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Budget Statement, 4 April 1974 -

I. Salary o Alloted Committed Balahce
a) Principal Investigator  $3,000.00 $3,000.00 $0.00
b) Full-time employees 5,400,00 6,930,00 ~1530,00
¢) Part-time employees 1,800,00 495,38 1,304,.62

d) Consulting algologists fee 300,00 0,00 300,00

11, Eguigment'and-Repair

. - -
a) Salinometer probe (replace) 525,00 (292.00) 525,00
b) Repair equipment _ 200.00 ) 61.50 138.50

III. Supplies _
a) Boat and experimental 200,00 245419 “45.19

_ supplies :
b) Miscellaneous | 500,00 500,00%* 0.00

IV. QOperation
a) Vessel upkeep . 480,00 65,10 414,90

b) Mileage 520,00 564,72 bl 72 .
c) Towing fee: | 125,00 53,10 71,90

V._Publication and data analysis

a) Xerox rental 650,00 11.90 638,10
~ b) Computer aid 1,740.00 0.00  1,740,00
V1. Indirect costs | 3,060,00 3,060,00 0,00

#* %

Balance $3.513.11“

* :
- funds 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

buring the period covered by this report (1 June-31 Deé. '73)
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. Because 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 specles 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 1lists the relative rank-order of the
species of algae collected during the summer of 1973, The
species listed are just those which occurred in sufficlent
quantity to be sorted and weighed, Additional species, too
small or fraglile 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 welght of all
specles 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 sp., 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).
Spyridia 1s easlly confused with Ceramium and Enteromorpha
linza must be carefully distinguished from Enteromorpha intes-
tinalis, 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; 4t 1s 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 1s true whether one considers the frequency
rank (i.e., probabllity 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 speclies which 1s 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 1,562.25 42,42
2  Enteromorpha intestinalis 601 .40 16.54
3 Gracilaria foliifera & verrucosa 315.51 '_8968
b Codium fragile 287.21 790
5 = Ceramium sp. 27768 7 .64
6 Spyridia filamentosa 194,22 5;34
7 Champia sp. 174,59 4.80
8 Zostera marina * 125,02 344
.9  Polysiphonia Sp. 30.84 0.85
10 - Polysiﬁhonia 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
Chaetomorpha sp. 0.01 0.0003

* vascular plant

Total= 3,635.31



: ' Table II- Number of species of macroalgae collected at
. - each station in the bay sampling area.

July + August

Station 11 July '73 . 15 Augusf '?773 Cumulative #
I _ 13 . 8 1L
11 - 9 | 10 11
II1 14 9 14
v 15 10 15
v 16 | | 12 | 16
VI 15 13 15
v 11 8 12
VIII ' 14 8 14
X | v I 11

= 12,7 X= 9.9 -



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 Date Species
11 Jul., Ulva lactuca
I
' 15 Aug.
11 Jul. Ulva lactuca
I1
15 Aug. Ulva lactuca
11 Jul, Ulva lactuca
11T o
: 15 Aug. Ulva lactuca
11 Jul. Ulva lactuca
v '
15 Aug. Ulva lactuca
11 Jul. Ulva lactuca
v
15 Aug. Ulva lactuca
11 Jul., Ulva lactuca
VI ' :
15 Aug. Ulva lactuca
11 Jul. Ulva lactuca
VII -
15 Aug. Zostera marina
11 Jul.
VIII S
15 Aug. Ceramium sp.
11 Jul. Ulva lactuca
IX
15 Aug. Ceramium sp.

*vascular plant

Gracilaria foliifera & verrucosa

% of Total Dry
Weight of Sample

Enteromorpha intestinalis

87.53
52.79
39.30

7446
38.95
65.76
38.84

91,16

13.65

63.24

40.07

20018 ’

50,75
34,33
13,18

73.54

29,62
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Table IV - Total dry weight of algae (grams) at each .bay,

station, July and August, 1971 & 73 (4 cruises),

11

Station July '71 Aug., '71 X '71 11Jul¥’73 | 15Aug. 73 X ‘73
I 16215 4630 104,23 180.17  174.58  177.38
1 41,60 18.20. 29,90 21,63 371.35 196 .49
IiI 181,85  315.48 248,67 30.08 353,80  191.94
v L 86.01  ____ 105.69 536.23  320.96
v 146,80 75.56 111,18  110.63 218,06 164,35
VI 177.10 19.10 © 98.10 124,36 5436 89.36
VII 303.30 33.19  168.25 912,47 18,68 465.58
V1II 295,10 69.76  182.43 1,093.66 328,37 711,02
IX 243,70 114,27 178,99  287.84 222,50 - 254,67

T = 193.95 X.-= 84,43 X = 318.50 X = 253.10 |

X = 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 pleces 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 speclies (such as Ulva, Enteromorpha and Gracilaria).
Of course, it must be pointed out that Codium is still abundant
locally, especlally in the sandy parts of the bay where clearer
water 1s found (e.g., off Island Beach and in the vicinity

of Waretown).

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

Dominant spegies., 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 August
to September, When water temperatures are often highest,

Total Biomass. In Table III, the dominant specles of algae

are listed by date and station, In this case, we have given

the species name of the single specles which contributed

the largest amount of blomass 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 speciles in

a sample when it comprises as little as 13% of the total dry
welght. 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 speclies in Barnegat Bay, the proportion of this

. specles to a particular sample,,varies along the axls 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 ylelds higher biomass values per
sample, this pattern is not necessarily consistent (see, e.g.,
Station III in August 1971). We attribute the apparent bimoda)
distribution of algae, using biomass as a criterion, to two = . ~
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factors: A) the community of algae in the southern end of the
transect is dominated by speclies 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 sampls,
although the number of species present is not significantly
lower. This statlion often 1s 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 hizh in this
vicinity. :

It is of interest to note that the average sample in

July contalns 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 weilght 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 1s 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, althoush 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 &8 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 V New Species Reported for Barnegat Bay (Hiddlelﬁegion)é

Aeginella longicornis (tentative) Palaemonetes pugio (tent) new 73

Amathia dichotoma Panopeus herbstii (tent)

Ampelisca adbita (tent) Polycirrus medusa

Ampelisca vadorum Pontogenia inermis (tent)

Ampelisca verrilli .

Amphipholis squamata new 73 Sabella crassicornis (tent)

Amphithoe longimana (tent) new 73 Spiochaetopterus oculatus

Amphithoe rubricata (tent) . Stauronereis rudolphi new 73

Amphitrite cirrata (tent) . .Stylarioides plumosa

Arabella iricolor ' : -

Asabellides oculata ' : Tanystylum orbiculare (tent)

Autolytus cornutus Terebellides stroemi
Thuiaria argentea

Balanus eburneus (tent) ' Thularia robusta

Batea catharinensis (tent) Turbonilla interrupta

Busycon carica (fent)

Carinoma tremephoros

.Cerapus tubularis

Chiona cingenda (tent)

" Corophium tuberculatum

Crassostrea virginica o :
Cucumaria pulcherrima (tent) new 73

Dysponetus pygmaeus (tent)

Edwardsia elegans (tent)
Eulelia viridis (tent)

Gammarus lawrencianus
Glycera capitata
Golfingia improviss

Halcampoides sp (tent)
Halichondria panicea (tent)
Haliplanella luciae (tent)
Harmothoe oerstedi (tent) .
Hyale prevostl (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)
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Table VI Benthic invertebrates to be deleted
from previous checklists.

Pelete

Ampelisca spinipes
Aphrodite aculeata

Batea secunda
Cerebratulﬁs Spe
Corophium cylindricum
Corophium volutator
Urilonereis longa
Erichthonius difformis
Ganmmarus locusta
Golfingia gouldii
Goniadella gracilis
Harmothoe extenuata
Harmothoe nodosa
Hypaniola grayi

Jassa mamorata

- Libinia sp,
Lumbrinereis tenuis

Melinna cristata
Onuphis quadricuspis
Polycirrus sp.
Scoloplos armiger}
Scoloplos sp.
Sthenelais leidyi 3
a

Sthenelais limicol
Stylarioides arenosa

Talorchestia longicornis

Turbonilla sp.

Changed Lo

Ampelisca vadorum & A. abdita

Harmothoe imbricata

Batea catharinensis

Carinoma tremephoros
Corophium tuberculatum
Arabella iricolor
Jassa falecata
Gammarus lawrencianus
Golfingia improvisa
Glycinde splitaria
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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‘Cliona cclata o
‘dalichondriz bowerbanki '
“Halichondria panices

(tentative)
‘Haliclona

S0,

Microclona prolifera

Hydrentinia echinata
Penriaria tlarelle
(%

Tubularia- crocea

T
1

Campanularidaz (uaicentified species)
Obelia commissuralis (tentative)
Thularia srzentea

Thularia robusta

piadumene leucolena

Edwardsia elegans (tentative)
Halcampoldes sp. (Lentaiive)
Haliplenells luecine (Lontative)
Haloclava producto

rietridiun senile -

Sasartia luciae.

Sagartia modesta

Cerinatnus amasricanus

Euplana gracilis
Stylochus ellipticus

Carinona tremaphoros-

Cerebratulus lacteus-—

Golfingla improvisa
Golfingia sp. '
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Phylum Annelida _ - . .
Class Polychaeta -

4802000000 Order Phyllodoclda
y@eacsogoe Family Phyllodocidae _
4goa050l0a  lihzone helberopoda

ugoaocseioy trnonn lactos
: Enlaiia viridles (tentabive)
4B80aoso0)  wiMLGn songuines
4Boaosoel Tarenaitis speclosa
yRoaosesol riylivdoce arenae:
_ yBoro3050# Fhyllodcce maculata
Upoaoacoco ramily Polynoldae :
: 4Y8oa0a0ie3 Harmobhoc imbricata
Harmothoe oerrstuedl (tentztive)
- y8baoa2caeax Leplaonotus squamatuc
dgoacamecs fomily Sigalionlidae
. -~ geeasaorol Sthenslals bhos
wBoaotecos Family Chrysopetalidae

_ | ‘Dvspornetus pygracus (tentative)
4Boaidocoo amily Glyceridae -
: ' 48eard o) Glycers americuna
Glycera capitata (tentatlive)
+Boasworoa Glycera dibranchiata
yBoa 150000 Tamily Goniadidae _
o dBeassotel Glveinde solitaria
Gonlada maculata (tentative) :
Opnrlycera glpantca (tentative) ‘

48oa1aeoco Fanily Nephtyldae
¥8eaisoeoa Nephitys inclisa
: . Y8oarzarcyNepntys picta
dBoanocco ramlly Syllidae _ _
- oz Autolytus corautus -
48cac9ocoo. Family Hesionidae
: "4Boaodase) Cyptis vittata
' Jcaodouo) Fodarke obscura.
4Boardooos Family Nereidae :
' 48aalaogo) lierels arensceodonte-
d8ea oosel erels dumerillii (Tentative)
dgoaraovos Nerels pelagica
4802190 403 Nerels succlines
' ' lierels virens-
order Capitellids o doves tren
4po3o3sooo Family Capitellidae : _
' 480303610l Capitella capltata
4ga3o3escl Notomastus latericeus -
dBo3sooco Family lMaldanidae
+8o3as0lel Clyrenella torguata -
¢Bo3asolea Clymenella zonalie
dBozesoro)iialdais sarsl
48062305020) Mald anops is. Clon’_—f{‘-_'l,';(-',, ~

4802000000




.' 14806000000 Order Spionida
: 4Bosoa ooop Faliily Cplonidae
4Bo5020a0a
48oS6acs0)
4805030003
Hgosoaotol

s oboao?o.z
480505 0000 IFamily Chaetopteridne

430505030, Spiochaznbogteran oculatins
805 0bb 065 ~amily Sabellariidae _ '
#Bosobolol Sabellnrie valisaris-

d@obbooctvos Order Eunicida
4Boboicooo Family Onuphidae '
_ dBowoioio) Llopabtra cunren
4B 0booscso Family EZuniclidae . '
d8oboacvol Harphysa sgnguinea
4Bobovsooo Famlly Arebellidee
4Bobodoror Arabell
UBoboboco fFanily Dorvilleidae
dBobobolol Stauronerels rudolpni

a iricolor

4 09000000 _Order Ariciida
4Bodolosoo Family Orbiniidase
: . Orbinia norvesica (teatative):
480901 qapi Scoloplos frumilis
: 4Bo9s/00ea SCOLloNPI0OS robustus
481060000 0 Order Cirratulida '
‘ uproolecoo Family Clrratulidae _

481001 01 0/ Cil"r'\,..ud'u P‘I'a..”"iis

_ 4B1o 0/0sad Tharyx acutus (tentati Vf’)
4 Blacotoso Order Terebellida

481010000 Family Pectinariidae
f8iaoiote)  Fectinaria gouldil -
48100000 Family Amphareiidae . -
. d asabeliiides oculata
UBiaoeons Family Terebell raa’’ S
Ampnlirite civrata (tentavivey
dRBiaonoloa Sitphitrits jorwstoni (tentative):
4Bao3ctel Amphitirite ornata-
403 es0) ista cristata
YBiaoaesesd Plsta palinata
481apdoke) Polycirrus exinius (tentative)-
YBrao30bo2 FOlycirris medus: (tentative)
_ 4B Tereballides acroond
4R 1300 0000 Order Flabelligerida
: wBi3oloooo Fanily Plabeliliscrldac

ua:Soooooo rder Sabellida
¢5ngo;oow Family Sabellidee
¢8tSol 030 T SR
481501 030! N

4gisnacopd Family Serpulidae
I _ Jg15030)0) _H;'d tdes dianthus
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0/"6'
-J/
I <Al
»
2hylum Arthropoda
0000000 O Class AXiphosurida
: o Soojororof  Lirulus polypt omes
e id :
000000660 Class Pycnosonida o .
Sa01010610 1 e ."_31“':2’! DU S VR
Saolouoltol sonacularn
Y0 000000 Class Crustacea
5301000000 Subclass Cirripedia
» Order Thoracica
Balanusg v
$do0? 1tor02 3nlanus {tertaiive)
5303/ 0103 Balanus 17;-u15fws
. 7Subclass. Malacostiracea '
s£313000000 Order ilysidacea _
' S3izoro3o!
313010/t 0!
S31tocoooo Order Cumacea ' :
J3dos0ao) Oxyurcliyiiag guich

'53A5ooonoo Order Tanal

5316000000

£313 ovo000 -
S3173yo0o0 Family

S3130ace0s Family

53 Family

5313210000 Family

S313100000 Family
Family
S3134t000c FoMily

S30t,50000 Family

S3itodoooo Family

Order Isopoda

dacea
S315010r0 1

Leptosholin saviravi

S3lee0010/
I3l oaovol .
S3leor0l0/ cneonl”
beoaoaOREriCh?O
Salwoaoczo! Ldotea b
S¥edwesol Lironcas

Cyatrira 1ol
Lootvx i

I",

itica -
ovalis -

Order Amphipoda

Lysianossidcoe
$31134030]
Ampeliscidae
A3130a0i01
S313030/04
LAlrcaoloR
Sd1Yos0i03

