

2

5

1

2

5

1 2

2 1

1

3

1

2

1 2

2

3

1 3
1

3 7

1

1

5

3 1

2
1

3
10

1

31 I

1

1

1 3 1

1 1 1 2 1

21 1 I 1

3

2

2

1

1
22. 52 L 1



(Table ".--. crntlnued)

AD 7,A 7 E 11 13A 1aB 153 !5C 17'. 17C 212 22A 22- 2D .
LOECA._0 Lt. 2 Lt. 1-. Bcuy C1 Bcuy D Bcuy E Ecu. Dl Bouy G Bcuy Trans. I-I Lt. 4 Lt. 12 L. 3 J •:uy

NC. SMPL. DATES 10 7 6 6 11 12 14 1: 7 1: 7

Sro- es

Mar-pnya san;ulnra

Maliarrps's
erongata

Memntranipcra sr.

Mer-enaria
mercenaria

Me.ridlum senile
W-crý,--'na
prrlifera

Mitrella lunata

Mo1,l1a
mannattensi3

Mullnia lateral:,

Mytllu5 edulis

Nassari, us
ob S1etua

Nazsarrus
trNaittatus

NassarIu3 vibex

Nu.rnb'~r rf An ~~rar.:~s

1 1 12

15

1

1 11 2

2 1

2

3

1
1

13
1

3

3

2

4 i

2 2

4

5

21
1

6 1 7 2 5
1 1

1

3

1 1
1 1132 10 . 1

'4

'4

4~

1
1

4
1

1
4

1

3

12

2

1 4

6 10

1

1
1

7

7

2

4

1

1 3 1 7

1

2
01

2 r~j
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(Table v-.contlnuc-ý)

QUADPATE 6c 11 13A 14B 15B 15C 17A 17C 21D 22A 22B 23D 23rLOCATICN Lt. 2 Lt. 1-S. Bouy CI Bcuy D Bouy E Bcuy D1 Bouy G Bouy F Trans. I-I Lt. 4 Lt. 12 Lt. 3 J 3cuyNC. SMPL. DATEr 10 7 6 6 11 12 14 14 7 16 7 7 ..*7

Ner7panrpeex"

Nezntys Inciss

Ne r~e-'

Nerels pe lagiza

Nerc-3 s,.:c~nea

N -e: v~lren!,

,;Ccmtor.S*ýUs
1 at2r - e us

Nucula ne~n

O~xi r- s ty2Is
smt I

Number of' Aov'e~iraný:'s

.6 7

1

5
1

1

7

1

2

62 3 .6 3 3 4

2

2 2 3 1
1

2 2
1

1

1

3 2

3 3
1

1 2 2 . 3 6, 3

1

6

5

2

1

1
1

1
Faý-u r-'i

1 oni7.': oar pý 15
Palaemrrc.e ;ýes

Oeu na r: a 5 -
-ne.:nar~a t.cw2.1i.

2

2

2

1

2 2 1 7 1

1

5
1

35 *2 3
7

4

7

1

56

2

3

10

1

1

1.

7

12

3

4

1 3



(Tacle =-.

Pista =ra:1-ata

F,- 11. n e :;
du-oI I-a tu s

Re t'is3a

Satella

Sclem-v-a v;elum

Stnenela-'s btý.

1 .x:..c la

Tai~elus d>ivzu;

A.c ii
Lt. 2 Lt. 1-S.

J(' 7

iSA L
N-cuy Cl. Bc.':. D Bo 152

17C
B Ku;,

21 D 22A 22B E 2" 2*D
Trans. I-! Lt. 4 Lt. 12 Lt. 5 j E

7 1 7 7 7

1 I 1

1

1

1

I

1 I

2

1

5

5

2

2

1

2 2 4, 2

3 3 3 1 1 4 1

2

1
1

3

1
1

1

5 '4

2

1

1

2
1

4

2

1 1

5
2 2

I

i 3 2 2 2 I

c. 3 2 ~ !- 1 1? ;

0



S

(T'able .... con=rnue~ i

cUAD i-T, ZC 11 LJ5A 1B 155 I2) I1A I,: 21D 22A 222 23D 2 D
LCCATI11o Lt. 2 Lt. 1-3. Bcuy Cl Bcuy D Bouy Bc<. Dl Bcuv 3 Bcuy F Trans. I-! Lt. 4 Lt. 12 L'. J

N 3,. SMP. DA-'72 1' 7 6 1- 17 1 7

e n ____e r a_ _ ............

Tell'na
versI2cl* r

Tubularia zrrc(: L

T' rzen lla sp.

Urc sal ir-
c ine re a

YolJi' li-atuln

1 I 1

4 6 6 1 1 1 2 i

1 4 1 4 1

1

C7



Table x. Srat-I.l d strUb-tirn of bennr . inver-ebra'es In rarne.-a La'.y,New Je:!rne.. . Number c f azý-earan-e5 are2 Iha:e.' ir. 'an .tat ve Jets.

N.S.D.:Nu.nber Sa-.ri'n.3 DaLes L:LLi.nt B:Bruy T:7rann.e7t FR?:F'r'e.t River 'Tar.ael CCn:Cyst-er "reek Chanrnel

.A2- 1L !I'A l:,' 21A 227 C. L 2
L TCL 7 L L t- 1-3 B )B 1-1 -! FBB. L !2 T J B L CC.

maz r-.cepnala 1 1 1
Am r,' * "r' te

r. rra.a a

Anad'ara '.val 1

Aster'-as

Ba' a.nu.-
Imprre.v sIjs1

BI ttiu- ,
a1te rna tti 1 2

Br try1lu z
scthl'zzer:

Bul.u2a turri.ta 11i

Bunyc,.n
canal 1'•it.'•n i

Caln

Can:>er
Irr ra.us s
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(Tab1eD r c'_ t.er'nued)

QUJADRAT E oc 11 i .A 143 15B 15C ITA 17C 21D 22A 22A 22z: 215A 23D 2 23D

LOCATI,'N L 2 L 1-S B Cl B D B E B DI B G B F T I-1 L % FRC L 12 T I!.-I J B L 3 CCC
4 -- 5 10 -11 4 14 7 5 - 7 5- -12 6

Ce r br•t. is1

la t~ews
Ce r an tttU3

am e r c. a:-. i
C. Cr

Sran ir.4

C •,'7,.12 ! ! a

t r, uc rt.

C rcŽ, •p u 1 a
C, '!'.' : Xa L

N~.r ~

I I

2 1

1 1 1 5

2 4 2 6 6 .5 5

1 1 : 1 5 1 2 1 6 1

p ',.:a
D .3a

D ' ya"{ - sY

I(:"_. -a

1

L 2 4.3$ 4 5 2 1O 5

1 • 2 5 4 ? 1 1 a 5

S2 12 5

4

1 1 ~



(Tatle !X. ccnrtlnu--J'

QUADRATE 1! 13A 14 B 15B 15: 17A 17: 21D 22A 22A 223 2.'A 25D 2 D 23D
LCIATa L 2 L 1-S B C! B D B E B Dl B. G. B F T :-l L FRC L 12 T II-1 J B L c CC
N.S.D. --- - --10 - 7 - 7 5- 1

Smeý!:es .
-n. s darec -as

.Ep3 -ý':-nl I -i7

ruplcla

Eri4c'iscnella
at'ienuata

Erlcl sonella
filforzls
fu 11 e o ra.D•jpleura

caudata

Eý;r.yanc.eu's
depressus

Ga.mnarldae

Gem.•,a gemmna

Glyzera
dlbrancni ata

C.iflrnrla
g(-uldi'

Grubla -cmpta

Hal I.nondr-a
bcwerrzanki

1 2 22-~ 1 I 2 35

1 1

2 1 1

2 3 1 1

1 3S 15 15 15 2 14 6

1 1 1 1 2

1I

1

1 1 2 15 2 7 5 5 3 7 5 11 15 2

1 1 1 2 2
1

1

1 15 1

1 *2 1
0'

0



S S

scl1 ' 'aria

Hý rrn;

Hy 1 (,:

zl.ýn bit I t. .,:

1 1:. r*Il

L .-7

1

1

I !

1

1



(Table DC. continued)

QUJA DR.; 17 1EA 14 B 15B 15: 1-A 17- 21D 22A 22A 223 2.,A 2 -- 2;_ D 23D
LOCATION L 2 L 1-S B CI B D B E B Dl B G B F T I-i L 4 FPR *L 12 T :!:-1 J B L CC

N.S.D. 4 5 - -0 -i - 4 -i5 7 - - 7-

Specieps
Lycns :a
tlvalir's

Maccma ;enza

Ma ron ysa
saný;i nea

Malancos s
elcrngata

Me2 -ranipcra
s:•.

Mer ~enaria
merzenar-.a

Me :-ridl un
sen-.ý

M.I:rella
lunata

Mc 14-1ll
mannattenS4>

Muli-n.a
lateraels

M,-l;s edul. -

2 2 1

. 2

2
1 1

2

1

3 1 *2 1 2

I

1

I 3 2 13 1 2 1 1 3 7

1! 1

i, 2 1 1 5 2

1 1 1 1

.5 C 1 5 .1

1 1 I I I

1 2
1

.5 K iL

I
09
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(Table D(. contlnuedý

"'ADR.A T • C Ii OA lVB 15B I1C 17A 17C 21D 22A 22A 22B 2,A 2 2D 2DD 23D
LC2ATI 7N L 2 L I-S B Cl B D B E B Dl B G B F T I-i L 4  FRC L 12 T III-I J B L 3 OCC

-.S.D. - - I -I -4 --12 7 5 7 5- 12 6

Sz-- L

c s le us

Nassaris
tr: "i a tus

Nassar -'us
vlbex

Ne'-myz is
americana

Necsancae
texana

Nepn•ys incisa

Ne re 4s
pe.agiza

Ne re is

suzcinea

Nereis virenz

Notomastus
latericeus

Nuzula prcx:7n

COx.-rcstyl-s
s5 t-

Nuzn:er cf ArPear--a s

i 2 1 5 5

1

5

11 1 2

1 1

5 4 1 1

1

1

11 5
2

.1 2 1 1 1 1

1

I

1 I 2 .2 3
1

2

1 2 2 3 LL 5 1

1. 1



(Table a. contInued)

QUADRATE 6c 11 13A 14B 15B 15C 17A 17C 21D 22A 22A 22B 23A 23D 23D 23D
LCCATION L 2 L 1-S B C1 B D B E B Dl B G B F T I-i L4 FRC L 12 T III-1 J B 3 . OCC
N.S.D. 5 5 4 3 5 8 10 11 4 14 7 5 7 5 12 6

Sze z es

Palaemcenetes
vu1;,aris

Pezt?."ara a
gculdlIi

Pe r.ra •a
taarella

Petricola
pn::tadifor-! 3

Pista cr-stata

Pista palmata
Pc llnices

d-ut.lizatus

Retý s a
canaliculata

Rh' tnrcpanopeu5
harrissi

Satela

Sacellar a
vu--ari-

Nu-.ber of Appearanzes

1 1 1 1 2 2

2 4 4 4 7 6 3 10 6 3 1 4 12 5

3.

1 1 1 2

1

1

1

1

1 2 1 2 2 3 2 3 . I 3

2 3

1

3

1 1 1

I

0



- 0

rrNf.-rT;.,
11 13A

L.2 LI-3 B C1
1 .4

1L - 1 52 1 5C
5 D BE B D1

I

BA G .B
BG' 11

2iD 2?A 22:... 2"
T 7_1 L -4 .• L 12

1'iC--
2 25: 2JD
J B L • :¢C

"1 12

5-.-' -e5

3c !erna lel-.IJ

St-enela-', b,.a

ii Ienelal

TeIllna awL117

T'cllna
ver 1lcr 1,r

ea

Turbon lla sp.
,'r- za in-. ny.
cinerea

yn I j d a
lI !n u la

I

1.

5
1

21

2

2

1

1
2
1

2

4

1 '5

1 2

1

I

1 2 2

1 5

2

1

2

1
2 2 2

2

10
11 1

5 12

1 1 2

1

1 2 2 2 1 1 1

I

1
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frequently appearing organi!.,ms are listed with their

observed density (number/meter 2 ) ranges and an average

density value in the Appendix, Table II.

The results of the quantitative data manipulation in

estimating the species diversity using the Margalef (1957)

formula and the Information Theory are given in Table X.
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Table X. Calculated spe(AeB diversity indices of
locations in B'.?rnegat Bay, New Jersey.

MMargalef IInformation
NO. STD.

LOCATION QUADRATE INDEX RANGE SAMPLES MEAN DEV.

Bouy C1

Bouy D1

Bouy E

Bouy F

Bouy G.

Lt. 1-So.

I-i

13B

15C

15B

17C

17A

21

21D

M
I

1.18-2.71
2.20-3.42

M 1 15.0-2.21
I 1.23-2.83

9 i .99 0.62
.. 89 0.51

14 1.72 0.26
2.23 0.80

10 1.41 0.78
2.28 0.56

M
I

m
I

N
M

I.

N
I

N
I

S

11-2 22B M
I

FRC

"-3

Lt. 2

III-i

0CC

111-2

J

22A

22A

8C

23A

2 3D

23D

23D

M
I

M
I

M
I

m
I

M
I

I

N
I

0.80-2.61
1.71-2.87

0.33-2.44
..0.71-2.50

. o05-2. 34
1.70-3.11

1.86-2.98
2.27-3.36

1.31-1.91
2.25-2.93

0.92-2.57
1.05-3.11

0.29-1.94
0.90-2.66

0.46-2.65
1.66-3.28

1.57-2.73
2.11-3.13

0.33-2.45
0.22-2.31

0.58-2.47
0.88-3.01

0.47-4.99
0.76-3.36

0.94-2.17
1.76-2.74

16 1.84 0.43
2.57 0.44

14 2.45 0.52
2.68 0.40

13 1.65 0.27
2.59 0.29

i 11

19 1.56
1.58

1.81 0.74
2.23 0.94

0.55
0.54

12 1.15
1.63

0.58
0.62

21 1.73 0.56
2.28 0.50

13 2.12 0.51
2.71 0.43

12 0.88 0.76
,1.13 •0.78

8 1. 3 0. 79
1.83 0.93

25 1.91 1.05
1.98 1.09

13 1.85
2.36

0.51
0.90
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BENTHIC INVE'RTEBRATES - DISCUSSION

I. Predominant Organisms

Tabulation of the 304 quantitative, benthic samples ob-

tained during the study showed that very few species appeared

at most of the sampling stations throughout the investigated

area. The probability of encountering a natural community

in which the component species are infradispersed (Slobodkil

1966) both intra- and interspecifically, is, most likely,

highly remote. Specific components of a community are more

commonly found to be distributed in a random or clumped

fashion (Slobodkin, 1966). The term "community" is used

here in the same sense described by Mills (1969),

a group of organisms occurring in a particular
environment, presumably interacting with each other
and with the environment, and separable by means of
ecological survey from other groups.

Based on the data obtained during the investigation, no

species was found to be uniformly distributed within the

portion of the Bay studied. Table XI presents the 10 most

frequently captured species. Of these 10, only 4 were taken

in 50;o or more of the samples. An amplified presentation of

distributional heterogeneity is presented in Tables IX and

X. Ordination of species appearance for total sampling

(qualitative and quantitative) is not presented since the

accuracy of the qualitative method used in this study is

questionable. The qualitative dredge net (p. 37) was not
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Table XI. Ten most commonly found benthic inverte rates taken
quantitatively.

SPECIES

Tellina agilis

Pectinaria gouldii

Cyathura polita

Mulinia lateralis

Glycera dibranchiata

Clymenella torquata

Maldanopsis elongata

Diopatra cuprea

Eupleura caudata

Nassarius obsoletus

NUMBER OF
QUANTITATIVE APEARANC. Z

217

187

169

152

147

APPE ARA-'NCE? PECZrCTAGE

71

61

55

50

48

100

100

84

65

58

32

32

27

21

19
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utilized dI'l '-veral sampling dates. its collecting

efficiency was not known. and field trials to determine

repeatability within the same area gave extremely varying

re sul ts.

The frequency of co-appearance among the 10 most common

species is presented in Table X11. Of the 4 5 possible com-

binations between any two spocies, the greatest observed

incidence of collecting a specific combination was a 45Y.

co-appearance between Tollina agilis and Pectinaria gouldii.

This value is only slightly above (+1.7%) a predicted,

independent occurrence of ooth. Actually, most of the

recorded co-appearances agree very well with predicted

occurrences. Associations among the species were calculated

with a X measure using Yates' correction. The results of

these calculations are presented in Table XIII.

Since there is only one degree of freedom, any value in

Table XIII. below 3.481 indicates an association that may be

due to chance alone (0.05 probability level).

Inspection of Table XIII. shows that there are only six

associations that are significant at the 0.05 probability

level or greater, indicating that some factor(s) is(are)

operating other than random variation. From the physical-

chemical viewpoint the significant associations would imply

that the species in question are either compatible or incom-

patible under the existing environmental conditions.

Obviously, those organisms which have a greater overlap

among their tolerance limits might be expected to co-occur
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Table XII. Frequency of co-appearance among the ten most common benthic inverte-
brates. Values below the dividing line are the number or co-arpears.:es
based on a total of 304 samples; values above the line are the respective
percentages.

oa -

C:3. C

+) 10 .-4 4.
CS0 C) r-4m

Clymenella 2-. 3.5 1b.6 5.7 21.3 12.b 16.7 2.3 22.9 25.8

Cyathura 72 16.1 9.2 32.7 20.1 27.0 8.0 39.1 40.2

Diopatra 51 49 34 1. 44 1. . 89 2.

Eupleura 17 28 10 7.5 5.7 11.4 4.6 14.9 15.5

Gyc1ra 65 100 56 23 .7 .7 3.1

Tealdanopi3 38 61 44 17 75 122 19 2

Mulirija 51 82 44 35 79. 54 6#9 34.5 4--X2

NassarMu 7 24 3 14 21 '9 .21 .0 6.3

Pectinaria j70 119 56 45 100 70 105 24 45.4

Tellina 79 122 65 47 119 59 122 19 1



Table XIII. Computed numerical associations among the ten most common benthic
invertebrates in Barnegat Bay, New Jersey. Values obtained by X2

calculation using Yates' correction. Numerically significant values
(0.05 probability level or greater) appear above the diagonal line.

Cln la •% + . .
W 0 0 9 :g

E +lJ 0 si0 -4 ,4-0 ..P- >-j -4 Li a a)

T000 26 0 a E--

Clymnene )la +,0

Cyathura 2.128

Diopatra 9 . 584 .0.002 ý0-0)

Eupleura 0.104 0.637 1.007

Glycera 2.615 1.797. 2.644 0.835 +-0

Maldanopsis 0.290 0.156 4.356 0.104 7.622

Mulinia 0.009 0.005 0.000 0.013 0.095 0.079 +0.03

Nassarius 3.123 0.627 4.092. 0.000 0.539 2.140 0.742 02

Pectinaria 0.445 o.906 0.209 0.222 0.365 0.445 4.491 1.381

Tellina 0.281 0.000 0.094 0.005 0.851 0.778 0.790 5.640 0.040

'0
C)
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more frequently than entities requiring different environ-

mental parameters. Biologically, those forms which are able

to partition the environment and thereby reduce competition

between themselves would be expected to co-occur more than

severely competing species. Four of these groupings are

positive. The two negative associations involve Nassarlus

obsoletug. One is with Diopatra cupreal the other is with

Tellina arilis.

N. obsoletus is a deposit feeding grazer, commonly

associated with mud/sand flats. In this study the snail was

most commonly found in the silty substrates of the creeks

and rivers albng the western margin of the Bay, Within.

9 these regions the snail achieved its greatest densities

(Fig. 11) and frequently was the only organism recorded in

the very fine sediments. The high levels of organic

materials found in the finer substrates (Table III.) are

probably influential in maintaining large populations of

Nassarius. The paucity of other invertebrates within the

creek mouths might be due to the reducing sedimentary con-

ditions associated with the accumulation of decaying

material. Possession of a highly flexible siphon is a

morphological adaptation which permits Nassarius to exist

within reducing substrates while maintaining communication

with the overlying water. Another possibility that might

help explain the absence of other forms In the creeks is the

suitability of the subatrate for the metamorphosing larvae.

Possibly, the quality of the substrate in these low current



Figure 11. Observed densities (ordinate) among majorInfaunal invertebrates in relation to thepprcentage silt-clay (abscissa) composition
of the substrate.
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areas prevents establishment of larval sets of many other

common invertebrates. Even if larval settlement is success-

ful, continuance might be prevented by ingtistion of the

newly metamorphosed individuals by the dense congregations

.of Nasuarlus (Scheltema, 1961).

The onuphid. Diopatra, has reportedly been dredged on

all types of bottom (Pettibone, 1963). However, this I

polychaete was recorded only once from the very fine sub-

strates of the creeks and their immediate mouths. Being

carnivorous (Pettibone, 1963), the worms might not be presert

in the same areas as Nassarius due to lack of sufficient

food. Diopatra appears more commonly (Tables VIII. and IX.)

in regions having greater biological diversity. This could

be a function of greater availability of food.

The distribution of Tellina in this study agrees with

published data. "Fine or muddy sand" is the description of

the Systematics-Ecology Program at Woods Hole (Smith, 1964).

Lee (1944), in the first quantitative survey on the Western

Atlantic coast, lists a Tellina tenera (-agilis, Abbott,

1954) community from "pure, yellow sand." Of the four

Tellina communities listed in Thorson (1957), all are

variants of "fine" or "pure" sand. Ansell and Trevallion

(1967) list Tellina tenuis (daCosta) as inhabiting fine

sand, This species is not comparable in habitat with T.

agilis. However, T. fabula's distribution is similar to

T. agilis (Ansell, personal communication) and it (T.

fabula) is a fine sand species also. Based on these
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distributional descriptions, the negative association found

between _snfsvriux and Tellina is not surprising. Tellinna

did occassionally appear in the Nasparius areas, but the

clam's densities were always very low (Figure i1.) in these

.areas.