Lysianopsias

'J\l‘x"f‘l ,a...L':C:‘l
Annelicern
Ampelin

Ampelivoen

=5

vorrtlid

Culliopiidae
' Callicpius lacviuvgeculus {tentative)
Gammaridae ' '
5331001 Elasmovus i
S313rar0a0b Gominizrus s .'r'u“-’-_'.e_'.'-. s
$31121 o208 Ganmnrus uagronatus
Reora (th ative;
J¥t2io¢oa riciita Lo
Bateidee
ANWooml Satea inensis (tentative)
Fontogenelidae
rontoranin inecrmis
Yalitridne
Lwnie vorcrastl o Uoanroti o)
Corophiiidan
Sx35010l G
&313150204 "
..‘Ul?l.foaoo L
SAH1#I5ovod M 5
Ampltnoidae

53no¢mo;unﬁ

1,\ i) Har

33)13c4 20! (xrubl

icete (ten,(tiv > )

14 (Qimuqus‘,, Q—“F‘“’)




5313230000 Family Ischyroceric

> icas - _ '
. i ’ S313a7010) Jacca 1":.:.‘;.::-:.1'(:& :

Iechyrocaius pnomloes -
S33060000 Family Aoridae

Feithi (fontntiva)

$31706010) LEWDUE TLALL
roedousopus Toryilotalips

€amily | $3/306e30s Microd

<BB%3 5372810000 OPEer Caprellidae :

Jdhrorol Acgivcllia

5 Caprclila g
Caprelis 1:

(tontative)

531000000 Order Decapoda
Infraorder Carides
5319110000 Family Hippolytidae

339170103 Hippolyte ucstaricole -
J319d00000 Femily Crangonidae

S31zc0r0/ Crangon &cpfen.;p‘nosus
5319130000 Family Palaemonidae
: S3/q130303Palacnonctes pugio (tents uive)
55:9/303°+¢’a1(.b wONeLe? vulooris
531%bbosco Family Majidae

53196 bio) Libinia aubis
S319890060 Family Cancridae

_ £319590/10a Cancer ir mratu
Infraorder Brachyura
831900000 Family Xanthidze

531960010 z,up,\, panopens depressus (tentabive
S0 o030l Neopancpe Loxans -

. 83190040} Punupb«ln nerbstil (tentative)
. S31960050! Rnitln opanopevs harrisl
J_:,,q5gooo° Family Portunidae -
831958020/ Callincctna capldus -
Carcinus maenag

334580602 Ovalives occllatus
Infraorder Anomu‘ & :

$3M9% 000 Family Paguridae )
. JszqwoaosPaFur‘us ‘owrr*cdrpur -
”300000000. Phylum T']Oliusca
' “#ao40c0co0 Class Gastropoda

Subclass Prosobranchia
Order Mesoyastropoda

Attium 2lternatum
4904 3s5pi0a L DIl convexa
Howgsorg Crepidula i mmi:uta
dqpus50i0¢ ~Topidile piona
 HAousooica SPLtoOnlun runizola
Littorine ssxaiilis
dAougboro) PO I inim 5 dupl icatus
Hosdalol ‘TITHOTe nicrecinann
Order Neogastropoda
| Hoditolol Anachin o
4904 Moipa B CON ¢
Wortoot Pusrcon o

_ Houddaro ) UL Cio s by
. : . - _ #outbaaol it el in Jmmm

dnugocio3Nassar. .. susolecus-
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wicypooloa MNassarius trivitattus (tentative;
49oubooier NABBarius vibex
44ougecaol Jrosalpinx ciner:n

Subclass Opisthobranc
Order Cephalaspldea

Order Nudibranchia

\

hia

Y9oscicie !
4405 120101
490515030l
+4405/3020)

Acteon punstostriatus (tentntive),
ilaminoea solitarla

Turbonilla interrupta

detusa canaliculata

4405560/ ol Corambella obscura
yqo5560/00 COTambella sp.
ygos8icicl Cratena pilata

© waosBci0e Cratena sp,

4308 000000 Class Bivalvia

4905 Cuthona concinna

- Subclass Prionodesmata:

Order Protobranchla

Subclass Pteriomorphia

Crder Prionodontia -

Order Pteroconchida

Subclass Telodesmata
Order Heterodontida

Jqo8110t0! tiucula proxima
UqeBoroio! S0lemya vellum
Yictriaoio) Y01ldia limatula

4908320101 Anadara ovalis

4905300/0/Acqu1p00ten ir'r'".diem'

4908350/ Crassostrea virginica
FNodlolus demissus

4908250/0f MOd1lolus modiolus (tentative)

' WcBason) Mytilus edulus-

Chiona cinmenda (tentative)
H4egtoiel Ensls dircchus

90855050 GEMMA FEemna
0854aol Laevicardium mortont

908530/ Facoma balthica

ygo8stoac3liacoma tenta ‘
49cks5030) Mercenaria mercenarin

© 49p8%amaoliiulinia lateralis

Yob3¥sorolFlya arenaiia :
dgopseaol Petricola mm] Ldiformi.-
¢dogssoqc/Pitar morrhua

4908 12010/Spisula solidi ulmlx
Hopbooiog Tagelus divisus

- Y9o0A5t0i Telling amilis

ococooce Fhiylum Ectoprocta

b0l 03p)_ —

Tellina versicolour {(tentacivoe:

Amathia dichotoma

Lol 030261 Bowerbankia gracilis (teni.t.ve.
- boacyolo) Bugula turrita

bo

oao3dsi02 Llectra hastinrcsae

btoao2oloo Membranipora sp.




b9oovo0c00

F! 00000006

ihylum Echinodermata (8oocococo

w8olooooco Class Asterolidea

WwBorooocos Class Ophluroldea

LR CA06C0006 Class Echinolidea

wlodpoooos Class Holothuroidea

Phylum Hemichordata

- Phylum Chordata
Subphylum Urochordata
120l000000 Class Ascidlacea

Phylum Chaetognatha

Bols50010t

Asterias forbosi

Amphiphblis squamnats

bBeazsores Arbacia purnclulatn

t8odototes
b8cy.s50cic!

LPeoyoioaol
GYcleioict
1RClc el ol

Ficlo40/0}
2016203201

?/0/0/0/0/

Cucumaria pulcherrisa (teonobive,
Leptosynaphn tenuily

Leptosynuphta roscola (tentanive)
Thyone briareus

Saccoglossus kowalewskyi
Bottryllus schlosseri

lMogula menhattensis
Peropnora viridis

Sagitta elegans
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Invertebrates

Our study of invertebrates during 1973 included obhservations
in six principle subject areas: 1) Quantitative samples taken
at Sour 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 50 samples);

L) A continuation study of the inwasion 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 1nvertebrates from Barnegat Bay. KEach 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 collectlon was made in order to validate the
species collected. In addltion, a large data matrix has been
complied which 1lists all species ever collected in Barnegat
Bay and their frequency of appearance,

Table V 1lists the species which are reported for the first
time from the middle region of Barnegat Bay, The reason that
this list 1s longer than usual 1s 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 ldentified. This 1is 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),
‘Wwe have been able to demonstrate that previcus identifications
were in error, We have gone through our original data and
noted corrections in taxonomy wherever necessary.

Table VII 1lists in phylogenic sequence all of the species
of benthic Invertebrates found in the current study. This
list is our most accurate compllation 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)  Qu ﬁgtitgtive samples. On five dates, during the period
18 July- 23 October 1973, we sampled four regions in the bay

(Stouts Creek, Forked Biver, 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 welghed
for total dry biomass. Dlversity and eveness calculations
were performed on all samples. ‘

Table VIII lists the average number of specles 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 specles of invertebrates, on the average, taken per
sample, In late summer 1972, we found that the Forked Hiver
and Oyster Creek areas €xperienced 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 speclés, 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 locatlion 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 stlll 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 tBe 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 1is
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 1little or no
snowfall, DBeceause the decrease in species richness and
abundance was widespread (both in the bay and in the canal),

it 1s difficult to speculate on the posslible cause. As will
be demonstrated presently, we feel that thermal stress has

not played a significant role--to the best of ocur persent
understanding of Barnegat Bay--in the dimunition of specties
numbers and individuals., The changes observed over the

past two years are seen more readlly 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 cautlion, we continue to observe
a decrease in dominance in the invertebrate community. The
prior dominants Mulinia and FPectinaria still have not made a
significant comeback since their crash (JuI{ 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



MEAN NUMBER OF INVERTEBRATZ SPECIES AND MEAN. DIVERSITY

INDICES FOR THREE TIME PERIODS FROM

27 AUGUST 1969 THROUGH 23 OCTOBER 1973

27

18_July 73-23 Oct 73

STATION 12 July 72-16 Aug 72 )
TOT # Mean Mean # Tot # Mean Mean #
Samples Diversity Species Samples Diversity Specles
S.C. 6 1,626 25.33 13 2,423 22,30
F.R. 6 2.693 34,83 13 2,663 22,38
0.C. 7 - 2.370 31,14 13 2.629 24,00
F.R. canal 3 1.823 12.67 3 1.338 11,00
0.C. cana} 3 1.920 14,67 3 1.59% 9.33
¥# For comparison, from
y * Mean Values for above time .Report #8, Means for
STATION period,12 July 72-23 Oct 73 27 August 69-26 June 72
Tot # Mean Mean # Tot #  Mean Mean #
Samples Diversity Species Samples Diversity Specles
S.C. 19 2,025 23.82 113 1.8794 21,01
F.R. 19 2.678 28.61 105 1.8928 21.72
0.C. 20 2.500 27.57 130 1.7496 20.61
F.Rcanal 6. - 1,581 11.84 L2 - 1.,1984 11.34
0.Ccanal 6 1.757 12.00 b1 1.4332 11.02
STATION |'* Grand Means to date, time period 27 August 69-23 Oct_ 73
"TOT # Mean Mean
_ Samples Diversity Specles
S.C. 132 1.916 21,71
F.R. 124 2,089 23,44
0.C. 150 1.937 22.35
F.R.canal L8 1.294 11.46
0.C.canal L7 1.514 11.26
NOTE: * These values are means of means for each of 2 time perlods,

#% These values are means of means for each of 6 time periods,
'¥ These values are means of means for each of 8 time periods,



Ficure 5 Comparison of the number of speciles
per seven ponar grabs at each station

for 1972 and 1973
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DIVERSITY

Figure 6 Comparison of the diversities at each
o station for the years 1972 and 1973
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EVENESS

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 1s apparent to us that Barnegat Bay may soon
reach the threshold of 1ts resilience to its use by man. We
urge that careful conslideration be given to the continued
development of Barnegat Bay because there are aspects here whlch
are jJust not being measured.

3) ualitative 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. BEach 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 specles which generally
are at or on the surface of the bottom sediments., Table IX.
gives the distribution of species number by date and statlion.
Using this data, an analysis of variance was performed in an
attempt to detect differences due to position in bhay or time
of sampling. As might be expected, there were no differences
in any effect measured; that 1s, 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 compogition and hydrographic analysis (except,
of course, for the thermal effects in the vicinity of Oyster.
Creek), It should be recalled that while 8ediments 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 specles
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 spec®es, on the average,
than any other transect, although the significance of this 1is
not clear, : . _ _

Figure 10 is a plot of the data obtalned during the
qualitative 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),

L) 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, 2@ August, 29 September and 13 November 1973),
a serles 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 45
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 statlons. _



Table X.

QUALITATIVE INVERTEBRATE STUDY

NUMBER OF SPECIES

28 July 73

STATION 11 Sept 73
1 18) - 26) _
2 14} X=16. o4Y X=19,3
2 17) 8 -
A . o
5 167 X=16.0 2; X=20.6
6 1 23
7 17 - 24y
8 15p X=17. 9} X=21.0
9 zu | 30
10 2 — 10) -
11 10} - X=16. 14} X=15.0
12 14 Zé,
13 8 — -
14 20} X=13, 20§ X=12,6
15 12 12
X=15.8 =17.7
STATION LOCATIONS
0.C. F.R. . s.C.
L L L} 1 - i
13 12 7 6 1
14 11 8 5 2
15 10 9 & 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 questlons listed presently.

- The raw data from this study is presented in Figures 11-20,

The results of the analysis of varlance 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 specles). 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 of 1ndiv1duals(M2, With respect to date,
August showed higher densities of individuaés for all stations
compared with September and November (525/M° vs., 179 and 307/m2,
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 specles richness

- of the inner transect 1s 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 radli positions; nor were there differences
in the stations from date to date., Finally, there were no
significant interactions, - _

" 4, Bilomass. If one compares the total dry weight of
those organisms caught with 7 ponar grabs, we find that the
August collection was significantly higher in bilomass than
elther 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
circumferentlial transects and radliating transects. 'he
inner most circumference (Transect A) was significantly

"warmer (P<0.01) than the outer two circumferential transects
(i,e., AB,C, or 22,1°> 20.9° , 20.3° 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
Qirection, 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 22A4), 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, 26.77°
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-
cunference 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°2 August,
24_89%» September, 21,15°» November, 8.27° C).,

6. ‘Salinity. 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 18, we found evidence of entrailnment of
southerly bay water into the middle portion of the bay. ‘'his
was only significant on the surface and was probably due to
strong southerly winds. We found that surface sallnity 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 0/00). - |
' Bottom salinity showed a significant (FP<0.01, 0,05)
increase as one moved away from the region of Cyster Creek.
Since the bottom temperature was higher near the mouth, then
there i8 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 coodlant
water by the pumping actlion 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, 26.60 %00).

7. Light. Penetration of light, as measured by a
standard Secchl disc, demonstrated a lower light (P¢ €.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 radli; and no significant
interactions occurred. The water in September was significantly
clearer than in July and August (3.86% 3.47, 3,26).

Discussion. ‘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 1s 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 1s then heated on its passage
through the condensers, No doubt some organisms are either
- killed or damaged, especlally the plankton., This results in
"a ralsed detrital load in Oyster Creek--which then passes
directly into the bay.  Once the thermal plume hits the bay,
some mixing with bostom 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 distinet 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 18 more responsive
to differences in regions than the density of individuals.
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Fige 12 - Number of
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Fige 17 - Bottom water
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Fige 18 = Surface
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Fige 19 ~ Bottom
salinity (ppt) at
each of 15 stations
on 4 sampling dates.
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Fig, 20 - Secchi depth
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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 start 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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Figse. 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) Bankia study. We have continued our wonliovineg oro-
agram of the shipworm or boring clam (Zankio gouldal). The tocn-
nique was simply to place rcplicate sauples of Gured Douslis
fir blocks (2x3x6") into the water coluan at six locnitions
(Intake and Outfall canals adjacent to the power pland;

Oyster Creek, downstream of the marina arecas; Forkxl diver,
at Beach Blvd bridee; Stouts Creek, n=2ar e mouti; and
waretovn, near the public pier). The boards vars hung about
two feet apart and the supporting rope was veisghtzd., The top
board usually was one to two feet below the low water mark,
On several occasions vandals had stolen the welsiits and
the boards were floatlns at the surface, The swaples were
brought back to the l1lab in plastic bogs under raflr
Examination for Bankia took place within iLwo days.
board was scraped d clean of all encrusting orsanisns and was
them examined under a dissecting microscope Tor the characteristic
holes made by Bankia, All surfaces, except the two ends
(where end grain appears), were enumecrated, The results of
this study are indicated in Figures 23-26,

' The earliest boards were set out during the Tirst two
weeks of June, when we recorded the highest “calch" of
Bankia throughout the six stations., As can be seen from the
‘plots of mean number against date, there were very hish densitles
‘of Bankia on both the top (Figure 23) and bottom (Figure 24)
board. In fact, we found more Bankia in one sample al Warctown
during the June-July period then we did for all semples during
the previous year. The number of new Bankia dropped very
rapidly through the summer-they were almost non-cxistent by -
the middle of September. The mean number of all xou" ‘boards,
per statlion, 1s indicated in Fipur2 25.