The positive associations, recorded among the most

common infaunag involved primarily those forms taken between-

27-50% of the stations sampled (Table XI), with the excep-

tion of Pectinaria (61%). On a bay-wide scale, 50%

appearance (actually, the capture) of an orj-.anism may not

be particularly Impressivel however, when the appearance and

co-appearances are ordinated, an interesting pattern begins

to emerge.

Both of the most significant (numerical) associations,

Clymenella-Diopatra and Glycera-Maldanopsis, occur much more

frequently within the "muddy" sections of the Bay. The

slightly less significant (Table XIII) Diopatra-Maldanopsis

association also occurs more frequently in mud substrates.

The Mulinia-Pectinaria grouping appears on a much wider

range of substrates, i.e., this co-appearance extends

significantly into the sandy portions as well as within the

muddy areas.

Qualitative description of a parameter is generally

ambiguous since the aspects of a quality are relative. For

brevity, however, Barnegat Bay can be described as a soft-

bottomed lagoon. No solid substrates (viz. "rocks") were

encountered during the study. A couple of presumed oyster
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reefs or beds were located, but these have been covered by

sedimentation. The soft bottom varies from "sandy" to

"muddy." Particle size analysis is presented in the appen.

dix.

Distribution of the major invertebrates follows the

sediment type rather well. Table IX has been divided into

"sandy" and "muddy" areas. This division and the most

commonly encountered animals are presented in Table XIV. In

addition to the counts obtained at the station proper, the

data from adjacent positions are included within the

results. These additions represent samples that were taken

at varying distances removed from the station position but

still within the general station area.

Initial splitting of sand vs. mud substrates was

empirically conducted. Other than generalized locations

(western side of Bay), the muddy substrates can be described

as having greater amounts of interstitial water and being

darker (dark brown to black) in color than the sands.

The sixteen major stations in Table XIV are equally

divided between the two gross substrate types. Sandy areas

contain 15/o or less of the silt-clay fraction, while the

muds have a minimum of 20O silt-clay (Appendix, Table I).

Only the quantitatively more common organisms have been

used in this comparison of bottom types. All animal

occurrences represent at least a 50. encounter, i.e., the

species listed were found at least 501o of the times the

station was sampled. Most of the benthic forms listed had



Table XIV. Comparison of sand and mud stations and associated itfauna.

•SAND
LiLight B:Bouv
QUADRATE 8C 11 15P 17A 17C 22A 23D 23D
LOCATICN L 2 Li-S I D B G B F L 4 B J L 3

NO. SA v P ES 13 11 L- .- 16 19 21 13 25

Ampelisca
macroc3phala + +

Crangon
septemspinosus + +

Cyathura polita + + +

Ensis directus +
Glycera dibranchiata + + -

Eupleura caudata +
Idotea baltica +

Mitrella lunata +

Mulinia lateralis + + + + +

Neopanope texana +
Pectinaria gouldii + + + + +

Scoloplos armiger +

Solemya velum +

Tellina agllis + + + + + + + +

00CO



(Table XIV. continued)

MUD
FRC:Forked River Channel OCC. yster Creek Channel

QUADRATE 13A 14B 15B 21D 22A 223 23A 2-D
LOCATION B Cl B D B E L I-N FRC 11-2 II-I 0CC

NO. S.ANID. 9 7 10 13 12 11 12 8

Cirratulus grandis +

Clymenella torquata + + +

Cyathura polita + + + + + +

Diopatra cuprea + +

Eupleura caudata .

Glycera dibranchiata + + + +

YaldanopsIs elongata + + +

Mulinia lateralis + + +

Nassarius obsoletus + + +

Pectinaria gouldii + + + +
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75-80% encounters. Lower encounters represent stations not

sampled very heavily.

A condensation of the animals associated with the

different bottom types appears in Table XV. Here the most

common species are listed according to their respective

frequencies of appearance. Certain species which are

included in Table XIV are not listed in Table XV because

these were not well represented in several quadrates.

Therefore, each species listed in Table XV was quite common

in at least two quadrates (sand environment) or three quad-

rates (mud environment).

Inspection of Table XV shows that only one species is

common to all sandy quadrates. This is the lamellibranch,

Tellina agilis. In addition to appearing in all sand

quadrates, this small clam always has the greatest frequency

of appearance. Among the muddy quadrates. Tellina never

appears more than 50% of the examinations. Frequently,

Tellina is recorded from only one quarter of the quantita-

tive samples or less. At Light 1 North (quadrate 21D)

Tellina was captured only once by quantitative means.

Tellina is the most characteristic infaunal organism

for the sandy portions of the study area. Numerically, the

small clam was relatively abundant with a grand average

density of 86 individuals/m2 in the sandy locations. The

greatest recorded average density was 204/m 2 taken at BuyFi

Bouy D,.had an average density of 40 animals/m2 . Some indi-

cation of the overall variability of counts may be seen from



Table XV. ioct ccw.-..onry associated infaunal invert.bra-e•ý,.s within the t',vo principle
substrate types.

AIM;-AL FP3QUECY Or APEARACCE

Tellina ajlis
Y'ulinia lae -a Ii s

Pectinria -culdii
Cyathura p.li2ita
Glycera dibranchiata

Cyathura polita
Pectinari>. Couldii
Glycera dibranchiata
Clyr.enella tor-uata.
Maldanopri5 elonlata
Niu !ini a latcralis
Nassarius obsolý?tus

Qua•_i. 8c 11 1 17.I 17c 22 2 . 2-.10/i3 lci ll I'/" "• 16-/156 j9• 1921 2/2 •'

8/13 * 13/16. .14/19 17/21 17/25 *
9/13 * 1i/i6 16/21 21/25 9/! 3

S* .* 12/16 * 14/21 * 9/13
* * 12/14 '* * 12/21 * *

1 3

8/9
8/9
6,197/9
6/9

14B
7/7
6/7
6/7

1
7

10

?/io *

-' 10/13
* 8/13
'/10 *
* 7/13
* *9/13

• •

22 A
9/12

I O/1 2
8/12
9/12

12/12

223
7711

iiI

23A

7/12

6/12
12/12

23D6/ Z
7/8

7/8

*Species did not appear at least
+N•?ý*.ber of timnos recorded//number
1 Light 3; 111-
2 Bouy J

50Cr of the time.
of samples
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the scatter of points in Figure 11. W

Both the lamellibranch Mulinia lateralis and the

polychaete Pectinaria gouldii appeared regularly within five

of the sandy quadrates (Table XV). The Isopod Cyathura

polita was taken less frequently in only three quadrates.

These three species occur frequently enough within the muddy

quadrates so that they are included among the most commonly

encountered forms there also. Based on these distributional

data, it might be advisable to use only Tellina azilis as an

indicator species for sand substrates, at least in this

study.

Pectinaria gouldii is widely distributed within the

sampling area. This worm appears more than 50% of the time

in five sandy and five muddy quadrates (Table XV). With

such an apparently wide distribution, Pectinaria would be a

poor choice as a substrate-type indicator. The observed

densities recorded from the 10 quadrates reveal a greater

density of worms in the muddy than in the sandy regions

(-107/m 2 vs. 67/mi2 respectively). However, there is no

significant difference between the two values due to the

wide variability among density counts at stations (Fig. 1i).

When all of the density values are utilized (i.e., all 16

quadrates/stations in Tables XIV and XV) there is signifi-

,cant overlap between the two substrate types-126 animals/

.m2 in mud and 88 animals/m2 in sand. Since this polychaete

is widely distributed throughout the sampling area, it

would seem logical to suggest its being used as an indicator
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organism to monitor pollution. Because the animal appar-

ently can exist within a range of sediment types, it could

serve as an index of environmental change other than

sediment change (possibly caused by scouring or altered

sedimentation patterns).

The wide-spread-distribution of Pectinarla found in

this study is in agreement with Stickney and Stringer

(1957). The greatest concentrations were found in sediments

intermediate in their silt-clay/sand composition. Sanders

(1956) has discussed the distributional pattern of

Pectinaria (Cistenoides sic ) and the significance of the

substrate composition to it.

Since Pectinaria is a deposit feeder, one parameter

that might be useful in determining its distribution is the

amount of organic matter present in the substrate.

Table XVI shows that this is not true, at least from the

data obtained in this study. The densities of animals are

so variable, within specific bottom types as well as between

substrates, that the correlation coefficient (r) derived is

only 0.27. Perhaps it is not the quantity of organic

material that determines a particular species' spatial

distribution. Local variations in organic constituents and

the relative availability of these to the organism may exert

more influence on the animal's positioning than the amount

of organic material per se. Sanders (1960)# based on some

preliminary data, suggested that qualitative organic differ-

ences between different levels of substrate might assist in
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Tablu XVI. Relationship bptween Pectinarla distribution
and amount of organic matter within substrate.'

S

Mud Sta,

11-2
IIT-I

OCC
I-1

Bouy CI
FRC

Bouy E
Bouy D

* No, /M 2

8.02
7.45
7.06
5.24
I. 98
4.15
4.13
3.83

12
4io
128

92
16

279
52
22

Sand Sta,

Lt. 2
Bouy DI

11-3
Bouy J
Bouy F
Bouy G
111-2

Lt. 1-So.

* No ,/M2

3.73
3.54
3.25
3.11
2.63
2.57
2.56
2.52

7
328

97
58
33
11

165
10

R m126 R- 88

MJajor Stations Only

Positio!]

Bouy C1
Bouy D

I-1
FRC
OCC

pensity

16
22
92

279
129

Position

111-2
"-3

Bouy J
Bouy G
Lt. 2

Density

165
97
58
11

7

S- 107/m2 x- 67/m 2

y - y + b(x-R) y , 107.50 + 19.13(x-4.29)
- 25.43 +, 19.13x

r = 0.27

*Percentage Organic Matter

0
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explaining deposit-feeders' distribution. Unfortunately,

there have been no followup articles to this interesting

hypothesis, so this aspect of benthic ecology remains to be

researched.

The dwarf mactrid Mulinia lateralis is characterized as

inhabiting muddy or clayey substrates in shallow water,

occasionally being found in surf-stirred sand (Smith, 1964).

Sanders (1956) found Mulinia widely distributed within Long

Island Sound. From his data the greatest concentration

occurred at an area with about 25% silt-clay (Station 5,

2/18/54). The greatest concentration (actually biomass) was

found at silt-clay values ranging from 20-401o. If Mulinia

was present in the first Buzzards Bay study (Sanders, "1958),

it must have accounted for loss than 1% of the population

since it was not listed. Twelve individuals were recorded

from the H station during 1956 and 1957 (Sanders, 1960).

These represented 0.08% of the fauna by number. Sanders

et. al. (1962) and Hanks (1964) do not include Mulinla among

their species lists. In the Mississippi Delta region,

blulinia has been found chiefly in silty sand, sandy silt,

and clayey silt (Parker, 1956). Jackson (1968) reported a

substantial population (108 individuals/m2 ) within an

intertidal mudflat in Connecticut, but provided no quantifi-

cation for the "mudflats" sedimentary composition. This

location is interpreted as being toward the mud end of the

sediment spectrum since Jackson includes a statement con-

cerning Mulinia's ability to exist in areas of high silt-
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clay (:nlicontratlon.

AIthouuh this mactrid appears to be mfure widerpread in

the sandy (fivo quadr~tda) aroane it in numoriollly grbater

in the muddy stations (three quadrates appearance). Average

values for the two substrate types are 74/m 2 (mud) and

41/m 2 (sand). Typically, muddy bottoms are associated with

reduced current velocities and such conditions characteris-

tically do not support suspension feeders to the same deGree

as do sandy areas. Perhaps the existing currents can move

some of the surface detrital material into suspension, and

the suspension feeder (Oulinii in this case) can utilize

this food source. According to Hayes (1964) and Sanders

(1960), the uppermost layer in very muddy areas is a semi-

fluid, flocculent layer. Prior to consolidation such

material would be put into suspension by relatively low

velocity currents.

Cathura polita is the most widespread of the infaunal

species within muddy a,,.as (six of eight quadrates repre-

sented). This isopod also appeared within three of the

sandy quadrates at least two-thirds of the times sampled

(Table XV), so this is a widely distributed form. Harger

(1878) described the distribution of Cyathura as ".

usually found in eelGrass or mud In shallow waters." The

only verification materials found from Harrer's work were a

few slides labeled "from mud" (Miller & Durbanck, 1961).

Within this same work, Miller and Burbanck (1961) indicate

thett Qyathura can generally be found in areas of demarcation
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W between p-,irtina and Typ,.-l .'hich are characterized as sandy

subetrates. being matted with roots.

Burbanck, in his rather extensive work dealing with the

isopod, describes the substrate associated with Cyathura

populations as followst

mucky clay in Wading River (tributary of Mullica
River), N. J. (1959)

substrate contains much or little sand with an admix-
ture of vegetable debris (1959)

most are found around shell (boat) ramps in Ashepoo
River, South Carolina (1961)

much or little sand . . stable substrate . . . sandy
mud which contains enough natural coarse material to
become firm (1962)

Examination of the above substrate descriptions reveals

a consistent pattern concerning the stability of the

sediments. Even though the qualitative aspects vary among

the described sites, they could all be identified as being

relatively stable. Since Cyathura is a burrowing (horizontal

more than vertical) form, the stability of the substrate

probably is an important aspect of this animal's biology.

Sandier areas are associated with increased current

velocities, and these might effectively carry away the

isopods. If the animals were not directly eliminated, the

continued scouring action might prevent all but short-term

colonization of an area. Another aspect which might be

operable in preventing Cyathura's inhabiting of sandier

areas is the reduced amount of organic matter. Again, the

S greater currents associated with sand areas do not permit

settling of the finer detrital particles. This,
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theoretically, could stresU any Cyathura present since they

appear to be detritus-algae feeders (Burbanck, 1959).

However, within this study the data do not warrant such a

conclusion. While those sandy quadrates at which Cyathura

appears do have lower organic matter content (Table I11)

than the muddy stations, there is no significant difference

in the grand averages of Cyathura densities (mud,24

organisms/m 2 vs. sand,27/m2 ). Such values are far lower

than those described by Burbanck (1959) in New England with

averages of about 1000/M 2 increasing to 4000/m 2 during

breeding. These results are even considerably lower than

Spooner and Moore's (1940) findings in the Tamar Estuary.

The low values recorded within this study are consistent

among the various regions. Based on this, the likelihood of 0
sampling error throughout the study should be reduced.

The third most widespread animal in the muddy quadrates

is the bloodworm, Glycera dibranchiata. This polychaete

also appears in the sandy quadrates, but it is not as

spatially widespread in the sand. In their study of the

bloodworm, Klawe and Dickie (1957) noted increasing densi-

ties of the worm with increasing softness of the substrate,

The data of Stickney and Stringer (1957) are in direct

contrast with this. In the Greenwich Bay study the greatest

densities of Glycera occur in sand bottom stations (Nos.

8-12). Klawe and Dickie noted an absence of the polychaete

in the finest substrate (no quantification). This is

perhaps corroborated by Stickney and Stringer's findings
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since the silt, sandy-silt stations harbor the lowest

densities of Glycera. Onu aspect of the Greenwich Bay study

which may have greatly influenced tho distribution patterns

was the presence of sewage and industrial wastes which

entered at the western end of the Bay. The presence of

these materials probably exerted some influence on the

ability of different animals to live in the wastes region.

Stickney and Stringer (1957) suggested that the high levels

of organic content of the substrate in the western portions

of the Bay might be due to the above effluents.

In Long Island Sound (Sanders, 1956), Glycera was most

dense (23/mr2 ) in an area quantified as 89% fine sand. At

another sandy area (72% sands) there were eight animals/m2

recovered.

Sanders (1962) has found G. dibranchiata in concentra-

tions• of 20 and 11 animals/m2 in areas with median grain

diameters of 130# and 160o, (fine sand-Wentworth, 1922)

respectively on the flats of Barnstable Harbor. G. ameri-

cana. a closely related species, was found in the Ampelisca

app. community (less than 35-45% silt-clay) in Duzzard's Bay

(Sanders, 1958).

The polychaete is widely distributed within Barnegat

Bay; it has been recorded quantitatively from all major

quadrates. Bouy J is the only location from which Glycera

was not recorded. This is probably a sampling error since

it has been recorded from stations surrounding Bouy J.

In agreement with Klawe and Dickie, and in contrast to
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3tIc.kney and Stringer' a Ulitii rifg, the larger" concentra'tions

of GI. y •Ct? w e roaiioc I a Lto, 'w I Lh the f1 lmer soii *l in +lnoLti in th ia

study ( FI&. 11). Thu111, at the unndl-r p)l toiono at which

(;G.yc cv. Lat1)peara at least 5OA of the time, the avera-ae

dene Ity In only 10/m 2 . in the muddior arean wi LIiternio.e( -

ate [,ilt-clay fractionn, the. avera(ge denrilty waru 19/rn2 , and

in the areas with a relatively large amount of' ilt-clay,

thn average droppeed to 4/mn2,

The reduced donnritieu in the latter category may be a

reflection of increased anaorobic conditions. The fInent

(grain diameters) sediments are generally associated with

reduced current velocities, jo any organic matter introduced

mitht remain and decompose adding to the B.O.D. of the area.

Under reduced condlitions, a relatively active form such as

Glycera might not be able to continue metabolic activities

for long periods of time. However, the importance and scope

of anaerobic respiration and energy utilization during low

P0 2 are largely unknown (Hoffman and Mangum, 1970). Since

these worms appear to be primarily burrowers rather than

swimmers (Pettibone, 1963), the oxygen availability within

the substrate might be an important factor in their distribu

tional pattern. Apparently Glycera dibranchiata does not

frequently crawl on the substrate or swim long distances

(Klawe and Dickie, 1957). Continuance within the substrate

would then depend, at least partially, on sufficient levels

of dissolved oxygen. As long as the animal can maintain

communication with the overlying water, it can probably



101

continue normal metabolic a:;tivities since the worm venti-

lates its burrow and thereb-, offsets the reducing effActs of

the substrate. This may partially explain the greater

observed densities of worms in sediments of intermediate

silt-clay composition. With some measure of the finer

sediment particles present, construction and maintenance of

a burrow would probably be easier than in coarser substrates.

Periodic or irre, .ular disruption. of the waterflow should not

be deleterious to Glycera since the coelomic cell hemoglobin

may maintain adequate oxygen levels for almost two hours

after ventilation ceases (}offman and Mangum, 1970). in the

sain study Hoffman and Mangum. demonstrated that G. dibran-

chiata can withstand 42 hours exposure to reduced oxygen

*levels (0.14 ml 02/1!). During such sustained exposures the

metabolic rate probably decreases to comparable or lower

rates as those measured during observed ventilation activity.

This represents a 90/U decrease in oxygen consumption (1 3 3 ,l

02 /hr. vs. 14,l 02 /hr. ventilation vs. pause, Hoffman and

Mangum, 1970). Even though the animal is capable of strong,

rapid muscular movements, the worm does not readily invade

new areas (Pettibone, 1963).

Glycera has been described as a detritus feeder

.(Pettibone, 1963) and, probably. mc-e accurately, an omnivore

(Sanders et. al., 1962.t Phillips, 1967). The amount of

organic material in the substrate, in conjunction with other

environmental parameters, should Influence the density of

animals. Sand grains have less available surface area for
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binding materials than do ilt-clay sized particles. so

sandy areas may be predicted to harbor fewer glycerids than

muddy areas. In areas of greater silt-clay levels there

would be greater surface area available for binding organic

materials so the number of animals that could be maintined

would be greater.

Physical aspects of the substrate per se could exert

some influence on distribution of infaunal forms such as

Glycera. Sanders et. al. (1962) have demonstrated that the

stability of sand will also greatly influence the distribu-

tion of Glycera (and other deposit feeders). Unconsolidated

mud should be easier to move through than sand because of

the higher levels of interstitial water present in mud. Mud

would probably be less abrasive on the animal than a sand

medium too. Within the more plastic mud substrate a burrow-

ing organism such as Glycera probably would not have to

produce as much lubricating mucous for passage through the

sediment. If Sanders et. al. (1962) hypothesis that Glycera

does not feed in the Bummer (based on Klawe and Dickie'B

report that the worm doesn't grow during this period) is

correct, then those animals residing in a muddy area could

conserve energy expenditure better while moving through mud

than could an animal working through the more compacted sand.

The two remaining organisms that were captured regu-

larly in the muddy areas were Clymenellr torquata and

Maldanopsis elongata, both members of the Family Maldanidae.

Both worms construct mucoid tubes to which are attached
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sediment particles. Clymen--lla uses fine sand particles

(Lee, 1944 1 Sanders et. al., 1962) in covering its tube,

while MaldanopslB' tube is constructed more of silt

materials (Phillips, unpublished data). The polychaetes

appear together atall of the major sampling stations

(Table XVII) even though neither appeared more than 507o of

the time in sandy areas (Table XV). Table XVII shows that

greater densities of these two forms are routinely associ-

ated with finer substrates. The lowest densities are found

in the sandy areas-Bouys F and G. and Light 1-South. Lack

of suitable sediment for tube construction might be operable

in the low densities of Maldanopsis seen in the sandy areas,

but this factor would not be likely for Clymenella in the

same locations. Some other factor(s) is(are) probably

operating in maintaining smaller populations of the

maldanids within sand substrates. Perhaps the currents

associated with these particular sandy areas effectively

flush most newly entering or settling young worms from the

area.

Based on the distribution of the invertebrates found in

,the sampling region of Barnegat Bay, it would be somewhat

presumptuous to characterize the Bay by one organism or a

pair of organisms as is the more common practice (Sanders,

1956, 19581 Thorson, 1957; and others). There would appear

to be at least two broadly definable communities-a sand

bottonm situation and a softer (mud) bottom community. The

generalized pattern of the substrate distribution has already



Table XVII. Comparison of Clymenella and !,lald•Iansis densities at selected
positions.

PER CEN TTAGE
SILT-CLAYPOSITIC N C LY * N:L LEA. No. ./m- M.'.A L m-AX S- 1

No./

Bouy C1

Bouy D

Bouy D1

Bouy E

Bouy F

Bouy C

19.)