A plot of mean number of new Bankla by statlion is 1ﬂdicated
in Figure 26. The boring clam seems to be most common at
Waretown and Forked River (two very ulffereno locations both
in terms of wave action and water clarity) The lowest numbers
of Bankla occurred adjaccent to the power plant, with a slipght
increase in numbers within Oyster Creek. _

The temperature and salinity values for thc seleccted stations .
are indicated in Figure 27 A and B. It is ooviouu that all
stations behaved in a gimilar fashion over the time period.

As can be secn from Figures 28 and 29, whichn are summary
records for Bankia in 1972, the overall pattern of dlstribution
of Bankia has not changed much over the two years. HWhnt has
changed, .of course, is that there are many more RBankia recorded
from the middle region of Barnesat ?ay in 1973 comparcd to 1972,

1
friseration,

ey
i

'
on

~6) Oyster Growth Study - Over the pe“1od Aug ugt 1672 - July
1973 over 12,000 individual measurements of oysters (\ru;so)trﬂ"
virginiea) have been made in order to determine if there iv a
difiercnce in the growth of oysters cultured inside and ouilside the
infiuence of the thermal plume,

The stock oysters used in this growtli experinent woro
COllQCde from Delaware Bay in the iorm ol gpav daden slam snnlils,
The oyster bearing shells were sirung on nylon wop2i, 10 shollis por
rope. A total of 14 of these long lincs were suspended in ine lonbous

~
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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 Fige. 30 we have plotied 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 ocutfall oysters at the start of
the experiment (Aug. 18, 1972) was 1.,75mm., 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 apparent
then, 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 ratle 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.
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% Dry Weight

Intake Qutfall
0,067 ' 24,99
0.200 23,82
0,100 25,00
0.050 26,08
0.100 28,59
0,200 25.02
0300 28,57
0.067 2725
0.200 . 21,75
0.201 21.88
0.300 27 .67
0.100 23.51
0,299 _ : 26,12
0.200 20,03
0.050 _ 18.75
0.100 29,65
0.100 . 22.58
_ ' 21.75
22,28

. 2759

X = 0.,155% X = 24,6L4%

Table XI=- Results of the percent dry weight analysis
of 17 intake and 20 outfall oysters, March 3,

1973,
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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 asgsembled a list of invertebrates for the area that will
serve a8 a base line for studies on benthic invertebrate
communities, The number of invertaebrate. species found in
Barnegat Bay will undoubtedly exceed 250 when all species
(1.e., benthic, fouling and planktonic) are considered. We
have observed a continual increase in the number of specles
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. Hecent 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 1is 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 the south or tne uUyster 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 activity
increases along the north shore until one reaches Forked aiver,
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 specles of inverte-
brates are detected. Surprisingly, our fleld 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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tion Locations for Hydrographic Data: 1972

July 72-6

11o° SE Light 1, 50 yds off mile marker, SC
70° NE and 200 yds off mile marker, SC :
220° SW, 20 yds off Light 1, SC

Oyster Creek BRt, 9

280° ,400 yds off Light 3, OC

240° sw 100 yds off Light 3 0C,

20° N, 200 yds off 1light 3, OC

220° sw 300 yds off Light 2, FR

320° NW' light 2, 400 yds off light, FR.

280° W Light 2, 180 S Black buoy #7, 50 yds off buoy, FR
Forked River, Rt. #9

1 August 72-7

L OSIONN FL N

16

O30\ FLWN =

160° SSE Mile Marker, 200 yds from Light 1, SC
40° NE Light 1, 150 yds off Light, SC

Oyster Creek, RT. #9

225° SW, 75 yds off Light 3 OC

210° bSW 100 yds off Light 3, 0C

180°S Light2 300 yds off Light,FR

0° N, 75 yds off Light 2, FR

Forked River, Rt. #9

August 72-8

140° , 25 yds SE of mile marker, SC
60° , 200 yds NE Light 1, SC
Oyster Creek, Rt., #9°
250° , 300 vds off Light 3, OC
- 20° N, 200 yds off Light 3, 0OC
250° , 350 yds SW Light 2 FR
330° , 200 yds NW of Light 2, FR
Forked River, Rt.#¢

Station Locations for Hydrographic Data: 1973

b
IA.
IB.
IC.

IIA.

I11B.
I1C.
IIIA.
IIIB.
IIIC.
IVA.

IVB.

IvVC,
VA,
VB.

'July 33~ .
36° 31*' IBCG Tower-BGLT, 5°25% BGLT-BG Water tower
389 27' IBCG Tower- BGLT 50 47" BGLT-BG Water tower
39° 9! IBCG Tower-BGLT, 6° 12' BGLT-BG Water tower
47° zgg IBCG Tower-BGLT 59 14' BGLT~-BG Water tower compass fix
on
4oe 9, 5: 47' ; Compass fix on 285°
2o 9" 6% 2';, compass at 290° on microwave antenna
36° 174, 4° 21', microwave at 275°
38° shv, 4° 17'; compass on microwave 280°
40: 15', 5° 22'; compass on microwave at 275°
37° 55', 5° 16'; 275° off mouth 0.C.; 100 yds, 225° off pole

39° 51 5° 9t; 27° off OC in line with Buo and BGLT,
390 291, 7 5615 2550 orf o y

’ 19'; 30°yds N Buoy 2 at end of 0OC chann 1
37° 7', 5° 3! ;' 285° off old dredge ©



Station Locations for Hydrographic Data: 1973

6 July 73-1 con't ‘ |
VC. 136° 37', 4° 48'; % mile off lagoon_N of dredge; 260° off
lagoon, 240° off dredge _
11 July 73-2

Algee crulse, see map in text of report

18 July 73-3

1. 300 yds, 120° off Light 1, SC
2. 300 yds, 310° off Light 1, SC
3. 300 yds, 60° NE of Light, OC
L, 300 yds, 240° SW of Light, OC
5. Oyster Creek, Rt. #9 '

6. U400 yds, 250° SW Light 2, FR
7. 1300 yds, 20° NW Light 2,FR

8. Forked River, Ht. #9

28 July 73-4

No hydrographic data

L August 73-5

1. 500 yds off SC, 300 yds N 'can D', 310° off Light 1, SC
2. 85°, 50 yds off ‘can D' SC

3, 250 yds off ‘can D' , 190° off Light 1, SC
. Oyster Creek, BRt. #9

300 yds, 200° off Light3,0C

600 yds, 30° off Light 3, OC

300 yds, 130° off Buoy F, 0C

800 yds, 65° off Light 2, FR

100 yds, 100° off Light2, FR

500 yds, 15° off Light 2, FR

Forked River, Rt. #9 .

= OO O~ O\ &
e o o & o o o

[EPE

9 August 73-6

1., 100 yds, 70° off Light 1,SC

2. 300 yds, 60° off Light 1, SC

3., 200 yds off shore, 160° off Light 1, SC

L. 500 yds off shore, 310° off BL, WT

. 600 yds off shore, 125: off BL, WT

+ 200 yds off shore, 115  off BL, WT

. 180° , 400 yds off Light3 , OC

. 280° off microwave antenna, 100 yds off dredge, OC
9. 600 yds from shore, 160° off deedge , OC

10, 400 yds off shore, 300 yds, 220° off Light 2, FR
11, 25 yds, 110° off Light 2, FR = :

12. 5% | 500 yds off light, 400 yds off shore, FR.
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Station Locations for hydrographic Data: 1973

15 August 73-7
Algae Cruise, see map in text of feport for station locations
20 August 73-8

IA. 136° 40' 1left, 5° 30'right ; 8°,250 yds off Light 3, OC

IB. 35° 20' 1left, 5° 50'right; 70° off Light3, OC

IC. 138° 42' 1left, 6° 22'right; 310° off microwave antenna

' 200 yds off shore, WT. :

IIA. 37¢ 00' 1left, 5° 30'right; 70¢,100 yds off Light 3, OC
IIB. 39° 20' 1left, 10° 1'right; 60° off Lienht3, OC

IIC., 40° 7' 1left, 5° 45! right; 310° off microwave antenna, WT
IIIA. 37° 00' left, 4¢ 55' right; 90° , 100 yds off Light 3, GC
IIIB. 39° 20' left, 4° 45' right; 330°off microwave antenna
IIIC. 40° 8! left, 4° 49' right; 60° , 100 yds off E1 can

IVA. 40° 19' left, 4° 53' right; 100 ydes, 230° off Light 3;
: 280° off microwave, 0C ' . _

IVB. 379 40' left, 4° 40' right; 350 vds off shore; 315° off

- microwave :

IVC. 139°% 20' left, 4° 50' right; 290° off microwave

VA. 31° 40' left, 4° 4O' right; 290° off microwave

VB, 36° 20' left, 4° 0! right; 310°off microwave antenna

VC. 35° 30' left, 3° 40' right; 320° off microwave:

11 September 73-9
200 yds off shore at mouth of SC

1.
2. U400 yds off shore at mduth of SC
3. Inland waterway off SC
L, % distance from 3C to FR, outermost station at Inland waterway
5. 350 yds off shore, %# the distance from SC to FR
6. 200 yds off shore; % the distance from 3C to FR
7. 200 yds off mouth of  FR :
8. 50 yds off Light 2, FR - :
9., Inland waterway off FR o :
10. % the distance from FR to OC, outermost point on transect, Inland
waterway : _
11. g the distance from FR to OC, 400 yds off shore
12. the distance from FR to OC, 200 yds off shore
13. 200 yds off mouth of OC
14, approximately 350 yds off shore, OC

15. Outer most point on transect, 500 yds of f shore
29 September 73-10

IA. 0C mouth, 250° off Light 3, 250 yds off shore
~IB. 250 yds off shore, 210° off Light 3 at 0C
IC. 250 yds off shore, 210° off Loading Derrick
IIA. 170° off Loading Derrick, 250 yds off shore OC
IIB. 190° off Loading Derrick
IIC. 1909 off Loading Derrick
IITA. 200 yds off Light 3 , 270° off microwave antenna
IIIB. 150 yds off Can, 275° off microwave, OC
IIIC. 275° off microwave antenna
IVA. 100° off microwave, inner point of transect, 250 yds off shore
IVB, 90° off microwave, 400 yds off shore
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Station Locatrions for Hydrographic Data: 1973

29 September 73-10 con‘t

IvVC.

VA.
VB.
VC.

90 ° of f microwave, outer station at 500 yds off shore, 0OC

100¢ off microwave, 110° off power plant tower, 200 yds off shore
200 yds off shore, 60° N of Dredge

80 ° of f microwave, % mile off derrick

«

9 October 73-11

® & & o & & o o

[ . )
OO GO~ NN £ N e
. *

11.

190°,50 yds S Light 1, SC
4o° , 75 yds NE Light 1, 3C

100° , 100 yds off Light 1, SC

20°, 250 yds off Light 3, OC

340° , 100 yds off Light 3, OC

230¢ , 50 yds off Light 3, OC -

120° SE of microwave antenna, 300 yds off shore, WT
140° se microwave antenna, 400 yds off shore, WT
230° , 100 yds SW Light 2, FR

340°, 50 yds NW of Light 2 FR

310° ., 300 yds off Light 2, FR

23 October 73-12

OO\ R FWN -

-
(@} Vo]
o o

180° , 75 yds off Light 1, SC
120° , 100 yds off Light 1, SC
1&00 SE of microwave antenna, 100 yds off shore, WT
120° SE of microwave antenna, 300 yds off shore, WT
110° off microwave, 100 yds off shore, OC
90° E of microwave, 120° , 75 yds off Light 3, OC
Ozster Creek, RT. #9

100 yds off Light 2, FR
280° , 150 yds off Light 2 "FR
FR, Rt, #9

13 November 73-13

IA.

IB.
IC.
IIA.
1IB.
‘1IC.
IIIA.
IIIB.
ITIC.
IvVa,
IVB,
IVGC.
VA,
VB,
VC.