30.5

11.8

20.0

15.4

12.0

54.5

52.7

47

135

47

127

16

9

51

61

51

104

6

15

431-1

FRC

11-3

16 62

708.4

7.0Lt. 1-So. 22 4

I-

0 0
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been described in the sediment section of this paper

(pp. 23-26).

Tellina apilis is the only animal that truly character-

ized the sand bottom areas. The remaining animals, even

though they routinely appear in sand, are also common in the

muddy areas.

For the mud substrate, one faces a more difficult

choice for (a) characterizing species. No species is found

at all locations; those forms which are most widespread in

the softer bottom (Cyathura and Pectinaria) are also found

in the sand environments. The animals that are unique to

the muds (Clymenella, Maldanopsils, and Nassarius) do not

appear widely enough to warrant their being classified as

indicator organisms. A compromise characterization could be

attempted; specifically, a coappearance of Cyathura and

Pectinaria coupled with a reduced number of Tellina would

generally indicate a mud substrate. It may be equally as

valid, based on the data available, to state that the mud

areas do not have a recurrent characterizing faunal

composite of only two species. Rather, there are assem-

blages found in the muddy sectors with greater species

numbers.

Comparing the results of t6his study with similar

studies (Table XVIII) indicates that the recorded numbers of

species are comparable among the different areas. All of

the comparisons are situated in the northern section of the

Virginian Province, all of the studies are sublittoral and



Table XVIII. Comparison of Barnegat Bay (New Jersey) invertebrates
with other Virginian Province studies.

B arne g at Long Island Buzzards Menemsha Greenwi-h Sheepscot~
Barnegat

SITE Bay(NJ)

BOTTOM TYPE mixed

SCREEN SIZE 1.5mm

NO. SPECIES FOUND 110

NO. SPECIES COMNMON
IN BARNEGAT BAY AND...

Long Island Buzzards Menemsha
Sound(NY) 1  Bay(Mlass) 2 Bight(M,,ass) 3

mixed mixed sands

1.0mm 0.5mm 1.8mm

135 68* 40

Greenwich Shee!oscot _
Bay(RI)• River (YMe)5

mixed soft mud

2.Omm 1.5mm

.114 108

51 25 15 57 12

1 Sanders, 1956

2 Sanders, 1958

3 Lee, 1944

4 Stickney & Stringer, 1957

5 Hanks, 1964

* only species constituting more than 1% of
the population were included in the paper.

01

0
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all are quantitative in deslti.n. Wells' (1961) paper is not

included because it was not quantitative and it is from the

Carolinian Province.

Of the studies sited (Table XVIII). the two most

similar (number of species) to Barnegat Bay are Long Island

Sound and Greenwich Bay. These are both mixed bottom envir-

onments so it is likely that more niches exist than would be

found in a single bottom type. Annelids, arthropods and

molluscs predominate in the common speciation among the

three bays. Greenwich Bay and Long Island Sound each had 49

species among the three above taxa which appeared in BarneT

gat Bay.

II. Species Diversity

This is a concept that is unique to the description of

communities in ecological investigations. Essentially, the

parameter of diversity indicates how "rich" or "poor" a

region's fauna and/or flora components may be. The numeri-

cal diversity value of one sample or area may be compared

directly with another situation (assuming collecting tech-

niques are comparable) to determine relative similarities or

dissimilarities.

On large scale generalities, it has been noted that

tropical regions maintain a more diverse biotic component

than do arctic areas (Odum & Odum, 1959). Sanders (1968)

mentions that marine habitats normally demonstrate greater

diversity than estuarine (brackish) situations. Provided

the scale of an invostigation is large enough, differences
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between widely separated points may be of sufficient magni-

tude so that simple inspection shows obvious differences.

It is within narrower range studies that the idea of species

diversity can be used more fruitfully.

The principle components of diversity are the number of

species within the study area and the number of individuals.

The relationship between these two parameters will determine

the richness or evenness of a region. Two sites with the

same numbers of species and the same total numbers of indiv-

iduals can have different diversity indices. When the

individuals are equally spread among the species the diver-

sity will~ be lower than in a situation where there is

unequal distribution of individuals. The latter condition

is the more diverse of the two examples.

Figures 9 and 10 present graphical presentation of the

comparative richness of the different areas within the Bay.

The two most diverse stations are Lights 3 and 4, located at

the entrances of Oyster Creek and Forked River respectively.

These were also the most frequently sampled sites. The

lowest number of species was found at Transect I11-1 located

inside Oyster Creek. Distribution of individuals among the

areas was such that the actual calculation of diversity

resulted in significant overlap of diversity indices among

the stations. Many organisms that appeared a small number

of times were in very low densities, so their overall contri-

bution was practically insignificant. Conversely, many of

those organisms that appeared routinely were in considerably
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greater densities so this umaller number of species consti-

tuted the bulk of the numeeical diversity calculations.

Figure 12 presents a graphical comparison of the two

techniques used in computing the species diversity indices

in this study. These data are the same as in Table X.

Based on these data, there were no statistically significant

differences among the various areas repeatedly sampled

within the Bay. There was considerable overlap among the

calculated values between the two methods as well as within

the same method. The Information Theory, however, had

consistently greater values. The computed grand mean feo

the Shannon-Weaver method (information) was 2.20 ± 0.49

(std. dev.), while Margalef's index was 1.70 t 0.38, an

average difference of 0.50 between the two methods.

According to the recorded values, the different loca-

tions in Barnegat Bay are quantitatively, equally diverse

(or non-diverse) over the time span studied. This finding,

in conjunction with the noticeable range of values found at

most areas, relegates the parameter of species diversity to

an academic moot point within this investigation. It may be

argued that the data collected will be available for future

surveys and this will then permit meaningful comparisons.

Within the framework of this study, however, the quantified

results generated by the two diversity techniques indicate

no differences for comparisons to be made.

It is important at this point to realize that differ-

ences do exist within the infaunal assemblages of Barnegat



Figure 12. Comparison of observed ranges and means between
the Information Theory (Shannon-Weaver) and
Margalef divers3ty Indicies. These data appear
in Table X. The middle dot on each line repre-
sents the mean value, the terminal dots are the
observed ranges, and the cross bars represent
the calculated standard deviations.

Margalef Index t .

Information Theory j *----
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Bay even though these are not demonstrable by the diversity

indicies. Qualitative differences can be seen in Tables

VIII and IX; quantitative differences among the major

organisms are presented in the Appendix. Table II.

Again, the comparative richness of the sampled sites is

indicated by Figures 9 and 10. Continued sampling of the

major sites will permit monitoring of faunistic composition.

Changes within the communities' components should be observ-

able in the shifts of richness and/or evenness brought about

by pollution. Precise prediction of species' shifts (assum-

ing changes occur) would be difficult, but the general

pattern might be simplificationt some species might be

eradicated (reducing richness), while others increase in

numbers of individuals if the new environmental conditions

are favorable.

III. Spatial Distribution

This particular parameter'is a reflection of the homo-

geneity or heterogeneity of chemical-physical factors within

a study area, as well as the various biological interac-

tions.

Temperature variation is certainly a parameter to be

considered in distributional studiest but in the rather

limited area of this study, temperature probably can be dis-

regarded as a major local factor. The bay system demon-

strates the normal pattern of seasonal warming/cooling seen

in temperate latitudes in which this investigation took

place. Very similar temperatures were found among several
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stations throughout the Pay during any daily cruise. Such

findings might be explained if the investigators had re-

mained with one water mass throughout the day. Due to the

randomized sampling pattern, the probability of remaining

with the same water mass is greatly reduced. Table XIX

presents randomly selected data on temperatures at different

sites on the same day. As may be seen, there are no great

differences among the various locations. Complete hydro-

graphic data are included in Loveland and Moul (1966,

Table V)1 Phillips (1967-Appendix, Table III)l Mo ul, et.

al. (1968, Table Vii); Loveland, et. al. (1969, Fig. H -4).

Those organisms dominating within the community are

probably eurythermal. Rapid, short-term changes might be

deleterious, but the seasonal shifts are regularly occurring

events and so would be expected to be within the tolerance

limits of the common forms. Drastic diurnal changes were

never noted in the temperature regimes. The possibility of

micro-environmental differences is not being denied, but on

the scale of this investigation it seems that micro levels

would have to be maintained for extended periods to play a

directing, distributional role. The evidence indicates that

even though certain regions (primarily around the inlet

area) tend to be more conservative in thermal (and salinity)

regime than other regions, this is not directly governing

distribution of the major invertebrates in this study. Any

gross meteoroloGical change should affect large portions of

the bay system so point-to-point variation would be unlikely



Table XIX. Randomly selected temperaturs from Barnegat Bay.

Date

7-28-65

8-17-65

5-27-66

Position

23B

1

8C

23A

16D

8c
22A

17A

19

24A

TemDerature (0 C)

23.6

24.2

23.0

25.8

25.2

25.7

25.2

19.0

20.4

20.3

20.8

Date

11-16-66

12-17-66

3-11-67

Position

233

16c

15B

22A

16c

23D

15C

1

22A

24A

Temprerature (0--)

10.7

9.3

10.1

10.1

5.2

4.5

4.2

5.1

4.9
4.5
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Temperature classically has been used in large scale distri-

butional studies (Hutchinu, 19471 Ekman, 1953).

Within the test area, the salinity of the water varies.

This variability is a function of the tidal stage, position

within the Bay, and meteorological conditions. Average

bottom salinities vary between about 23,f/and 29X, while the

rangs are between 18/0o and 30.5Vo. Since the salinity

regime at any point within the area investigated is variable,

and since there is considerable overlap in the salinity

among different stations, it is probable that salinity is

not a major directing parameter in the distribution of many

of the benthic invertebrates in this atudy. Through the

course of evolution, estuarine forms have become physiolo-

gically adapted to the variation experienced in certain

environmental parameters. As a result of these adaptations,

many estuarine forms are euryhaline.

Salinity and temperature do exert important roles in

the distribution of organisms. Jones (1950) lists these two

parameters as prime factors in determining distributiont

however, their influence is best demonstrated where signifi-

cant gradients exist. In situations involving minor

oscillations about some mean value, the likelihood of demon-

strating direct effects on organismal distributions within

localized areas is probably small.

If salinity and/or temperature are not directing the

distribution of organisms within the Bay, then some factor(e

must be operating since the spatial arrangement of animals
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is not homogoneous., The described distributions could be

due purely to chance; but, if so, then one would expect more

of a randomized distribution, especially among the most

characteristic animals. Tables VIII, IX, XIV, and XV show

that a randomized distribution is not apparent. Some factor

other than chance must then be operating. The possibilities

of directing factors become quite broad, dissolved oxygen,

specific chemical in the water/substrate, turbidity, depth

(pressure), and others. One aspect of benthic ecology which

has received some study is that of the relationship between

the organism and its substrate. Jones (1950) considers the

substrate as the third directing force for the benthos,

along with temperature and salinity.

The preference of different animals for different

bottom types has been demonstrated for larval types (Lynch,

19591 Scheltema, 19611 Thorson, 1957; and Wilson, 1952) and

adults (Chapman and Newell, 1949). Actual influence of the

substrate on metamorphosis of larvae and distribution of

mobile benthic forms remains to be demonstrated in many

species. An excellent introductory discussion of the

"attractiveness" of substrate is presented in Thorson (1957)-

The nature of the substrate is a reflection of other

parameters such as current velocity, distance from sediment

source, and biological activity within the particular area.

As a result of these external modifications, the substrate

per se may not exert direct influence on the biota that may

reside within or upon the bottom. Under such circumstances
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the particle size composition of the substrate may still be

used for characterizing the type of associated biota as lonG

as it is realized that the oomposition is a secondary ohar-

acterization. The precise governing factor that determines

a substrate's suitability for colonization is unknown. In

all probability there is no one factor, rather a series of

chemical/physical interactions combined to determine what

taxa, if any, are capable of adapting to that particular

environment.

Sanders (1956, 19 5 8) demonstrated a relationship

between sediment type and feeding type in two subtidal

areas. In these studies, iufaunal suspension feeders were

most prominent in fine sands, while deposit feeding forms

were more characteristic of sediment rich in silt and clay-

sized particles. Harrison et. al. (1964) indicate "slight

tendencies" for similar findings in Chesapeake Bay. Hank's

(1964) community was dominated by deposit feeders, a finding

which further supports Sanders' characterizations since the

Sheepscot study site was 90/% silt and clay. Inspection of

Stickney and Stringer's (1957) data shows additional agree-

ment with Sanders. This relationship, as Sanders et. al.

(1962) point out, is based on the availability of food more

than the actual particle size composition of the sediment.

In Barnegat Bay, the sandy areas, supposedly domrinated

by suspension feeders, are characterized by Tellina arills,

a deposit feeder. Such findings are in opposition to

Sanders' (1956, 1958) generalizations concerning feeding

types and associated substrates. The repeated findings of
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Tollina in sandy areas of' the Bay, and the recurrent densi-

illes at any station indicate that the observed results are.

valid and are not iholated inaidante, Actually, Tallini was

the second most common bivalve found by Sanders (1958) in

the sandy sediments of Buzzards Bay. The recorded densities

(Table 3. Sanders, 1958) of the clam are comparable to those

of this study, but Tellina's contribution to the sandy

assemblages was overshadowed by Cerastoderma (Family Cardi-

dae). a filter feeder. The distribution of Tellina is not

anomalous in this studyi as mentioned earlier, Tellina is

characteristic of sands.

An explanation of the apparent paradox of Tellina's

distribution may reside in the stability of the substrate

and colonization of the sand particle surfaces by benthic

unicellular algae. Assuming a stable substrate, an initial

innoculum of algae and favorable light penetrati on, an

algal population might be established which could serve as

an energy source for the deposit feeders. The faster turn-

over rates of the algae might be sufficient to maintain the

deposit feeders. If such were the case, then the level of

organic matter at any time would not be a valid parameter on

which to base a prediction concerning feeding type. In such

a situation, correlations would be better calculated by

chlorophyll concentration (Sanders, et. al., 1962).

The ability of Tellina to burrow rapidly permits

successful colonization of sandy areas. Dislodgment by

currents associated with sand bottoms could eliminate
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populations of organisms unable to rapidly relocate within

the substrate.

IV. Temporal Distribution

During the course of the investigation samples were

taken during 34 months of the study period (46 months). The

composite first third of the calendar years has the poorest

representation in sampling. Of a possible 15 sample months

(Table XX) during the period January through April, only 7

months were actually sampled. January and April were both

sampled only in 1968. Ic.- cover, storm systems, and mechan-

ical malfunction contributed to the rather patchy sampling

periodicity during the early part of the years. The time

course of May through December has a better record of

sampling frequency, with 27 of the possible 31 months inves-

tigated.

The period of May through October is the best sampled

span during the year. The largest numbers of species are

recorded during this interval (Tables XX and XXI) with an

observed range of 5 4 (May) to 87 (July) species. The

probability exists that there were additional species which

were not captured during May because the sampling frequency

was not as great as during the summer months. This is prob-

ably also true for August and September during which the

sampling intensity was not as great as during June and July.

Dividing the monthly records into epi- and infaunal

components (Table XXI) does not contribute greatly to defin-

ing any patterns. Both faunistic portions have their
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Table XX. Numbers of benthic invertebrate species collected
monthly. Figures within parentheses represent
total number of different species found during
that month.for the four-year study. The final
column is the average number of species recorded
per station.

L2_6 19661

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

(48)

(52)

(54)

(79)

(87)

(69)

(65)

(85)

(31)

(61)

37

65

39

11

24

14

22

49

61

33

42

47

25

15

1967

16

27

22

59

59

51

41

1968

19

32

40

46

69

64

46

44

6o

1969 x/station

-- I 4.8 II

47 5.3

17 4.7

13.3

6.0

1.4

1.1

2.2

3.4

3.0

3.4

3.449
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Table XXI. [Epifaunal and infaunal components of benthic
invertebrates collected within months.

1965 1966 1967 1968 1969

E* 1* E I E I E I E I

JAN .. .. .. .. .. .. 12 7 .. ..

FEB .. .. .. -- 8 8 -- -- 22 25

MAR .. .. .. .. 16 11 21 111 5 12

APR .. ...-- -- 19 21 .. ..

MAY -- -- 13 7 16 6 20 26

JUN 22 "15 32 17 34 25 36 33 .. ..

JUL 36 29 31 30 28 31 28 36 --

AUG 26 13 16 17 27 24 20 26 --

SEP 1 10 23 19 -- -- 17 27 --

OCT 15: 9 28 19 27 24 23 37 --

NOV 11 3 16 9 .. . ..-- -- --

DEC -- -- 13 2. 24 25 14 20 .. ..

* E - numbers of epifaunal species
I - numbers of infaunal species

0
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greatest representation during June, July, and August, the

most intensely sampled months. Among these 12 sampling

months (4-years' data), the number of epifaunal species

always surpassed the number of infauna during June, while

the two fractions were equally represented in July and

August.

As a generality, the number of species recorded

decreased during the remainder of the year from September to

May. Some of this decrease may be due to emigration, but

much would have to be attributed to decreased collecting and

efficiency, especially durin..; the colder months. The last

column of Table XX presents the number of species recorded

during a month on the basis of the number of stations made

during that month. This technique, while not solving the

problem of skewed sampling, at least approximates average

values. Some temporal variation is to be expected since the

animals respond to the changing environmental regimes.

During the colder periods the more mobile members of the

epibenthos may move into oceanic water which normally does

not become as cold as the more isolated bay system. Some

organisms may form overwintering bodies or stages which are

more resistant to cold than the parental form.

Infaunal organisms by their nature cannot get up and

.leave their habitats. Burrowing deeper into the substrate

is the only escape mechanism available to such animals.

Since the actual number of samples ccllected within a

particular month was variable, a direct monthly comparison
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of species richness would be somewhat dubious. A greater

number of samples might result in an increased number of

species-this assumes that the species-area curve (Gleason,

1922) has not peaked out. The areas studied during a

particular time period will also influence the number of

species found. One station made at a qualitatively rich

area (large number of species) might surpass the cumulative

number of species collected at a multiple of poorer areas.

A graphical presentation of the repetition in temporal

capture pattern is given in figure 13. The resultant

pattern is similar to the general relationship in species-

numbers within communities. There were several species

which appeared infrequently, while only a few species were

encountered regularly. No single species appeared during

every collecting trip over the 34 months of the investiga-

tion.

Sixty-one species, or 551a of the total number, appeared

one-third of the time or less. Only 13 species (1.2%) were

taken more than two-thirds of the time. Of the latter

group. 7 species were epifaunal. The mobility of these

forms may play an important role in the temporal as well as

the spatial distribution of these organisms. The most fre-

quently found epifaunal species are Mitrella lunata (recorded

during 33 months), Grangon septemspinosus (32 months),

Idotea baltica (31 months), Palaemonetes vulgaris (29

months), Neopanope texana (27 months), Asterias forbesi (27

months) and Eupleura caudata (26 months).,



Figure 13. The number of species that appeared during a
specified number of months (out of 34 months of
sampling). Shr.ded portion of bars represents
number of infaunal species; unshaded portion
corresponds to number of epifaunal species.
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The temporally most commonly encountered infauna

included the lamellibranchs Mulinia lateralis and Tel[ling

agilis (both 30 months). Cyathura polita (30 months),

Pectinaria gouldii (29 months), Glycera dibranchiata (26

months), and Maldanopsis elongata (25 months).

Table VII presents a monthly appearance register of the

benthos. This represents a condensation of the 34 collect-

ing months. Six species appeared every month throughout the

year. As might be expected, all of these are included among

the most commonly encountered animals. The six are Crangon,

Cyathura. Idotea, Mitrella, Palaemonetes, and Pectinaria,

Ten other species have been recorded during 11 months. of the

year. Five of these-Asterias, Maldanopsis, Mulinia, Neo-

panope, and Tellina-are included among the most commonly

taken forms. The other 5 species which appeared during 11

of the 12 months include Erichsonella filiformis, Halichon-

dria bowerbanki, Laevicardium mortoni, Pagurus longicarpus,

and Scoloplos armiger. These 5 latter forms appeared

between one-third and two-thirds of the total number of

months investigated.

It is highly probable that the 10 species which appear

during .11. months are present during the entire year. Seven

of these 10 were not recorded during January. It is unlike•r

that all the organisms would migrate to the ocean even thoudh

January is the coldest month (average bottom temperature is

about 2 0 C.-Taylor, Fig. 8, 1970). The bay system begins

gradual warming so that the average temperature by late



125

February is above the offshore waters. Three of the genera

not recorded in January are infaunal (Maldanopsis, Mulinia,

and Tellina) and lialichondria is an attached epi-benthic

form so these forms could not leave. Since January is one

of the poorest sampled months, it is fairly safe to assume

that many, if not most or all, of these organisms were

present but simply were not collected in the limited samp-

ling program.

There were 10 species which appeared 10 of the 12

months. Two of these were Eupleura caudata and Glycera

dibranchiata which were among the best represented species

in total number of months captured. Both of these were not

encountered during January and November. Among the other 8

species within this category (10 out of 12 months), 6 were

not taken during Januarys these were Bugula turrita,

Hydroides dianthus, Notomastus latericeus, Retusa canalicu-

lata, Solemya velum, and Turbon-illa ap. November was not a

heavily sampled month so there were a number of missing

species; Hydroides and Retusa were missing as well as

Lyonsia hyalina and Moleula manhattensis.

As with the species lacking during one month, it is

likely that the ones missing during two months are also

present year round. Their absence is probably a result of

the reduced sampling effort during January and later in

November. Since none of the genera within this category was

absent for a two-month span, it is likely that the organisms

were present throughout the entire year. More sampling, or



126

perhaps sampling different localities. would have filled in

the temporal gaps.

The proposed filling-in of temporal appearance gaps

could be carried further, but naturally this becomes more

tenuous as one attempts to fill in more and more gaps.

There are other organisms that could be chosen as reference

levels for a complete year study. Mercenaria mercenaria and

Nassarlus obsoletus, which appeared nine and eight months

respectively, would probably serve as reliable species in a

temporal distribution study. The gaps in their apparent

temporal distribution are probably indices that the areas in

which they were commonly found were not sampled, rather than

these organisms being absent from the Bay during certain

months.