285° off tower

290° off tower

295 ° off tower

285 ° from tower

285 % of f tower

295 ° from tower

245” of f tower

250 ° off microwave
250 ¢ of f microwave antenna
270 ¢ of f tower _
275° from Light 3

275°¢ off Light 3

275° from Light 3

270 " from tower

270 ° from tower
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HYDROGRAPHIC DATA FOR STUDY AREA IN BARNEGAT BAY: 1972-73 ‘
Date Cruise Time Station Dehth_ Temperature Salinity  Secchi
(EST) ' (feet) (°c ) . (o/oo{ (feet)
12 Jul., 72-6 0627 1 0.0 23.62 16.98 3.3
8.0 24,30 19,27
0640 2 0.0 23.96 16,95 2.5
. 10.0 24,06 17.72
0723 3 0.0 24,03 17,17 2,5
- 10.0 24,73 19.02
0820 L 0.0 32.21 18,24 2.8
10.0 31.97 19,00 R
0845 5 0.0 31.04 19.67 2.8
' 10.0 25.03 21.71
0908 6 0.0 30.67 19.72 243
N 10.0 24 40 20.76 |
0920 Vi 0.0 30.21 19,82 3.0 ‘
10.0 23.97 22.14
0955 8 0.0 26,78 20,10 209
. 10.0 24,02 20,16
1010 9 0.0 27.13 20.13 2.8
10.0 25.58 20,17
1030 10 0.0 26.95 20.13 3.0
8.0 26,37 20.00
1110 11 0.0 26,77 19,47 2.8
: 10,0 264,77 19.64
1 Augo 72-7 : 0700 . 1 0.0 2’4‘007 19023 300
’ . 7.0 24020 27032
0721 2 0.0 24,05 18,98 3,0
7.0 24 .43 27.20
0803 3 0.0 31,07 19,30 ——
o 1.0 31,07 19,50
0835 _n 0.0 28,43 21,05 3.3 ‘
7.0 25,98 . 25,98
0853 - 5 0,0 28,07 20,40 3.5
_ 7.0 2477 26,15
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Date Cruise Time Station Depth Temperature Salinity Secchi

. (EST) (feet) (°c ) (0/00) (feet)
1 Aug. 72-7 0945 6 0.0 25.55 20.68 3.8
_ . 7.0 24060 25.83 .
1005 - 7 0.0 25,64 20649 4,0
790. 21"'930 2?997
1043 '8 0.0 25,44 19.86 .
2.0 25.41 19,82
16 Aug. 72-8 0715 1 1.0 20,60 21,17 2.1
: 10,0 21,27 16,86
0740 2 1,0 20,70 20,98 2.3
' 10,0 21 .40 24,66
0823 3 1.0 25,33 20,78 - 2.3
10,0 24,90 21,42
0850 n 1.0 23,87 21,70 2.5
10,0 22,04 23,23
' _ o 0910 5 1.0 23,20 21,63 2.2
. : ’ 1000 21 n23 23o88 .
‘ - 0935 6 1.0 21,30 22,87 2,5
o 10,0 21,20 25,40
1050 7 1,0 22,13 22,30 28
' 10,0 21,69 25,60
1115 8 1,0 21,55 21,13 .
10,0 21,78 21.18
€& Jul. 73-1 0955 I-4 0.0 30,50 18,69 245
| - _ 4.0 28,20 - 19.87
1015 1-B 0.0 29,90 19,04 2.5
- 3.5 26,50 24,51
1045 I-C 0.0 29,20 19,02 3.3
6.5 27,00 21,91 |
1435 II-A 0.0 31,80 18.53 2.5
5.0 28,20 20,88
1505 II-B 0.0 28,60 20,31 305
. - 5.1 27.30 21.76
1530 II-C 0.0 28,20 20,23 L,5
_ 605 27,00 22,25
0925 TIII-A 0.0 30,70 18.48 2.5
4.9 27.30 21,49
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Date  Cruise Time Station Depth Temperature Salinity Secchi
are (EST) | (feet) (°c ) (o/oox (feet) ‘
6 Jul,. 73"1 0900 .[lI'B | 000 26090 o 19060 . 308
’ ) 605 26.00 . 21017
0757 1II-C 0.0 27,00 - 20,01 3e5. .
7.5 26,50 22,27
1255  IV-A 0,0 30,30 18.64 3.0
6.0 27.00 22,09
1320 IV-B 0.0 29.50 18,66 3.3
| | 7.0 26,80 22,65
13‘&5 IV-C 000 28080 18075 LPQO
10,0 26 .80
1125 VA 0.0 29,80 18,51 3,0
- 6.5 28,00 19,83
1158 V=B 0.0 29,80 18,35 3.3
5,5 26,20 23,48 |
1325  V-C 0.0 2950 18459 3.8 o
500 26,80 20,1 ) .
11 Jul. 73-2 1325 1 0.0 27,30 18,82 3.0
’ 900 2?000 21011
2 0.0 27.30 21,29 3,0
— 9.0 27,00 19,31 '
3 Ooo 2?050 20019 3.0
I . 10.0 26,50  21.83
4 0,0 29,20 19,63 3,0
| 9,0 26,90 22.97
1220 5 0.0 29,80 19,70 3.0
10,0 26,00 25,12
1158 - 6 0.0 30,10 19.89 3.0
- . 900 27030 22950 )
7 0.0 - 27.50 21,74 4,5
— 10,0 26,90 22,97
8 0.0 27,00 23,04 4.5
— 8.0 26.90 23.26 |
9 0,0 28,10 —_ ‘I’
7.0 : '

26,10 23,39
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. Date Cruise Time Station Depth Temperature Salinity Secchi

(EST) (feet) (oC ) (0/00) (feet)
18 Jul. 73=3 0835 1 0.0 25,50 18,28 3.3
, bot. 25,00 22,02
0905 2 0.0 25.75 20.23 4,0
bote 25,00 21.73
0930 3 0.0 ' 30000 18.64 300
bot., 25.50 21.73
0955 4 0,0 29,00 19,40 2,8
bot. 28,00 20423
1035 5 0,0 31.50 18.39 2.0
' bot, 31,50
1115 é 0.0 25.50 23.15 4,5
: bOto 26900 20 0_88 :
1130 7 0,0 . 26,00 20,32 &,8
bot, 20,88
1235 8 0,0 26,00 2043 2.5
. bot. 25,90 20043
L Aug. 73-5 0615 1 0,0 26,20 22 .65 kO
10.0 25080 23059 ’
0655 2 0.0 26.20 220,27 . 45
10,0 25,20 25,32
0720 3 0.0 26,30 2237 4.0
) lobou 24060 27013
0810 4 0,0 33,00 19,87 3.0
10.0 32450 21,20
0945 5 0.0 30,20 22.24 4,0
500 28,00 24439 -
1015 6 0.0 30,50 21,87 3.8
5,0 28,50 23,57 :
1040 2 0.0 30,50 21.59 4,0
7.0 27.00 24,13
1100 8 - 0.0 27.20 22,63 4,0
_ 4,0 27.5%0 22,76
. 1135 9 0.0 27.50 22,46 4.8
_ 5.0 27.00 22,92



Time 5Station Depth Temperature Salinity

73

t Cruis Secchi
bate THERE EST) (Feet)  (°C) (0/00)" _ (Feet)
L A t 73— 1205 10 0.0 27.40 22.83 4.8

AUFLS 735 11.0  26.80 23.86

11 - 0.0 28.00 22.65 2.8
28.00 22.85
9 August 73-6 0635 1 0.0 26.50 20.70 3.0
7.0 26,00 20.70
0700 2 0.0 26. 50 20,72 3.3
8.0 26,00 20.61
0715 3 1.0 26.50 20.14 3.0
- 8.0 26.00 20.14
0745 m 1.0 26.20 23.22 3.8
| 8.0 26,20 25.33
0800 5 1.0 -~ 26.00 22,52 4.3
7.0 26.50 24 Iy
0820 6 0.0 27.00 26.72 3.8
8.0 26,80 23.94 |
0840 7 1.0 29,00 22.09 3.8
| 6.0 27.00 22.65
0905 8 1.0 31.00 20.98 4,0
5.0 28.00 22.27
0925 9 1.0 30.20 21.35 2.3
L.2.  28.00
1007 10 0.0  27.00 21.69 3.8
5.0 26.50 23.21
1020 11 1.0 27.00 21,72 4,0
7.0 26,00 23.11
1040 12 1.0  26.50 .0
| 8.0 27.00 21.35
15 August 73«7 1100 1 0.0 25,80 21.34 3.8
9.5 28.33
1045 - 2 0.0 25.50 21,72 3.5
9.5 22:70 28.39
1030 3 0.0 25.10 21.90 3.5
10.0 2k, 10 25,98
1015 4 0.0 25,20 . 22.50 3.5
10.0 23,80 27.19
1000 5 0.0 25,20 22.61 4.0
8.5 . 23.50 28.28
0936 '3 0.0 25,80 22,09

k.o
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Date Cruise_' Time Station Depth Temperature Salinity _Sécchi

(EST) (Feet) (°c) (0/00) . (Feet)
: . . 15 August 73-7 0936 6 8.5 2hk.20 26.35 L.o
| 0915 7 0.0  25.40 23.37 4.0
0855 8 0.0 26,00 23.78 3.0
- 8.0  24.70 26.20 .
0840 9 0.0 26.10  23.94 3.5
| 8.5 24,30 26,72
20 August 73-8 0720 1A 0.0 27.80 26,17 3.3
6.0 25,00 21.98 -
0755 1B 0.0. 27.00  22.55 3.5
7.0 24,80 24,13
0820 ic 0.0 25,80 21.01 3.8
_ 9.0 24,90 22.72 |
0850 CIIA 0.0 28.20 20.33 3.3
0708 1IB 0.0 26.20 20,42 4.0
‘ _ _ - 7.0 24,90 21.73
' 0922 1IC 0.0 24,20 21,73 3.3
' 10.0 24,20 25,07
0945 I1IIA 0.0 27.80 21.85 3.5
o 7.0 25.50 20.81 _
1013 IIIB 0.0 2U,00 21.51 3.5
10.0 23.70 22,00
1030  IIIC 0.0  24.00  21.72 4,0
11,0 24,00 24,13
1120 IVA 0.0 29,50 20.23 3.5
7.0 26.00 - 20,79
1142 IVB 0.0 27.50 21.18 4.0
9.0 24,50 21.35
1205 VG 0.0 24,70 21,63 3.0
10.0 24,00 21.35
1225 VA 0.0 30.00 19.12 2.8
: - | 2.0 26.00 21.51 '
‘ _ | 1245 Vs 0.0 29.00 19.87 3.3
7.0 25,50 21,35
5.0 2L, 30 20.65
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Date Cruise Time Station Depth Temperature Salinity Secchi
(EST) (Feet) (°cC) (0/00) (Feet)
11 September 73-9 1145 1 0.0 2300 = 23.57 @
1153 2 0.0 22.00 . 23.89
1202 3 0.0 22.00 24,31
1216 4 0.0 22.00 25,34
1225 5 0.0 22.00 23.94
1234 6 0.0  22.00 23.76
1249 2 0.0 22.00 24,13
1259 8 0.0 22.50 22,09
1310 9 0.0 22.50 24.78
1323 10 0.0 22.50 24,09
1330 11 0.0 22.50 24,30
1337 12 0.0 = 22.50 25.80 |
1401 13 0.0 23.20 24,13 o
1410 14 0.0 23.50 24,22 ‘
o 1420 15 0,0 23.00 24 Ll o _
29 September 73-10 0803 1A 0.0 21,00 24,51 4.0
5.0 21.00 2l b5
0855  1IB 0.0  21.50 24,87 4,0
B 5.0 21,10 25,70
0920 1C 0.0 21,00 25,07 3.8
- 7.0 20.09 27.29
1IA 0.0 21.50 25.43 3.5
8.5 21,00 25.43
1IB 0.0 - 21,50 125,07 3.8
11.0 21.50 25.25
1IC 0.0 21,50 25.16 4.0
8.0  21.50 27,41
IIIA 0.0 21,50 25,40
9.0 21.50 25,98
I1IB 0.0 21.50 25.05 3.0 .
11.5 21.50 . 26.20 -
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Date Cruise Time Station Depth Temperature Salinity Secchi
(EST) (Feet) (°C) (0/00) (Feet)
. 29 September 73-10 IIIC 0.0 22,00 25,07 4,0
11,0 . 22.00 27.41
IVA 0.0 21.60 23.77 3.5
21,00 27.16
IVB - 0,0 21,80 25,25 5.0
' 14,0 20.00 25,25 '
1vC 0.0 22,00 24,51 4.8
12.0 21.00 28.59
VA 0.0 21.80 25,57 5.0
9.0 21.20 27.09
VB 0.0 21.50 25,99 5,0
7.0 21.00 27.66
Ve 0.0 21.75 25.50 3.5
5.0 21.75 25.50
9 October 73-11 0900 1 1.0 18.50 21.53 5,0
8.0 19,00 21.92
0918 2 1.0 18,80 © 21.80 5.0
"' 8.5 19,00 24,13
0940 3 1.0 19,00 22.23 5.0
| 7.0 19.20 24,81
1006 b 1.0 21.00 23,21 5,0
7.0 20.00 23.21
1025 5 1.0 22,00 21.92 4,5
: 7.0 20.30 24,92
1042 6 1.0 21.40 22,47 4.o
5.0 20.70 24,52
1114 Vi 1.0 20.00 24,87 4,0
| 7.0 19.80 25,57
1130 8 1.0 20.00 24,69 3.3
8.0 19.80 24,69 '
1155 9 1.0 19.40 22.66 4.0
6.0 19.70 24,13
1215 10 1.0 19.80 23,66 5.0
. ' 1230 11 1.0  20.00 20,00  W.5
. 6.0 20.00 20,00
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Date Crulse Time Station Depth Temperature Salinity Secchi

(EST) . (Feet) ( C) (0/00) {(feset)

23 October 73-12 0745 1 0.0  13.48 25.43 1.3
) | 6.0 13.70 25.99

0815 2 0.0  13.12 25.40 3.0
| 6.5 13.21  26.98

0915 3 0.0  15.25 26.56 4.5
‘ 4,5 14,63 26.65

0935 L 0,0 15.27 26.21 3.3
5.5  14.90 26 .45

1000 5 0.0  17.8% 26.91 4,0
- 4.5 15,58 26.35

1026 6 0.0 18.95 25.50 4,0
8.0 15.10 27.20

1110 7 0.0  20.57 24,81 3.5
15.0  20.10 24 .88

1150 8 0.0 15,85 25.99 .5
6.5 14,62 26,18

1210 9 0.0  16.04 25,62 5.5
7.0 . 1b.51 26.30

0100 10 0.0 15.18 25.58 4.0
' 15,2~ 25.78

13 November 73-13 1320 = 1IA 0,0 8.40 © 26.35 3.0
8.40 26,09

1300 IB 0.0 7.33 26.73 3.5
7.U5 26,13

1240 ic 0.0 7.00 26,73 . 4.5
7.89 28,16

1125 IIA 0.0 - 8.65 26,17 - 3.3

: 8.31 26.55 .

1145  IIB - 0.0 7.02 26.70 3.8
7.58 27 A48

1205 1IC 0.0 7.53 26,48 4,0
8.11 30.05

1105 IIIA 0.0 8,69 26,17 3.8
8.41 26,42

1050 IIIB 0.0 8.75 25,90 3.8

8.15 25.83 |
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Date Crulse Time Statlion Depth Temperature Salinity Secchi

(EST) (Feet) ( C) (0/00) (Feet)
. 13 November 73-13 1030 IIIC 0.0 8.31 25,63 3.5
8.50 28,70
1335 IVA 0.0 11.00 24 .88 3.8
8.03 23.85
1405 IVB 0.0 10,03 25,68 3.3
_ 8.21 29,30
1350 va 0.0 -~ 11.10 24,90. 3,0
8.65 - 22.95 :
14840 VB 0.0  10.61 25,66 3.3
1455 VC 0.0 9,61 26,17 3,0

9.61 24,50
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INTRODUCTION

The earliest attempts at quantifying the “productivity"
of coastal areas may be traced to Dahl's (1893) investiga-

tion ln the lower Elbe., Johnstone (1908) contributed some

- more quantified information, but it was not until Petersen

(1911) deveioped his "Petersen grab”™ that benthic quantita-
tive studles could be conducted, The usefulnese of this |
tool was qulickly reallzed ih Europe, so numerous studies
were conducted and published.  Among the better known are
Blegvad's contributidns (1914, 1925, 1928), Davis' work
(1923, 1925), Hagheir (1923, 1926, 1930), Sparck (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)s Sumner, Osburn, Cole, and Davis (1913); Allee
(1923a,b); and Proctor (1933),. |

¢+ Since Lee's (1l944) investigation there have been a.few
survey type studles conducted in the northeastern states,

but the quantity of studies is nnt overwhelming, Dexter

(1944, 1947) studied two areas along the Massachusetis

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



‘investigation apparently initiated some enthusiasm beééuse
the froquéncy.of benthic surveys increased after this 
publication, Stickney and Stringer (1957), Sanders (1958,
1960), Sanders'gi. al., (1962), Hankes (1964), sanders et. al,
(1965), and Richards and Riley (1967) have all contributed
to the knowlédge of the distributional pattern of inverte-
"brates in the Northeastern sfatee.

The Middle Atlantic states are notlceably lacking in

publlshed information concerning their invertebrate faunas,

Richards (1938) listed the common New Jefsey'coaetal forms,

Dean and Haskln'(1964).surveyed a small portion of the

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

estuarine forms from the central portion of New'Jers_ey. ‘

Cbry'(l967). Cory and Nauman (1969) and Nauman and
. Cory (1969) reported on epifauna in the Patuxent River
estuary (Maryland). Wass (1965) compiled a lisﬁing of the
marine 1nvertgbratee in Virginia waters. Wells (1961)
published a register of those invertebrates assocliated with
oystef beds in the Newport River region of North Carolina,
.Brett=(196j) studied the sediment-fauna relationship in
.BoguelSound. North Carolina.

From thé above clitations it is apparent that most of
the benthié studies conducted in the Virginian Province have
been limited to the ndfthern aspects. The centrallized area
of the coastal reglon is notably laéking in published ‘

informatlon concerning the invértebrates.



Barnegat Bay is about centrally positioned (Fig. 1)
along the New Jersey'coas;iine. It 18 a shallow lagoon-type
estuary (Emery & Stevenson, 1957) with a small tidal range
of about 0.2 meters, The barrier lsland whlch forms the -
eastern boundary of the Bay is a state park.which has
remained undeveloped., The mainland side of the bay system
is mdderately developed with domestic housing, boating
marinas, and, fecently, 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 qecondary coolant_fbr the thermonuclear reac- -

tion. Approximately 0,5 x 106 gallons per minute (gpm) will
be continuously pumped through'the condensers. Even fhough
the passage time is very shqrt.'the coolaﬁt temperature will
be increased by about 10°C, above amblent. 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 generatihg plant.

i All of Barnegat Bay was not sampled iﬁ the presgent

study. The Bay is approximately 39 km long (Metedeconk Neck



'
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Figure 1. Barnegat Bay, New Jersey
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‘to Manahawkin Bay, Fig. 1) and varles in width from 2 km to
about 6,5 km, Most of tho surveys were conducted ln the
central roglon arouna Forked River and'Othef Creek

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

west from Barnegat Inlet (39°45'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

invdstigations were designed to determine the conditlon of -

" the benthos before and after operétion of the station. 1In
addition to the flora and fauna of the area, different
environmental parameters were measured to serve as points
of reference.for pre- and pust-operational studles,

| Th¢ power plant did not begih operation according to
the initial schedule. As a result no post-operational data
were cdllecfed by the author. An earlier publication
(Phillips, 1967) presented some preliminary data concerning
“the benthic invertebrate community prior to thermal

addition,



Figure 2, Test Bite area'. Barnegat Bay.
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METHODS

‘I. Ponar Characterization

Various sltes along the New Jefsey coast and a recently
dralned inland lake were sampled to investigate the working.
.charécteristics of the Ponar quahtitative bottom grabd in
different bottom types. Areas sampled included two inter-
tidal sand flats, a sandy beach (surf zone), subtidal "mud,”
- and the lake environment.

Substrate compoaition greatly determihes the ugefulness
of.the grab in quéstion (Thorson, 1957 Holme,_l96b); 80
knowiedge of ‘the grab's performance'on different bottom
‘types was imperative, The main parameter invesfigated was
the volﬁme'of material collected by the Ponar grab, The
most influential variable measured was the composition of
the substrate (viz., "hard or sandy"” vs. "soft of muddy" ).

When'possible. grab samples were obtéined during both -
high and low tides, For low tide sampling, the Ponar was
hand held'ﬁnd 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
appfoximately-l.z m, at which point it was permitted to fall
freely, - Th§ increased drop height at high tide was used iﬁ
simulating pengtration.ﬁnder the different tid#l circum-

stances,



The volume of each srnple was measured to the nearest
20 ml, usling a large graduated cyiinder. After measurement,
the aamples'were returned in polyethylene bags to the

laboratory for particle size ahalyéis.

II. Sediments
| A, Fleld Procedures

Samples of the substrate were taken at those sites
samplcd for faunal composition. All of the station loca-
tions were continually gubmérged. 80 -sampling was condqcted
through the water column from é'boat, ﬁ 16' 7™ Boston
Whaler," The open vessel hed a shallow draft, sufficlent
deck area for working, and was equipped with a custom-
constructed davit and winch.. | |

A removable wooden cUliing board was positioned forward
of the davit apparatue.. One end of the board extended out
over the water, Nested sorfing screens were fitted into a
.cui-out at this end, As materials were brought on board via "
the davit and collecting gear, thgsg cquld be deposited on
‘the culling board, washed by hand, and sorted. '

Substrate samples were taken by two varleties of quan=.
‘titative bottom grab samplers: i) the 0.1 m% Petersen
. (Petcrben.& Jensen, 1911) grab; and 2) the 0,05 m? Ponar
grgb (Wildlife Sﬁpply Company, -aginaw, Michigan).

Frbm 1966 to the termination of this study a serles
(generally four) of bottom grab contents were pooled at each

statlon. Thls technique was adopted for both samplers, The



pooled'bottom materials were mixed by hand on the culling
board; consplicuous organiens, larger than approximately.
20 mm; were removed from the sampls prior to packaging.
Random substrate samples were then taken, packaged, and
réturned 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 .
.8ites atudied, |
| B. Laborétory Procedures
In the laboratory the sediment samples were removed

from the carryling packages, individually placed in aluminum'
pans and dried in a ventilaied, electric oven., It was found
that drying at 100°-105°C, for 48 hours wasyéufficient to
bring the sample (average wet weight about 800-1000 grams)
" to a rélative'Constant welght (t2 grams). When driéd. the
substrate materlals were sorted into diameter size classes
in the dlameter range 20004 to lu, Analysis of the sands-
(ZOOQa-égﬂ,_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 sllt~clay fraction (materials finer fhan 62u)
was trapped in a retalining pan and analyzed as to particle
size by the hydrometer technique of Bouyoucos (1927, 1928).
Unless the sllt-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 jparcentage composiﬁion of the
different diameter classes,.cumulative curveg for the size.
distributions were genarated, From cumulative curves,
certaln sedimentary characteristics were derived. These
were the median grain diam&ter (sz. sorting coefficient
(So)s and skewness (Sy). All three properties were computed
using the conventional formulae presented in Sverdrup.
Johnson. and Fleming (1942),

During the final summer (1969). availablc amounts of
organic materials in the substrate were detormined.

Aliquots of the samples used in the siié determinations were
renoved for fhe organic analysis., Two téchniques were used
in this portion of the study. The rafionale 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 Sbomﬂ 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 analyslis. This was
an ashing technique wherein a gample was carefuliy weighed .
using a Mettler Balance (X0.1mg) befors and after a one-hour

aiponure to 700°C. in a muffle furnace. The recorded welght



N ®

~ differentlal was calculated as the percentage total organic

matter of that eample,
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RESULTS

1., Ponar Characterization
A. Volumes Collected

Table I presents the data obtalned with this grab using
different sampling conditions, i.é.. éubétrate'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 takén
through a shallow water column on a sand flat., Series 5 and
6 were taken in muddy envircnments. |

As a generality, 1t appears that the Ponar is more
consistent in unit capture in the finer, muddier environ-
ments, Greater volumes are consistently recorded in thd
softer substrates; this may be a function of the light
weight (20.4 kg) of the unit, | |

By filling the Ponar'ﬁith 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 aréas
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 probeduro was conducted



Takle I, Comparisdh of vclumes obtained with the Ponar bottom grad on different
_ bottcm types.

ZRIZS la
TYFS #* . High
1 1.28
b 2 0,89
o 3 1,18
E 4 0.70
= 5 1,27
o 6 0.96
<7 1.18
E 8 0.50
w9 0.86
10 0.66
X 0,54

Std. Dev, 0.27

” 1.23
GG% C.1. 0.47
M2(u) 1E2
Qy(u) 125
Q)(u) 22
'SO *# _ 1,44

# "High" and "Low” refer tc the tidal stage at tim2 of sampling.
m of watsr

.+ through 0,20-

.25

1b
Low

2.05

2.46
2.30

2.20

2.05
2,18
1,96
2.20
1,96
2,28

2,16
0.156

2.33
2.00
202
138
292
1.46

#% S 315 dimensionless

0

ju o
[
]
o)

s

W0 N ) 0~ OO 0

[eNoNol _NoNoloNoNeoRe

0.99
0.73
150
130
272

1.4b

A T O O N (D

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
2€5
1.42

W

[#2]
=1
H
vy

L L ] - L N 4 *
O 0NN O W) 0O

CORKHRMMHOOK

4

[
o
[o)]

0.23

1.33
0.84
103
69
145

l.bs

NN O

NP OO O~ OO OV
o
D
oo

See text for series locaticns.

5 -
<
+

W HEOONO ONO
O OO 4~ &HFWwwn

o
~J
(6¢]

-
V
o

0.68

2.4
1.00
182
136
272
1.41

6.66
6.62
g0
Ly
187
2,06

5b

~ Low

7415
7.30
7.35
7.40
7.25
7.10

7.40

7.30
7.25
7.40

7.29

I
o

o
e ON
pa
po )

(W3]
wnooH\o oo
DA O O O\ O\n\n

FEHEEEWEW

=
Fal oV]
VO

=
-]
\)

. 0,05

4,22
L., 13
63
23
117
2,25

€1



14

for three free-falls, Each time the sampler, which sank out
of view q*cept for the attachmeﬁt ring, was complatély
filled with substrate, |

'Series 4 in Table 1 was to have been a high/low water
_.study, but thé prevalling winds on the sampling date
preventéd'the tide from dropping as it should have; Since
the working_characterlétics 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 materlal and demon-
strated less variability (i_a 1.87 liters; standard
deviation = :0.14‘liter)_thah the Ponar (X = l,?d liters;
standard deviation = Y0,68 liter). | -

B, _Comp#rison of Samplers

Since two different samplers were used in obtaining
the'gediments for ahalysis. gome 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,'ind the third area.wae
1ntermediéte in substrate composition. | _

 Both bottom samplers were used on the same day within
‘any particular bottom type| this négated temporal varia-
bility. Since sampling was conducted within a limited ”
areé. spatial variation was probably minimal within a tsst
__sitc. 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, "Four sets were taken at each site with

“each variety of bottom grib, so a total of eight sets were
taken at each test site, | |

The results of the above are presented in Table II,
Each value is the average of four figures (from the four
sets); Tﬁese data demonstrate that the samplers provided
comparable results in ihe distribution of sodiment.éi;e
clgsses at the same general site, ‘
II, Sediments . _

During the study period (summer 1965 - summer 1969) a
‘total of 9% samples were anzlyZed.to determine the particle
size distribution of the substrate in Barnegaf'Bay.' This
number represents 35 sites or etations:thaf were sampled,
of thése aités. three were sampled only once. Two of these
represehted'peripheral locations that.were visited only
during thé early exploratory phaaos_of thé'investigation.

Most of the particle size data is presented in the
appendix, The average yearly values fof the different
particle size classes appear fqr each regularly examined
station, Each value 1s tnhe average of at least two deter-
minations of the particle size composition, If the
difference between the two deterﬁinations.was greater‘than.
5,0 - 5.5%4, another analysis was perfdrmed to verify the
observéd results,

The twelve statlions in the appendix that were sampled-

only twice durlng tne study period were'chiefly on the



Table II. Comparison of sediment size aralysis using Petersen and Ponar Grabds.

Site Location Bouy C1 ' FRC* *Sand Flats”
Quadrate _ 138 _ ) 22A 9C
' Grab Type Petersen Ponar Petersen 'Pdnar Petersen Porar

Lower Limit

of Particle % Weight % Wweight . % Weight
Size Range u _

2000 0.55  0.17 0.65  0.15  0.65 0,50
1900 1,05 0.35 1.20 0.65 1.02 1,40
500 5,60  6.90 5.10 5.90  1.60 2.3
250 36.25 33.20 6.75 7,45 25,32 23,50
125 30.35 3.2.00 ‘ 8.45 8,40 59.40 sk, 75
62 1080 10.k5 . 28,00  27.55 - 10,00  1h.35
62 16,30 16.77 50,00 49,90 205 2.2

*FRCi1Forked River Channél. gituated between Light 12 and Light &4,

.91
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eastern side of the Intravnastal Waterway. Blological
sampling was Iinfrequent ol the oceanic side of the Bay aftdf'
the‘l965 season, These areas wers sampled in 1969_for |
gediment composition to determine if any noticeable changes

had occurred in the time period.

A very condensed version of the appendix is- preseﬁted
in Figure 3. At a point corresponding to a etation B8
position in the Bay, two numbers appéa:. The upper value 1is
the mediaﬁ grain diameter (M,); the lower is the sorting
coefficient (SO). Thc'mz vaiue-represents the empirically
derived particie size which has 50 percent larger and SO
percent sméllpr materials in that sample or.average. The
larger this value (M,), the "sandier" or coarser it becomes,

The sorting coefficient gives an index of the particle
size uniférmity within a soil'sample. ‘When water velocities -
vary slightly about some average value, the.subétrate will
‘be composed of more uniformly sized particles than a
sltuation involving larger current variations. With more
uniform partiéle size, the S, value decreases until'ﬁnity is
achieved. An 3, value of 1.0 indicates that the soil:
-particles are all of the same gize,

A more qmplified graphical_index of the sediment
distribution In the area stﬁdlgo is presented in the cumula-
tive particle size curves for various positions in the Bay.
Rather than present each year's collectlon of curves, only
the most recent (1969) data are presented in Figures 4, 5,

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



Figure 3, Median grain diameter (M,) and sorting
_ - coefficient (S,) values of sampling statlions
in Barnegat Bay. Values are presented as M,/S,.



'Figure &4, Cumulative curves of sediment size distribution
along northern transect (Transect 1) stations,
1969 data,
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Figure 5, Cumulative curves of sediment size distribution
_along middle trarnsect (Transect 11) stations,

1969 data.
. Transect II-1 o. o
Forked River Channel ©rreeirernesan®

Transect 1I~7 O el
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Figure 6,

Cumulative curver of sediment size distribution -
along southern +“ransect (Transect III) stations,

1969 data.
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Figure 7. Cumulative curves of sediment size distribution
’ along Intracoastal Waterway. '
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curves of the earlier annual data fit the 1969 information
excellently. |

With a 11ﬁ1t-d ﬁuﬁber of exoaptions, materials retained
by the 2000- and 1000-micron screens were not sedimentary in
nature. fThe most commonly encountered components in these
size ranges were molluscan she;is and fragmente'(hotably the

small proabbranchs. Bittium alternatum and Mitrella lunata.