For predictive purposes or establishing base indices

for future studies, the most logical choices of species are

the 26 that appear during 10 or more months during the year.

These are the first 26 species listed in Table VII. The

present environmental parameters are such that these organ-

isms can maintain themselves year round. Provided no

changes occur within the study area, these species should

continue to exist throughout the year. Any subsequent study

which reveals other species temporally as widespread as the

26 listed would not be surprising for the reason listed

earlier-certain months are not well represented in this

study, especially January. If January had been investigated

more, there probably would have been several more species
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registered in the year-round category.
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CONCLUSION

1. As a result of 304 quantitative samples taken over

a four-year span, 110 species of benthic macroinvertebrates

were collected from the central portion of Barnegat Bay.

2. Only four species were recorded from at least 50A

of the sampling stations. Temporally, there were only six

species that appeared during every calendar month of the

year. it is suggested that there were at least an addi-

tional 20 species within the year-round category.

3. The organisms found were typical of "soft bottom"

environments. The substrate of the Bay was predominantly

finer sands east of the Intracoastal Waterway and "mud"

.west of the Waterway.

4. Tellina agilis, a deposit feeding lamellibranch,

was the characteristic organism of sandy substratesl this

finding is in contrast to the classic description of filter

feeders dominating sand areas. No characterizing animal or

pair of animals was found for the muddy regions.

5. Pectinaria gouldii, a polychaete. was widely dis-

tributed within both major substrate types. It is suggested

that this species would be a good indicator organism to -

monitor pollution.

6. The species diversity, measured by two techniques,

was similar among the major sampling sites. There was
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significant overlap between the two indices among the

samples even though there were qualitative and quantitative

diCfQranoaw among tho amrpled. Tho "rioheat" areas

(greatest numbers of species) were located at the mouths of

Forked River and Oyster Creek.

7. Although there was considerable variation among

the data, a significa-nt correlation (P=O.O01 level) was

found between the percentage of silt-clay material and the

amount of organic material present in the sediments.

8. Comparison of the Petersen and Ponar quantitative

bottom dredges indicated that the two tools were not

significantly different in the volumes captured in sandy

environments.I

S
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Appendix
Table Ia. Yearly sediment size distribution of collecting

stations sampled at least three years. The
particle size data are the percentage weights
of the different size classes. In the column
labeled "Particle Size" the figures represent
the lower limit of each size class with the
exception of the silt-clay fraction (-62). In
the tabular presentation of the related sedimen-
tary characteristics the median grain diameter
(M2 ), the first quartile (Q1 ), and the third
quartile (Q3 ) values are given in microns. The
sorting coerficient (So) and the skewness (Sk)
are dimensionless.

Station I-1, Light I, Quadrate 21-D
"North" off Stouts Creek.

Particle
Size. 4 1q6 1966 1968 1969

2000
1000

500
250
125

62
-62

M2
Qi
Q3so

6.50%
.80

-.40
5.00
7.90

24.10
48.10

64
22

150
2.61
7.18

0.00%
0.50
8.80
8.00
9.60

15.4o
57.50

45
18

145
2.84
7.62

0.15%
0.30
6.25
5.90
7.90

24.85
54.35

58
28

105
1.94
7.12

0.10%
0.60
2.45
6.4o0
8.55

23.55
58.30

49
24
98
2.02
6.93

0
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S (Table Ia continued)

Station II-1, Quadrate 22-B, Light 19

Particle
Size At 1965 1968 1969

2000
1000

500

125
62

-62

1.90
21.00
14.60
12.80
13.30
36.30

0. 30o
1.15
7.65
8.40

11.95
24.85
45.35

72
35

160
2.14
8.82

0.10%
1.70
8.50

11.40
12.90
18.45
46.85

69
26

208
2.83
8.85

VI 2
Qi1
Q3so

130
28

470
4.09

•10.07

Station 11-2, Quadrate 22-B, Light 12

ParticleSize," 1965 1968 1969

2000 4.20f 21.75% 1.95%
1000 6.60 ' 9.70 1.15

500 10.50 9.80 15.00
250 10.60 7.75 13.25
125 12.90 8.45 10.85

62 24.90 * 14.40 15.90
-62 30.00 28.10 42.05

V2 108 230 87
Q1 55 54 18
Q3 400 1.550 345
so 2.70 5.36 4.32
sk 14.27 19.10 8.56
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(Table Ia continued)

Station 11-3, Quadrate 22-A, Light 4
800 yards east of Light 12

Particle
Size ýg 1965 1966 1967 1968

2000
1000
500
250
125

62
-62

M2
Q1

Q3so

0.20%
1,20

22.90
45.50
12.30
10.20
7.60

335
195
500

1.60
17.06

o . 95%
1.*00

16.1o
41.75
14.65
10.70
14.70

340
120
4F5

2.01
13.08

0.20%
3.10

31.55
57.65

5.15
1 .70
0.65

415
310
61o

1.40
21-30

0.30%
1.75

15.70
38.50
15.20
17.65
10.85

280
105
495

2.17
13.60

Station 11-4

Particle
Size /J 1965 1967 1969

2000 2.30% 6.00% 0.307,
100.0 1.30 7.20 0.25

500 14.80 9.10 5.00
250 20.40 16.30 39.30
125 24.20 22.00 25.50

62 20.40 19.80 17.00
-62 16.50 19.70 12.65

M2 180 178 218
Q1 93 75 106
Q3 470 430 360
so 2.25 2.39 1.84
Sk 15.58 13.47 13.23
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(Table la continued)

Station 1I-5

Particle
Size oL 1965 1967 1969

2000
1000

500
250
125

62
-62

0.40%
3.10
3.70
6.10

24.30
49.80
12.30

105
73

180
1.57

11.19

0.10%
0.40
1.80
5.70
9.00

48.50
34.20

77
35

112
1.79
7.14

0. 10%
0.25
1.60
2.20
5.60

54.50
35.90

75
47
104

1.49
8,07

M2
Q I
Q3so
Sk

1
i .

Station 11-7

Particle
Size AS 1965 1967 1969

2000 0. 80% O 0.30% 0.70%
1000 0,70 0.20 1.00

500 1.40 0.70 1.15
250 6.30 11.70 2.45
125 59.90 80.40 163.35

62 25.30 6.80 25.80
-62 5.10 0.40 4.60

M2 155 180 155
11.5 145 108

Q3 207 225 203 l

So 1.34 1.25 1.37
Sk 12.39 13.47 11.89
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(Table la continued)

Station 11-9

Particle
Size AL 1965 1967 1969

2000
1000

500
250
125

62
-62

0.50%
0.70
1.40

11.00
59.50
22.60
1.80

170
126
227

1 . 34
12.97

0.6o%
0.60
3.10

22.70
57.20
14.20

1.70

190
148
260

1.33
14.23

o. 40/
0.80
1.55

10.40
63.95
21.50

1.50

168
128
220

1.31
.12.95

M2
Q1
Q3so
Sk

Station IIl-1, Quadrate 23-A
150 yards inside mouth of oyster Creek

Particle 1965 1967 1968 1969
Sizef, a b

4000 0.00%.. 0.00% 0.00% 0.00% 0.00%
2000 0.00 0.10 0.15 0.00 1.20

.1000 0.30 3.40 0.10 0.00 0.50
500 1.10 4.70 1.6o 6.30 4.15
250 2.60 5.80 9.85 12.05 13.85
125 4,50 13.40 16.35 16.25 17.55

62 13.00 33.90 33.70 32.90 26.95
-62 76.80 38.70 38.00 32.25 35.7-5

M2  24 79 92 88
Q1 19 37 30 33
Q3 54 135 175 199
so 1.98 1.91 2.42 2 4
Sk 6.54 7.95 7.55 8.
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1 (Table Ia cV "Inued)

Station 111-2, Light 3

ParticleSize A 1967
i q66 aq b 1 Q0S8 1 I~Q

s i zp /I b 1 Q68 1060
4000
2000
1000

500
250
125

62
-62

0.50.4
0.70
0.90
5.40

18.7016039: 0
17.90

109l
68

268
1.98

12-93

0.00%
0.45
1.15
6.45

12.65
8.10

40.65
30.25

94
62

180
1.70

10.90

0.00%
4.90
1110
4.50

' 0.10

8.30
8.00

215
145
365

1.58
15.70

0.00%
1.20
4.20

36.10
33.60
7.40
9.70
7.70

425
.250
690

1.66
20.10

0.00;1
0.25
0.60
1.20
2.50
4.50

43.95
47.05

67
38
98
.1.61
7.45

0.00%
0.90
1.35

13.20
34.65
18.70
20.10
11.25

252
103
415

2.01
13.02

Bouy C-1

Particle 1966
Sizem a b 1967 1968 1969

2000
1000

500
250
125

62
-62

0. 2 54
1.00

12.80
49.50
21.70
6.20
8.30

310
185
445

1.55
16.30

0.10%
0.80
9.70

27.10
18.50
16.10
27.60

160
54

345

0.40%
0.65
2.25

12.50
26.85
28.75
28.30

110
46

198
2.07
9.09

0 .80%
1.35
9.15

11.65
14.60
43.75
18.45

100
69

220
1.78

12.30

0.30%
0.60
6.45

34.25
31.45
10.55
16.65

210
118
320

1.65
13.41

M2
Q1
Q3so
Sk
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(Table Ia continued)

Bouy D

Particle
i 66 1968 1969

Si Ze #

2000
1000

500
250
125

62
-62

M2
Qi

Q3so
Sk.'

0. 30%
2.90
8.80

13.52
16.32
21.20
37.42

60
?-6o

2.49
11.01

0.001"
0.00
7.70

12.45
14.35
47.75
17.80

100
69

19o
1.66

11.50

0. 00/0
0.10
1: 70

16.45
15.70
29.60
36.40

81
36

176
2.23
8.78

Bouy D1

Particle
Size A 1966 1968

2000
1000

500
250

62
-62

M2
QI
Q3so
Sk

0.00%
3.80
8.80

24.20
12.85
21.40
13.95l

145
66

370
2.37

12.98

0.15%
2.65

24.70
47.25
12.456.55
6.05

360
245
510

1.44
18.60

0.05%
0.10

11 .50
35.80
21.40
15.60
15.5.0

230
99

380
1.96

12.79

0
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(Table Ia continued)

Bouy E

Particle
size O 1966 1968 1969

2000
1000
.500
250
125

62
-62

0. 20%
2.35

13.30
20.65
14.90
24.30
24.70

135
66

380
2.40

13.63

0.2o;O
0.30
3.70

* 25.90
22.85
33.90
12.95

0.1070
0.55
4.40

21.05
25.30
26.00
22.50

130
68

258
1.95

11.62

M2
Q1
Q3soskc

135
80

270
1.84

12.65

Bouy E-1

Particle
. Size/e 1966 1967 1968 1969

2000
1000

500
250
125

62
-62

M2

Q3

Sk

0.47%
0.97
3.77

14.12
44.92
21.30
14.25

170

2 5
1.60

11.76

0. 30%
I .90

1.80
2.30

40.60
46.1o
7,40

120
80

182
1.51

11.01

0.00%
0.00
2.20

15..o
16.1o
48.00
18.35

100
69

175
1.59

11.00

0. 70%
.0.85
3.35
8.75

14.I45
47.40
24.55

91
62

140
1.50
9.77

a
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(Table la continued)

Bov: I Ctundrate 17-C

Pat title
Size At 1966 1967 1968 1969

2000
1000
500
250
125

62
-62

Ml2
QI

Q3So
Sk

0 t154
0.45
0.70
1,70
9.95

71.30
15.6o

86
68

110
1.27
9.32

0.30%
S0 , 2 ()

0.70
1.90

15.40
68. 0
13.