Juvenile and small bivalves were occasionally found in the
10004 and 20004 gievea, These materials were not observed

during the field collecting so they were included in the

“laboratory workups, Such blological materials were included

in the pqrcentagé analyses of the sediments. Other non-
sedimentary components were fragmented pieces of eel grass

(Zostera marina)_and sea lettuce (Ulva léctuca).

Baéed on these data, one would be foréed to conclude

that among the reglions sampled there were no very coarse

sénde.(2000-1009u. Wentworth, 1922).

From the Appendix and Figures 4 through 7, it may be
seen that the coarse sands (IOOOQSOQu) 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. Statlons
1 and 2 occur within Forked River..Station 1 being about:
0.9 km more inland than Stationfz. ‘At both of these sites
the bottom is predominatly silt deposited among luxuriant.
growths of eelgrass. Therefore, plant fragments cdnstitute

much 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 waterials contain comparatively
large ahounta of old shell, The shell fragments contribute
~markedly té the overall pattern at this station in addition_.
to the plant materials. '

Station 3 is the first open-bay samplihg'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 eaét-west transects
that has cons}derably'more'+nan.five percent of the bottom
material in the coarse sand fraction is Transect III,
Station 2., This slte 1s about 0,6 km from the mouth of
Oyster Creek on the ocean'side. As with II-3, I1I-2 marks
the beginning of a maintained passage into Oyster Creek.
Based on similar loéations. the same explanations may hold
for 111-2 that were proposed for 1I-3. The more valid
explanation for the Oyster Creek sife may be the disruption
of the bottom by dredging. Numerous bottom samples taken
randomly around position I1I-2 demonstréted marked change.in
substrate composition within short distances. Several hauls
brought up only granules (bOOO—ZOOQu) and small pebbles .
(8000-4000u).,

From about the Intracoastal Watérway to the barrier
island, the sediment composition shifts éuite rapidly to a

predominating fine sand, Most of the stations to the east
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of the waterway have at least 50 pércent of the subetraie
contained within the 250-1"5MU class, Inépection of Figures.
'“; 5, 6, and 7 reveals that there appear.to be two |
generallzed familles of curves., On the western side of the
lagoon, using the Intracoastal Waterway as a north-séuth
 axis. the cumulative curveé are falrly smooth, 1.e., there
are no rapld shifts in slope., This condition is contrasted
with the easterin stations' curves which demonetfate a rather
marked change in slbpe in the fine sand range.

The fine sands are épparantly fairly well compacfed.
Routinely, more than four bottom grabs were necessary in the
sandy areas tp coilect a large enough volume from which to.
sample. If was posslble to "feel" the hardness'(compagtness)
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 anaiyses. The

~sandy areas consistently contained about 20—35 percent water
weight as compared with water contents of about 50 percent
in the slltier regions., Lower water contents of the sands
may héVe contributed to the greatér impenetrability by the
dredge of these areas, Much of the eastern portion sub-
strate is proteéted by extensive Zostera beds (Taylor,
1970). Certalnly'the dense rhizomes and root systems of
this plant coﬁtribute to the compactnéss of the aﬁbatrate
and subsequently to the difficulty in obtaining full grab

gamples,
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II1. Organic Content-

Since data concerning the organic content of the sub-
strate ware ocolleoted only during thae 1969 coason, this
parameter will be treated rather briefly,. Totél organic
matter was estimated in both laboratory techniqheé. Com-
'pariéon of the resgults of the two methods and subsequent
calcuiations appear in Table III.

Thefe'appears'to be a de¢line in the ahount of organic
materlal as oné 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 towarq the Oyster Cr-ek Channel (in COmmuhicétion

with Barnegat Inlet) from the most northern transect,



Table III.,

Total organic matter at specific stations, 1969,
Percentage total organlc carbon and percentage
organlc carbon {readily oxidizable) computed

. from wet oxidation figures, The total organic

matter figures are the means of three determina-
tions. '
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LOCATION TOTAL ORGANIC MATTER % TOTAL %
wet oxid, Ignition ORGANIC C*  ORGANIC C**
Statlon ' _
1-1 5,204 L,80 3, 0b 2.34
2 6,68 L 6,43 3.87 . 2.98
3 2.89 2.57 1.67 1.28
oo 3.40 3.63 1.97 o 1.52
b 2,57 2.71 1.49 o 1.15
35 5.94 5.83 © 344 2,65
I1-1 . - - 8,56 -
.2 . 8.02 . B.34 4,65 3.58
FRC+ L, 15 L,02 2.41 1.85
FRC =~ 3.83 3,76 2,22 1.71
. 3 3.25 3.38 1.88 1,45
b 3.5 5.58 3.2 2.h9
5 3.73 2.75 2.16 1.66
6 2.68 2.89 1.55 i.l19
7 3.13 3,84 1.81 1.39
8 - T - -
9 3.25 1,61 1.88 1.45
I11-1 7.45 7.60 R "I ) 3.32 - _
occ+ o 7.06 7.27 L, 09 3.15 ~
occC 43 b,29 C 2,57 1.98 . : . .
2 2.56° 2.75 1,48 ' 1,14
3 3.77 3.12 . 2.18 1,68
L 2,52 2,84 . 1,46 1.12 )
5 3.10 3.38 ) 1,80 1,38
6 3.18 3.27 1,84 1,41
Bouy - - ' . ,
cL b,o8 6.8 2,89 2,22
D ' 3.83 L,2 2,22 1.71
D1 3. 50 . 3.91 2,05 1,58
E LIRS 4,49 2.39 1.84
NG6 _ 3.99 4,21 2,31 1.78
E1 ' 3.43 3.67 1,99 1.53
F.. . 2063 1078 : 1052 lol?
G 2.57 2.17 : 1.49 1,15
Light 1 g :
South : 2.52 1.40 1.46 1.12

LA total oraanic matter/1.724

*¥ 4 orpanic C readily oxidizable = (% total organic C) -
(0.77)+ Walkley, 1947

+ thece stations are sltuated between the original 1I-2 and
11-3, and I1I-1 and 1I11-2, respectively, They are :
samples from the dredged canals in the two tributarises, .
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SEDIMINTS -~ DISCUSSION

I, Particlé Size Composition
-The.substrate of Barnegat Bay is most accupately
deséribed as belng sandy. This 1s a fine-gtainéd substrate
with the ioﬁer three sand classes (Wentworth scale)
predomiﬁating. Medlan grain size fends to decrease ffom the
"inlet area towards the maiﬁland (Fig. 5). Abrupt_changeé in
bottom composition occur at about the Intracoastal Waterway
(Fig. &, 5, and 6), |
West of thls transition zone the silt-clay fraction

increaseé until it dominates witﬁin the creeks and at the
mouths of these tribufaries. This ié'probably a function of
the materials being transporfed by the stfeams and settling
'with_a décrease in current velocitieg. [Flocculation may
also be operating on colloidal materials. Eollan transport
of éedimehtafy particles cannot be disregarded, Thoulet |
(1908). using quartz particles. found that a wind. velocity
of 3m * sec -1 was sufficlent to transport particles with a
diameter of 250u. Silt particles of 40 s diameter were moved
by a velocity of only lm * sec™T.

| The deepest portion (3,3 m)_of the area studied occurs
just to the east of the Intracoustal Waterway} Observable
quantities of sllt-clay occur within this deep area.
Precise characterization of this region is difficult bécause

the substrate composition is variable within the central bay
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area, Random bottom grabs obtalned about 10-15 m apart
ranged from a semi-fluld wuterial 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 fractlonate by hand washing.

The widest section of the Bay (about 5.0 - 5.5 km)
encompasses the deep area mentioned above, Transéct'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 éréu the remainder of the Bay 1is
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
maintalning the silt-clay fraction at fair distances from
'their'sourcos. f.e., the creeks, With the increased depths
there is a lésser likelihood of wind-generated currents
disturbing and transporting the finér 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 comnosite parficles. Laboratory_
experiments (Postima, 1967) have shown that a 10 percent
water decrease (from 90 to 80 percent) increases the erosion
velocity from 19 cm °* sec™d to 48 cm ¢ secl. As the

‘substrate'eXpela more water during consolidation. the
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current veloclty necessary to transport it increases,

Postma (1967) indicates that water movement from the 
cénsolidating sediment is irreversible in sands and clays,
Claya (finer than 2u) 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, 1is
conslderable (see Appendix), so consdlidation may be occur-
ring in the deqper areas, \

Another agency which may be operable in maintenance of
the muddy, central depression is the settling lag and
Iscouring lag (Luttmer, 1950) brought'about by the asymmet-
ricai diétance-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 enpugh to
quantify the substrate as belng either silty sand or.sandy
silt (Shepard, 1954), On the sastern slde of the central
depression, with decreasing depths, the sands tdtally
dominate the composition of the substrate. It is within
thig 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
concerniné 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 Bay:

.s.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 1s the amount
of sllt, The amounts of sllt-slzed material recorded from
Barnegat Bay could not bé described as the principal sub-
atrate.component.

Agreement among or between the different years' data
fori.the same stafion is generally good. As mentioned
previously, much of the material greater than_SOOM.diaﬁeter
is primarily.non—sediméqtary.- Variation among the larger
slze (above 500u) classes is more blologlcal than sedimen-
tary. There is no reason tc expect precise agreement among .
the data since the sedimentary compésition is in a dynamic
equilibrium wifh numerous environmental parameters. Sampies
were always obtalned in.July and/dr 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 obgervable within station
'variatioh, -

Materials with a sorting coefficient (So) less than 2.5
indicate well-sorted material (Trask._l932). This pérameter
provides an ihdex of how uniform the substrate particles are
within the central 50 percent slze range. Thus, two samples
may have the same median graln diameter, but vastly differ-
ent sorting coefficlents, The sample in which the firsf and
third quartile (Q; and Q3 in the Appendix) values have a

narrower range will have the lower So.' Thé range of
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substrate particles will he smaller in a Wellfsorted area

because the currents are relatively uniform and the currents
maintaln a more uniform family of particles. The more |
dissimilar the Q) and Qj values, the greater the S  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
. hainland there is a general decrease in the gorting coeffi-
cidnt.. Concomitant with this, there is an inérease in the
skewness (S)) indicating larger'percenfageé of the iarger
gediment particles (sands).

These d;étributional-data are most likely the product
of the current phenomena at the particular location and the
nafure'of the substrate from where the dominating cﬁrrents
:originate. The eastern region is closer to the Oyster Creek
Chahnei and Barnegat Inlet.:so sandé introduced on the flood
"tide should settle out in this area as the currents diminish
below tfansport veloclity. .Finer materlals will be carried
more westward until they too are no longer maintained in
suspension, Inman (1949) has demonstréted that particles of
1804 (0.18 mm) -are the most easily moved. As a result,
particles of this size will be the best sorted, .Referring
to Figufe 3, this is aeen.to be borne out, Hough (1940,
1942) and Sanderd (1958) data agree very well with Inman's
findings., Harrison et., al. (1964) in Chesapeake Bay aLso
seem to agree, although their valuesg are compﬁted.differ-'

ently. By cbnverting Krumbeln'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 utudy that have M of about 1804,
‘but only one 1s described as being well.sorfed. Two others
are moderately sorted, while the last three are very poorly
sorted (terminology and computational technique-for S

Folk and Ward, 1957).

On the mainland side, the creeks act as the main
channels of deposltion., Varying in size and dralnage area,
they collect a varlety of terrigehgus materials; and these
are transported toward the Bay. Much of the western margin
‘consists of marshland. The muds aésociatéd with marsh
- generally have a wlde range in grain size and are more
“poorlyHSOrted than sub-marine sahds (Guilcher.'l963). Marsh
runoff undoubtedly contributes to the larger.amounts of fine
materials (skews the pérticle composition to the fine
particle end). The lower current velocities and éheltered
reachgs along much 6f the mainland side do not permit as
effective a flushing mechanism as found in the open bay
situation, These factors regult in. a more poorly sorted

bottom material along the western side,

‘II. Crganic Material

- Increasing amounts of organic material with increasing
amounts of silt-clay 1is expectéd. Trask (1932) demonstrated
a similar condition for coastal situations, In.the Thames
Estuary (United Kingdom), the finer bottom types contalned

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 conglstently greater organic contents
than the sand stations (nos., 8-12), The data of Harrison
et. al., (1964) show no conslistent pattern betwean organic
carbon content and substrate size composition. Certain sand
stations contain as much or more organic carbon than clayey-
s8ilt stations,

The amount of organic material recorded in Barnegat Bay
1s comparable with the results of the studlies previously
credited., Although the correlation is nbt vgry high ( r =
0.636) between the amount of qrganics and the percentage
sllt-clay fractlon, the generalized tendency relating these
parametefs may be seen in Figure 8, The correlation coeffi-
cient in thie instance 1is significant at the 0,001 probabil-
ity level. The equation determined in regressing Y on X in
this'situéfioﬁ isy = 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 Bgy on the

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

‘itation runoff, 1In this way the western margin has a

greater immediate contributing rource area for organic

matefials than does the more seaward portion of thzaay.
Other factors enter into the amourit of organices

present, Although no attempt in assaying bacterial popula-

tions was made, it 1s probable that the finer sediments



Figure 8, ~Relation between the amount of orgahic_ material-
- -and the percentas,e of sllt-clay in the substrate,
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contained greater bacterial concentrations than the sandler
substrates (Zobell, 1938). In conjunction with the bac-
terial flora, avallability of oxygen can affect the'aﬁount
of organic material. Anaerobic situations coupled with
inorganic sedimentation can maintain an organic material
longer than an aeroblc environment. Stations.within.and

ad jacent to the creeks generally had bottom'materials
premeated with the odor of H»S. Redox potentials were not
meaﬁured. but it is asgsumed that the blackened, sulfuroﬁs
'sediments were anaerobic, These stations typically had the

highest organic content,
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BENTHIC INVERTEBRATES ~ METHODS

1. Fileld

Quantitative estimation of the benthlic invertebrate

population was conducted using the bottom grabs described in

the section on sediment methodoldgy_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 6f seveh éamples per.étation
were pooled on board, These materials were then washed by
hand through nested sorting screens., " Large, immediately
identifliable specimens were hoted 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 obtalned 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.

11. Laboratory
All organisms were identified to %he lowest possible
taxon., Various authorities were used. Among the major

ldentification sources were Abbott-(;954). Mills (1967),
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Pettibone (1963), and Smi‘h (1964), Representative indiv-
lduuls of many of the sperles are stored ag veririéation _
speciméns in the Department of Zoology, Rutgers University,
The density of each specles was calculated for the
sample area and expressed as numbers of individuals per
square meter. In addition to the‘speCies' densities, the
speclies' diversities were aléo calculated for each quantita-
tive sample, 1Two formulae were used in the diversity
calculationss 1) Margalef's (1957) index d = S-1/In N
where S i1a the number of species encountered in the sample
and N i1s the number of individuals; and 2) Shannon-Weaver
(1949) Information functior H' = -ifl_pi"log Py where H'
is the information content and py 18 the proportion of the

i th specles in the community (1,2,3,...1).
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BENTHIC INVERTEBRATES - RESULTS

Taﬁle IV. 1lists the invertebrates recorded during this
study. This register includes epi&.and infauna. All inverte-
brates cabturéd by qualitative and/or quantitative methoda
have been listed; Generic and specific nomenclatures are
. based on the authorities used in initlal identification.
Table V, presents the organisms in taxonomic ranking.