90.
70

118
1,30
9.58

0. 1o0/
0.55
0.85
1.60

12.05
70.95
14.00

88
72

110
1.24
9.45

0.15%
0.45
0.75
0.95
6.85

72.25
18.60

86
68

lo9
1.26
9.28

Bouy 0

Particle
Size/AL 1966 1967 1968 1969

"- " C -, &.

2000
1000
500
250
125

62
-62

12Q1.

Q3so
Sk

0.00%
0.50
0.90
1.90

17.30
66.70
12.30

92
71

120
1.30
9,62

0.10%
0.10
0.60
1.30

11.70
71.40
14.80

88
69

113
1.28
9.41

0.15%
0.30
0.65
1.30

23.80
64.75
8.9O

98
76

125
1.28
9.85

.0.35%
0.25
0.30
0.70

12.10
74.10
12.10

90
72

114 -

1.26
9.55
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(Table la continued)

Light 1 South

Particle
SI',.e Ii 1966 1968 1969
Size V

2000
1000

500
250
125

62
-62

M2

QI
Q3so
SIC

0.60%
0.45
0.80
1.60

26.20
61.65
8.45

96
73

130
1.33
9.32.

1 .20%
1.30
1.00
1.45

30.35
57.05
7.4o

108
84

133
1.26

10.15

1.35%
0.90
1.30
2.10

31-15
58.25
4.85

108
80

165
1.44

11.05



150

Table lb. Sediment size distribution of collecting
stations sampled twice. Explanation is the
same as in Table

Sta. 1-2 Quad. 14C
Particle

Size /Z.

Sta. 1-2

1965

Quad. 14D

1969

4000
2000
1000
500
250
125

62
-62

1965

2.90
2.60
2.70
2.40
8.80

71.00
7.60
2.00

180
145
2)5
1.30

13.76

1969

0.00
0.00
0.20
1.20

10.30
15.45
36.00
37.00

7p5
43

132
1.75
8.69

0.00
0.40
0.40
0.70
4.40

84.60
8.50
1.00

0.00
0.10
0.25
0.45
1.35

50.75
34.90
12.10

132
80

184
1.52

10.56

M2
Qi

Q3so
Sk

175
140
215
1.20

13.11

Sta.-l-4 Quad. 7 Sta. 1-5 Quad. 7
Particle

Size A

4000
2000
1000

500
2.50
125

62
-62

1965

0.30
0.40
0.40
1.00

14.50
75.30
7.10
0.70

185
150
230
1.20

13.66

1969

0.00
0.05
0.09
1.23
3.-4

37.00
37.64
20.80

115
76

178
1.53

10.85

1965

0.00
0.20
0.50
2.00

24.10
64.60
7.20
1.30

195
150
255
1.30

14.00

1969

0.00
0.35
0.70
0.90
9.00

79.10
9.25
0.70

M2
Q1
Q3so
Sk

178
143
222
1.25

13.35
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(Table Ib continued)

Sta. 1-6 Quad. 7 Sta. 11-6 Quad. 8C

Particle
Size ,a

4000

2000
1000

500
250
125

62
-62

M2

Q1
Q3so
Sk

Particle
Size/i

. 4000
• 2000

1000
500
250
125

62
-62

M2

Qi1
Q3
so

1965

0.00
0.10
0.40
2.00

25.70
59.80
ii.1O
1.00

195
145
265

14. o'

1969

0.10
0.60
0.75
6.30.

78.50
11.15
2.45

172
138
2).5
1.25

13.13

1965

0.60
0.30
0.70
1.00
4.40

69.90
21.80

1.30

163
127
210
1.28

12.79

1969

0.05
0.20
0.55
1.10

56.00
39.75
2.60

138
93

188
1.42

11.26

Sta. II-7 Quad. 8AD Sta. 11-9 Quad. 1

1965

0.00
0.80
0.70
1.40
6.30

59.90
25.30
5.10

155
115
207
1.34

12.39

1969 1965 1969

0.70
1.00
1.15
2.45

63.35
25.80

4.60

155
108
203
1.37

11.89

2.50
0.50
0.70
1.40

11.00
59.50
22.60
1.80

170
126
227
1.34

12.97

0.40
0.80
1.55

10.40
63.95
21.50

1.50

168
128
220
1.31

12.95

S
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(Table Ib continued)

Sta. 111-4 Quad. 16D Sta. 111-5 Quad. 16D
Particle

Size.a

4000
2000
1000

500
250
125

62
-62

1965

0.55
0.90
1.60
1.75
6.00

71.85
15.00
2.15

1969

0.15
0.50
0.95
2.70

83.40
10.70
1.50

174
14o
211
1,?4

13.15

1965

0.60
0.40
0.70
1.10
5.90

61.80
22.70
6.50

160
118
210
1.33

12.44

1969

0.25
0.55
0.40
3.10

74.50
18.15
3.15

163
130
205
1.26

12.79

V'2
W1
W3
So
Sk

170
138
218
1.26

13.30

Part.
SizeA

4000
.2000
1000

500
250

.125
62
-62

M2
QI
Q3So
Sk

Station 111-6
Quadrate 9C
1965 1969

Station FRC*
Quadrate 22A
1968 1969

Station OCC**Quadrate 23D
1968 1969

1.10
1.40
1.90
3.25

13.65
48.80
23.15
6.65

170
117
240
1.43

12.85

0.90
1.00
1.30

32.30
55.85

7.00
1.65

210
154
294
1.38

14.68

0.25
0.40
1.90
6.95
8.95

25.90
55.65

48
29
98
1.84
7.70

0.150.65
5.90
7.45
8.4.0

27.55
49.90

62
31

116
1.93
7.62

4.45
2.50
.. 75
6.65

25.35
35.60
20.85

112
70

195
1.67

11.00

1.35
7.80

51.00
28.80

2.60
3.65
4.65

580
315
770
1.41

22.61
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t -,p ,dix.
I xb](J II: Mean density (number/meter 2 ) and observed density

ranges of major invertebrates recorded quantita-
tively from principle sampling stations, Barnegat
Bay.

Species Mean Density Observed Range

QUADRATE 8C, LIGHT 2
Idotea baltica 12 6- 27
Mitrella lunata 14 9- 18
Mulinia lateralis 18 5- 40
Neopanope texana 6 1- 10
Pectinaria gouldii 7 1-.14
".'elina agilis 26 15- 46

QUADRATE 11, LIGHT 1-So,'
Clymenella torquata 19 1- 34
Crangon septemspinosus 4 .1- 9
Ensis directus 2 2- 3
Idotea baltica 4 1- 6
Neopanope texana 10 4- 23
Scoloplos armiger 14 1- 30
Solemya velum 12 9- 18
Sthenelais limicola 5 4- 7
Tellina agilis 98 55-144

QIJADRATE 13A, BOUY Cl
Clymenella torquata 49 17- 76
Cyathura polita 18. 5- 40
Diopatra cuprea 49 7-126
Maldanopsis elongata 94 8-182
Mulinia lateralis 63 5-170
Pectinaria gouldii 15 3-,32

QUADRATE 14B, BOUY D
Cyathura polita 16 6- 37
Glycera dibranchiata . 22 8- 38
Pectinaria gouldii 22 2- 57

QUADRATE 15B. BOUY E
Clymenella torquata 145 13-290
Cyathura polita 33 ..9- 50
Diopatra cuprea 20 3- 38
Maldanopsir .longats, 50 14-105
Notomastus latericeus 22 20- 24
Pectinaria gouldii 83 14-217

QUADRATE 15C. BOUY D1
Glycera dibranchiata 13 3- 31
Tellina agilis 40 3- 84



154

(Appondix Table II, continued)

Spe_ i1e. Mean Density Observed Range

QUADRATE 17A, BOUY G
Cyathura polita 44 6- 56
rMulinia lateralis 35 4-160
Pectinaria gouldii 11 3- 20
Solemya velum 13 5- 32
Tellina agilis 73 41-122

QUADRATE 17C, BOUY F
Ampelisca macrocephala 17 3- 60
Clymrenella torquata 11 1- 35
Cyathura polita 8 2- 18
Glycera dibranchiata 9 1- 15
Mulinia lateralie 11 2. 41
Pectinaria gouldii 33 3- 84
Solemya velum 11 2- 33
Tellina agilis 204 69-336

QUADRATE 21D, TRANSECT I-i
Eupleura caudata 5 2- 8
Glycera dibranchiata 8 6- 12
Maldanopsis elongata 58 21- 77
Mulinia lateralls 45 2-105
Pectinaria gouldil 92 49-176

QUADRATE 22A, LIGHT 4
Clymenella torquata 15 1- 47
Cyathura polita 13 1- 52
Glycera dibranchiata 8 2- 19
Mulinia lateralis 57 7-318
Pectinaria gouldil 100 3-325
Tellina agilis 80 8-306

QUADRATE 22A., FORKED RIVER CHANNEL
Clymenella torquata 47 3-188
Cyathura polita 17 4- 29
Glycera dibranchiata 15 7- 21
Maldanopsis elongata 63 9-156
Pectinaria gouldii 303'. 40-1200

QUADRATE 22B, LIGHT 12
Botryllus schlosseri -- --
Cirratulus grandis 34 9- 55
Cyathura polita 23 4- 40
Nassarius obsoletus 155 9-156
Nereis succinea 19 17- 20
Pectinaria gouldil 11 4- 20
Rhithropanopeus harrisi 1 1- 2
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(Appendix Table II. continued).

Species Mean Deneity Observed Range

QUADRATE 23A, TRANSECT III-i
Clycera dibranchiata
Mulinia lateralis
Nassarius obsoletus

2
115

32

QUADRATE 23D, OYSTER CREEK
Cyathura polita
Mercenaria mercenaria
Nassarius obsoletus
Pectinaria gouldii
Scoloplos armiger

QUADRATE 23D, LIGHT 3
Crangon septemspinosus
Eupleura caudata
Mitrella lunata

Mulinia lateralls
Pectinaria gouldil
Tellina agilis

.QUADRATE 23D, BOUY J
Ampelisca macrocephala
Cyathura polita
Eupleura caudata
Mercenaria mercenaria
Pectinaria gouldii
Tellina agilis

CHANNEL
18

3
176
150

4

6
6

34
82

163
4o

1- 3'45-180
17- 64

4- 33
3- 4
5-740

48-351
2- 7

2- 12
1- 11
2-150
1-192
2-700
9- 93

4- 43
4- 16
1- 23
1- 13

30-200
14- 82

19
8
11

5
89
63
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