The faunigtlc survey was conducted through the year,
Frequency of collecting was greatest during the spring-to-
fall seasons:-This.skewed témporal 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 VIi. This is a presence/absence listing: a
species was or was not recorded from some area in the Bay
dﬁring that month, No distinction ls made as to Qhethér a
'epecies wag obtained quantitatively or qualitatively,

.'A condensed monthly register of invertebrates appears
in Table VII..Thia table records the actual appearance of
the faunaj; no interpolations ﬁave been genefated.

| A concige presentation of thé-spatial distribution of

" the benthoa'can be generated only by reduclng the resolution
of the individual samples.lsince no two of the 300 collected

samplen were ldentical, a complate plature of the spatinl

arrangement and denelities of the invertebrates could bvae -

given only by a monotonous listing of the individual sample



Table IV, Benthic 1nvertebrates recordnd from Earnewat Bay, New Jerso‘
Collected during thz period June 1655 - Rkarch 1945,

Azquirpecten irradians (Lamarck)
Amathia st, '

Amp2lisca macracscthala (Lilljeboursz)
Anphitrite orna%a (Leidy) '
Anachis avarza (Szv)

Aradara ovalls (Eruguiere)
Azterias forbesi (Desor)
Balanus balancides (Lirnaeus)
Balanus improvisus (Darwin)
Bittium alternatum (Say)
Botryllus schlosseri (Pallas)
Bugula turrita (Desor)

Busycon canaliculatum (Linnaeus)
Callinectes sapidus (Rathbun)
Callipalleras brevirostris (Johnson)
Cancer irroratus (Say)

Caprella geometrica (Say)
Caprella linearis (Linnaeuc)
Carcinus maenas (Linna2us)
Ceretratulus lacteus (lLeidy)
Cerianthus americarus (Verrill)
Cirratulus grandis (verrill)
Cliona celata (Crant)
Clymenella torquata (Leidy)
Crangon septemspinosus (Say)
Craterna pilata (Gould)
Creplidula convexa (Say)
Crepidula fornicata (Linnaeus)
Crepidula plana .(Say) _
Cyathura pclita (Stimpson)
Diopatra cuprea (Bosc)

Drilonereis lorga (Wets*er)
Edotea trilcta (Say)
Ensis direc*us (Corrad)
Epitonium rupicola (Kurtz)
Erichsonella at*enuata (Harger)
Erichsonella filirforais (3ay)
Eupleura caudata (Say) _
Eurypancpeus depressus (Smith)
Gammaridae

Gemma gemma (Totten)

Glycera didranchiata (Ehlers)
Golfingia gouldi (Pourtales)
Grotia comnta (Smith)
Halichondria bowerbanki. (Bu“ton)
Haloclava producta (Stimpson)
Haminoea solitaria (Say)
Harmothoe imtricata (Linnszeus)
Heteromysis formosa (3. I. Smith)

.‘<’

"Hippolyte zostericolor (Smith)

Hydractinia echinata (Flemirg)
Hydroides dianthus (vVerrill)
Idotea baltica (Pallas)
Laevicardium mortoni (Conrad)
Lepidonctus squamatus (Linnaeus)
Leptosynrapta inhaerens (0. 7. MUller)
Libinia dutia (iilne Edwards)
Limulus polyphemus (Linnaeus)
Lumbrineris tznuis (Verrill) -
Lyonsia hyalina (Conrad)

Macoma balthica (Linnaeus)
Macoma tenta (Say)

Ot



(Table IV, contirued)

¥arphysa sanguinea (iliontagu)
- Maldanopsis elorngata (Verrxll)
Memb.aanO;a SD.

Mercenaria mercenzria (Llnngeus)'

detridium senile (Linnrazus)

Microciona prolifera (£llis % Solander)
P

Mitrella lurata (Say)

Molgula manhat*tensis (DeXay)
Mulinia lateralis (Say)

Mytilus edulils (Linnaeus)
Nassarius obsoletus (Say)
Nassarius trivittatus (Say)
Nassarius vibex (Say)

Neomysis americana (S. I. Smith)
Neopanope texana (Smith)

Nepntys in:isa (Malmgren)

Nereis arenaceodonrnta (Xoore)
Nereis pelagica (Linnaeus)
Nereis succinea (Frey & Leuckart)
Nereis virens (Sars) -
Notomastus latericeus (Sars)
Nucula proxima (Say)
Oxyurostylis smithi (Calman)
Pagurus longicarpus (Say)

Palaemonetes vulgaris (Say)
Pectinaria goul<ii (verrill)
Pernaria tiarella (Ayres)
Petricola proladifornis (Lamarc: )
Pista cristata (0. F, mUller)
Pista palmata (verrill)

Podarke obscura {(Verriil)
Polinices dugplicatus (Say)
Polycirrus eximius (Leidy)
Retusa cenaliculata (Say)
Rhithropanopeus harrissi (Gould)
Sabella microphthalma (Verrill)
Sabellaria vulgaris (Verrill)
Sccloplos armiger (0, F. Muller)
Solemya velum (Say)

Sthenelais boa (Johrston)
Sthenelais limicola (Zhlers)

- Tagelus divisus (Spengler)

Tellina agilis (Stimpson)
Tellina versicolor (CeKay)
Tubularia crocea (L. Agassx
Turtonilla sp.

Urosalpinx cinerea (Say)
Yoldia limatula (Say)

Th



Table V.

L2

Taxonomic register of benthic invertebrates

recorded from Barnegat Bay, New Jersey.

PHYLUM PORIILRA (3 spp. )
Cliona celata
Halichondria bowerbanki

PHYLUM CNIDARIA (7 spp.)
Class Hydrozoa (4 spp.)
Amathia sp.
Hydractinia echlinata
Class Anthozoa (3 spp.)
Cerianthus americanus
Haloclava producta :
PHYLUM NENMERTEA (1 sp.)
Cerebratulus lacteus

PHYLUM MOLLUSCA (36 spp.)

Class Gastropoda (18 8PP )

Anachis avara
Bittium alternatum
Bugycon ‘canaliculatum
Cratena pilata
Creplidula convexa
Crepidula fornicata
Crepidula plana
Epitonium rupicola
Eupleura caudata
Class Bivalvia (18 spp.)

Aequipecten irradians
" Anadara ovalils

Ensis directus

Gemma pemma '
Laevicardium mortoni
Lyonsia hyalina
Macoma balthica
Macoma tentsa
Mercenaria mercenaria

PHYLUM ANMELIDA (28 spp.)
Class Polycaeta (28 spp.)

Amphitrite ornata:
Cirratulugs grandis
Clymenella torquata
Diopatra cuprea
Drilonereis longa
Glycera dibranchiata
Harmothoe Imbricata
Hydrolides dianthus
Lepidonotus squamatus

Microciona prolifera

Pennaria tiarella
Tubularla crocea

Metridium senile

Haminoea 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 agillis

" Tellina versicolor
‘Yoldlia limatula

'Lumbrineris tenulis

Maldanopsls elongata
hiarphysa sanguinea
Hephtys incisa

llereis arenaceodonta
Nereic pelagica
Herels succinea
Nerelis virens
Notomastus latericeus



b3
(Table V. continued)

PHYLUM ANMNETIDA, Class Polchaeta (continued)

Pectinaria pouldil Sabella microphthalma
Pista crintata - Sabellaria vulgaris
Pista palmata . - - Scoloplos armiger
Podarke obscura Sthenelais boa

Polycirrus eximius . Sthenelals limicola

PHYLUM SIPUNCULIDA (1 sp.)
Golfingia gouldi :

PHYLUM ARTHROPODA (2B spp.)
Clase Merosiomata (1 sp.)
Limulus polyphemus
Class Pycnogonida (1 sp.)
Callipallene brevirostris
Class Crustacea (26 spp.)

Ampelisca macrocephala - Eurypanopeus depressus
Balanus balanoides . . Gammarldae

Balanua improvisus © .+  Grubia compta
Callinectes sapldus Heteromysis formosa
Cancer {irroratus Hippolyte zostericolor
Caprella peometrica Idotea baltica
Caprella linearis ' Libinia dubia

Carcinug maenas Neopanope texana
Crangon septemspinosus Neomyslis americana
Cyathura polita ~Oxyurostylis smithi
ldotea triloba : Pagurus longlcarpus
Erichsonella attenuata: = Palaemonetes vulgaris
Erichsonella filiformis - Rhithropanopeus harrissi

PHYLUM ECTOPROCTA (2 spp.) .
Bugula turrita ' Membranipora sp.

PHYLUM ECHINODICIRMATA (2 sp .)
Class Asteroidea (1 ap.g
Asterias forbesi
Class Hnlothuroidea (1 sp.)
Leptosynapta inhaerens

PHYL.UM CHORDATA
Subphylum Urochordata (2 spp.) :
Botryllus schlosseri Molgula manhattensis
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(Tavle VI, ¢ ntinued)
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(Table VII. continued)

Species J FM AMUJJ A SO NTD

appeared during elght of the twelve months

+.

Bittium alternatum +
Cliona celata +
Clymenella torquata +
Creplidula convexa

IEnsis directus )
Eurypanopeus depressus :
Grublia compta .
Hippolyte zostericolor +
Hydractinia echinata

Nassarius obsoletus + +
Rhithropanopeus harrissi =+
Sthenelais boa

++
S+t o+

PR

+ A b+t E o+

4+ 4+ 4

+ +
++ 4+ +

+

+++ 4+t
N R EE R
FH+ 4

R E R R

+ 4+ + +
+

+

3
[}
3
[
=3
@

appeared during seven o the twelve

+

Botryllus schlosseri + +
Caprella geometrica + 4+
Cirratulus grandils e +
Crepidula plana

ibrichsonella attenuata
Gammaridae : +
Gemma gemma -

Mytilus edulls

Nereis pelaglca

Nerels succinea ' +
Pennaria tiarella

Tellina versicolor + +

4+ 4+ 4+
++ +

+ 4+ +

++ +++ 4+
<+
+++++F++
+

+ +
+++++EFEE 4+

T E R R

+

T+ + 4+

+++++
+

appeared during six of the twelve months

Anachis avara

Crepidula fornicata o+
Lumbrineris tenuls +
Microciona prolifera
Nassarlus vibex

Petricola pholadiformis + o+
Pista cristata : ‘ ' +

+
+

+++

+ .+
+

+ + +

++ 4+ 4+ ++
+++++++
+++++++

++ +

appeared during five of the twelve months

Balanus improvisus o+ + +

Lepidonotus squamatus + o+ + + +
Polinices duplicatus . + _
Sabella microphthalma + ' + + 4+ o+



(Table VII. continued)’

Speclas " J FM A M J J

appeared during four of the twelve months

Aequipecten irradians _ + +
Callinectes sapldus ' +  + +.
Caprella linnaris e +  +
Cerianthus americanus | - ' + +
Epitonium ruplcola + +
Golfingla gouldi o+ + +
Heteromysis formosa o S +
Libinia dubila + + 4+
Macoma tenta - + +  +
Nephtys incisa + +
" Nereis virens B

éppeared durlilng three of the twelve months

Anadara ovalis . : + +
Callipallene brevirostris : + +
Macoma balthica : + +
Neomysis americana o+ + +
Nerels arenaceodonta : +  +
Pists palmata .

Podarke obscura ' +

Sabellaria vulgaris +

appeared during two of the twelve months

Amphitrite ornata + +
Busycon canaliculatum +  +
Cerebratulus lacteus + o+
Cratena pilata +
Edotea triloba + +
"Haloclava producta + +
Haminoea solitaria

Metridium senlle

Tagelus divisus +

appeared during one of the twelve months

Amathia nmp,

Balanus balanolides

Drilonereis lonfa _

Cancer irroratus +
Carcinus maenas :
Limulus polyphemus : +
Marphysa sanguinea

+ 4+ +
+++ +++++++

++ +

+++
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" "Table VII. continued)

Species J FMAMUJIJ A SONTD
. (one appearance, continued)
Nassarius trivittatus + .
Nucula proxima , - +
Oxyurostylis smithi +
Polycirrus eximius ' +
" Tubularlia crocea T +

Yoldia limatula - : o +
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" tabulations,

Pooling of all the data, estimation of grénd means,
standard deviétions. L,s,D,'s, etc,, would condenge the
volume of data, but it 1s the author's feeling that such
treatment would be inappropriate in this study. Such sta-
tistical manipulations could mask the natural variabilityl
among different regions of the Bay and the infrequently
encountered, or rare, organisms might Ee entirely deleted in.
such a gross treatment,

A compromise between a compléte listing énd a very
condensed presentation has been attempted here. Tables
VIII.'and IX. present the spatial.distribution af &he
behthos 1n a‘"patchwork” fashlion, The poaitiohs listed
correspond to the major sampling statlons within the Bay;
All of the collections made at a_ﬁafticuiar slte haVe been'
pooied g0 the total volume of data ls 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 cdmposition is complete,

Tablé VIiI. preéents total (qualitgtive and quantitative)
appearance at a site, while Table IX. includes only quanti- -
tatiyely derived data, Graphical representation of these
data appears in Flgures 9 and 10 respectively, As may be -
seen from the data. there are_many'specias which appeared
infrequéntlx.fThe 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 quant'itative)' number of
' invertebrate sprcies and the frequency of their
appearance at major stations in Barnegat Bay.



Figure 10. Number of inve. tebrate species recorded quanti-
tatively and the frequency of thelr appearance
at major stations in Barnegat Bay.
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Tatle VII.Spatial distributicn cf bea:tni:z invertekbrates in 2arregat Bay,
. New Jersey. Numter rf aprearances are-bvased cn bein qualita-
tive and quanzitative daseas,
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(Tanle “TZ. centinued)

GIADRATL oe ll' 12A 148 - 15B 15C 1/4A 17¢c 21D
LOCATION Lt. 2 Lt. 1-S. Bruy Cl Bouy D Bouy E Beuy D1 BOUZ G Becuy F- Trans,.
NO. 3SMPL. DATED 10 7 B 6 11 12 1 14 7

Speries . Number cf Artearances

Caprella
gae-me-.rica

-\~

Car-inus maenas

Cerabratulus
laczeus

Cerianthus
americanus . 2 1

Cirratulus grandis : 1 ) 1
Clicna celata 3 ' 1 B! 1
Clymenella torquata 1 3 3 2 5 5 2 6 1

Crangon : :
septemspinosus ] 7 2 1 6 5 & 9 1

Cratena pilata

[
\

Crepidula convexa LI 1

Crepidula
fernicata

Crepidula plana
Cyathura polita

)
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n

e
NN
AN N =

Dicpatra cuprea 1 b) 2 7 6
Drilonereis longa ' 1 2
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A I I Y
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(Tavle v =1.continued)

QUADRATE EC 11 12A 14B 153 15C 174 17C 21D 224 . 228 23D 22D
LOCATICN Lt. Lt. 1- Bouy Cl Bouy D Bouy E Bouy DI Bouy G Beuy F Trans. I-1 Lt. 4% Lt. 12 Lt. 3 J Bsuy
NO. SMPL. DATED 10 7 6 6 1 12 1 14 7 1€ 1 7 T
Sg=ties Ruzter of Aprearances

Edc--ea trilcta 2 )
Ensis d:rectus 2 3 2 1 2 1 3 2 1 4 b) 2
Cplianium

romiccls 1 1 1 1
Lr.nsenella

attenuat*ta 2 2 1 1 2 2 2 1 2
Erizns-nella

filifcrmis 2 6 2 1 5
Surleura caudatn 2 1 2 3 2 7 L 3 12 &
Euryrancpeus .

depressus 2 1 2 2 1 1 4 1 2 1
Gammar‘dae 1 1 4 2
Genma gemmn 1 1
Glvycera )

dibranzniata 2 1 2 5 5 7 K 7 2 3
Gelfineia g 1ddl 1 1 1 . 2
Grutia zompra 1 2 2 1 4 b4 3 & 1
Halichandria

teweroang! 3 1 4 1 1
Hal~zlava proeduceoa 1 o



(Tacle vIZ.centinued!

QUADRATE &l
LCCATIZN t.
NO. SMPL, DATES 10

152 174
£ Beuy D1 Bouv G
12 1k

Idctesa baliica G
Laevizardium

morheni 2
Lepldcnaus

squamatus 2
Leptcsynagpta
innaerens 1
Lumbrineris

tenulis 4
Ly-nsia nyalina 3

NumZer ~f Arvearanc

n

ny

1Y



(Table "T=. continued)

QUADRATE EC 11 154 148 ‘153 157 17a 17c 21D A 222 23D

LOCATICN Lt.2 Lt. 1-3, Bouy Z1 Becuy D Bcuy £ Bcuy Dl 3ouy G Beuy ¥ Trans. I-1 Lt. & [t. 12 L:. 3 J Zouy
NG . SMPL, DATIS 10 7 1) 6 - 1y 12 14 14 T 1z 7 T

Sreztie Numtar of Aptearancecg
Mazrma “enta ) ) 2 ' 1 1 . 1
Marprysa sansulnea . o1 1
Maldarcps:is )
elongata 1 > > L 2 2 1 3 3
Memtraniperae sc. ' 2 1 3 1 1 3 1 L 1
Merzcenaria .
mercenarta 2 2 2 1 1 6 1 1 . 7 2 5 3
Mecridium senlile 1 1 1
Mizrrcinna .
prelifera 4 1 1 1
Mitrella lunaia T 5 2 1 3 4 10 5 1 a 1 1z 3
Molgula ) ’ ) . .
mannaztensis 4 . 1 3 1 Y c by
Mulinia lateral:s b 1 4 1 4 4 1? 5 € 10 1 11 4
Mytilus edulis . ' : 1 1 1 2 3 1 7 1
Nassarius '
obanletus u . ' 1 1 3 1 7
Nassarius
trivittatus 1
o~

Nassarlus vibtex _ oy > R4



(Tadle "I. continucd)

QUADBATE 8z 211 12A 148 153 ‘15¢C 17A 17¢ 21D 224 22B 23p 2:p
LOCATION Lt. Lt. 1l-5 Bouy Cl Beuy D Bouy E Bcuy DI Bouy G Bouy F Trans. I-1 Lt. 4 Lt. 12 1Lt. 3 J Becuy
NC. SMPT, DATEC 10 7 6 6 11 12 14 1 7 1€ 7 7 T
Sprexlas Numcar of Aprearantes

Nermysls americana 1 1 1 2
Necrannpe sexann 5 7 2 3 6 4 6 7 3 6 3 6 4
Ne;n:yé inclsa 1 ) ' 2
Nerels

arsnacecdcnta 1.
Nerels pelagicza 2 h 2 3 1 2 2 3 2. ()
Nern:3 suzcinea 2 1 1 3 3 1
Nereis virens ' 1 1
Netamastus }

la*t2rizeus 1 2 2 .3 € k- 3 3 5
Nucule preoxima 1
Oxyursstvlis

salcnl 1 1 2
Faguris

lenmizarpus: 2 2 2 2 1 7 1 1
Palaemcres2s _ '

vilgaris “ 2 1 3 2 3 1 3 1 7 3
Pertinaria geuli.l 4 2 3 6 5 g 7 7 5 10 k 12 4
Fermaria tliarelln 1 1 2 2 2 1 3 1 1. 3 2

€9



11 1A 143 15 157 17A 17¢C 21D 2ZA 22z 23> 23z
2 Lt. 1-S. Beuy Cl. Bcur D ur £ Bowy D1 3Beuy & Bcur FoTrans. I-1 LT, 47 Lt, 12 Lu. 2 J Bcuv
7 c Z 11 12 1= 14 7 12 7 T 7
' ' Numtar ~7 Argearances
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Tadle 7Y, Spa%ial distributirn cf benini~

invertebrates n Rarnesat Rav,
New Jerse:..

Number ¢ apyearantes are hasel orn onuan

tative 3ata.

N.S.D.:Number 3a=mpl L:Liznt B:3 uy TiTransent FRT:Frrvzel Siver Tnanrel CZZ:Cyster Cree« (Channel
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(Tadle X. centinued)
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{(Tatle IX. continund’

QUADRATE H

LCCATION L
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(Table X. cont'nued)
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(Table X. continued)

el 11 124 143 158 “18¢C 17A l7¢C 21D 22A 22A 223 2247 22D 22D 239
L2 L1-3 BCl BD BE BDl BG BF 'TI-1 L4 FRC L1l2 <TIII-1 JB L3 oOCC
3 5 —4 =2 5 5 P S W7 Ts5 T 1. 5 1z %
Numser of Arpearancas
1 2 1 5 5 5
1
1 1 2 1
1 1 1
3 4 1 1 i 2 1 1 1 1 5
Nepntys incisa . _ 2
Nerels _' .
pelagicza- 1 2 1 1 1 1 1 1
Nereis’ ' : _ :
suzcinea 1 -1 2 . 2 3 1l 1 2
Nereis virens . ‘ 1
Notomastus _
latericeus 1 2 2 3 4 4 3 b 3 5 1
Nuzula prexiza 1
Ox;Nircstylis
smitni 1 1

174



(Table X. conttinued)

QUADRAT B 1
LCCATION 2
N.S.D. 5 . 5 y 3 5

21D 224 22 228 23a 23D
BF TI-1 L% FRC L12 T 1III-1 JB

Stvazies

Palaamcnetes
vulzaris 1

Peztirar.a
gould:is : 4 2 4 3 4

Perraria -
tiarella

Petricola
pacladiformis 1 1 1

Pista cristata

~a palma:a

Reztusa

caraliculaza 1 -2 1 2
Rhithrcoanope:s

harrissi 2

10 11 4 14 7 5 7 5

Humber of Apnearances

1 1 1 ' 2

T 6 3 10 6 3 1 4

12
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(Tanle XK. crntinuet)
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%

frequently appearing organiwms are listed with their
observed density (number/me t.erz) ranges and an average
density valge 1n_the'Appendix. Table 11,

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;



Table X,

Calculated species diversity indices of
locatlons in Birnegat Bay, New Jersey.

MiMargalef

Ii1Information

75

NO. STD.
IOCATION QUADRATE INDEX RANGE SAMPLES MEAN DEV.,
Bouy Cl 138 M 1.18-2,71 9 1.99 0,62
I 2.20"3.“2 . 1..89 0.51
Bouy D1 15C M 1.50-2,21 14 1.72. 0.26"
I 1.23-2.83 2,23 0,80

Bouy E 158 M 0,80-2.61 10 1,41 0.78
1 1,71-2.87 2,28 0.56

Bouy F 17¢ M 0.33-2, bl 19 1,56 0.55
I . 0,71-2,50 1.58 0,54

' Bouy G. 17A M ..05-2.93% 16 1.84  0.43
I 1,70-3.11 2.57 0.ub

Lt. 1-So. 11 M 1.86-2.98 14 2.45 0,52
. I - 2.27-3036 . ’ 2-68 0.’40

1-1 2100 M 1,31-1.91 13 1.65 0.27
: ‘ 1 2,25-2.93 2.59 0,29
11-2 228 M 0.92-2.57 . °'11 1,81 0.7
1 1,05-3.11 2,23 0,94

FRC 22A M 0.29-1.94 12 1.15 0.58
I 0.90-2,66 1.63 0,62

1I-3 22A M 0.,46-2,65% 21 1.73 0.56

' 1 1.66-3,28 2,28 0,50

Lt, 2 8C M 1.57-2,73 13 2.12  0.51
. I 2.11-3013 2'71 0043
I1II-1 23A M 0.33-2.45 12 0.88  0.76
I 0022"'2.31 1013 0.?8

occ 23D M 0,58-2,47 8 1.3 0.79
. I 0.88'3.01 1-83 0'93

111-2 23D M 0.47-4,99 25 1,91  1.05
I 0,76-3,36 1.98 1,09

J 23D M 0,94-2,17 13 1.85 0.51
I 1,76-2,74 2,36 0,90



76

BENTHIC INVERTEBRATES - DISCUSSION

I. Predominant Organisms

Tabulatian of the 304 quantitative, benthic samples ob-
tained during the study showed that very few sﬁecies appeard
at most of the sampling stations throughout the investigated
area. The probnﬁility of encountering a natural community
in which the-Componént species are infradispérsed (Slobodkin
1966) both intra- and'interspecifically. is, most likely, |
highly remote., Specific comﬁonents 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/% or more of the samples, An amplified presentation of
distributional hetérogeneity is presented in Tables IX and
X, Ordinatlion of specles appearance for total sampling
(qualitati&e 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



Tadle XI.

quantitatively,

SPECIES
‘Tellina agilis
Pectinaria gouldii
Cyathura polita
Mulinia lateralis
‘Glycera dibranchiata
Clymenella tof@uata
Maldanopsis elongata
Diopatra cuprea
Eupleura caudata

Nassarius obsoletus

QUANT

NUMEZR OF
ITATIVE ATFZA

217
187
165
152
147
100
100
84
65
58

Ten most commonly found tenthic inv

tezrates taken

s

L

LL
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ufilized i -~veral sampling dates, lto collecting
officlency was not known and field trials to determine
repeatability within the same area gave extremely varylng
resulto._ |

The'frequen¢y of co-appearance among the 10 most common
upeciea is presented in Table XII. Of the ks possible com=-
binations between any two spocles, the greatest observed |

incidence of collecting a specific comblination was a u5x_

_ co-appéarénce between Tollina agllis_and Pectinaria pouldii,
This value 1is only slightly above (+1,7%) a predicted.
independent occurrence of ooth, Actually, most of the
recorded co-appearances égfee very well with predicted
occurrences, Aesociatidhs'among the'épcciés were calculated

with.a X2

measure using-Yates!'éofrectiqn. The results of
@hese'calculations are pfesented in Table XII1I,

.Sinée there is on1y one degree of freedom, any value in
Table XI1I. 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
associatlions 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 viewpoinf the significant associations wduld imply
that the speciee in question are either compatible or 1ncom-
patible under the existing environmental conditions,
Obviously, those organisms which have a greater overlap

among their tolerance limits might be expected to co-occur



Table XII,

Frequency of co-appearance among the ten most common btenthic inver<s-

brates,.

percentages,

Values belcw the dividing line are the nurber
based on a total of 30% samples; values atove the line

o — -
of cc-zarpear=z-

are the respectiv

23
3
1

N

o - P

- -] ©m o

— < « o o, po | ¥

o | & | 9 - o [} [} o [ «

j = = L 3 19 C ot B = =

[+4] = « © B o] o C o ol -l

g o o ) S\ = pot a o -

—~ > -t = — o - o o )

[ O (] [<3] [&] = = = a., =
Ciymeneila 23, 16.6 5.7 21,3 12.6 16,7 2.3 22 25.0
Cyathura 72 16,1 9.2 32.7  20.1 27.0 8.0 35. 49,2
Diopatra 51 S 3.5 18.4 14,4 14,4 1.1 18,9 2.3

" Eupleura 17 28 10 15.5

Glycera 65 100 56 3.1
Maldanopsis 38 61 Ly 18,5
Mulinia 51 82 Ly 42,2
Nassarius 7 24 3 £.3
Pectinaria 70 . 119 56 e, b
Tellina 79 122 65 119

64



Table XIII.

‘Cozputed 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 prcbability level or greater) appear above the diagonal line,

Clymenella
Cyathura
Diopatra
Eupleura
Glycera
Maldanopsi
Mulinia .
Nassarius
Pectinaria

Tellina

Clymenelia
Cyathura
Diocpatra
Eupleura
Glycera
Maldancpsis
~Mulinia
Nassarius

Pectinaria

Tellina

0.28! 0,000 0,094 0,005 0,851 0.778 0,790 5,640

2.128
9. 584
0.104
2,615

0.290

0.009 | | o o +0,03
3.123  0.627 4,092 0,000 0,539 2,140 0,742 _
0.445 0,906 0,209 0,222 0,365 'o;hbs b, 491 -1.331

' 0,040

-0,02

e6L
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more frequently than entitles requirihg differeﬂt envifon-
mental parameters, Biologloally, thdae.forma which are able
to partition the environment and thereby reduce competition
be tween themsélves would be expected to co-occur more than
~severely competing-apecieg. Four of these groupings are
positive, The two negative éseociatione involve Nassarlus

obsoletus, One is with Diopatra cuprea; the other is with

Tellina agllis,

N. obsoletus is a deposit feeding grazer, commonly
associated with mud/sand flats, In.this study the anaii was
most commohly.found in the ellty substrates of the creeks
‘and rivers along the western margin of the Bay, Within.
these reglons the snall achieved its greatest densities.
(Fig. 11) and frequently was the only organism recorded in
the very fine éediments. The high levels of organic
materials fodnd in the finer subst:ates (Table 111.) 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 assoCiatéd with the accumulation of decaying
- material, Possession of a highly flexible siphon is a
"morphologlcal adaptation which permits Hassarius to exist
within reducing substrates whlle inaintaining communication
witﬁ the overiyiﬁg water. Another possibility that might
help.explain the absence of other forms in the creeks is the
- sultability of the substrate for the metamorphosing larQae.

Possibly, the quality of the gubstrate in these low current



'Figure 11,

Obgerved densities (ordinate) among major
infaunal inverteYrates in relation to the
percentage silt-clay (abscissa) composition

- of the substrate.
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areas prevents establishment of larval sets of many other
common invertabratgs. Even if larval gettlement is succeée«
ful, continuance might be prevented by ingestion of the

newly metamorphosed 1ndividuale by the dense congregations

.of Nassarius (Schéltema.-1961).

- The onuphid, Diopatra, has reportedly been dredged on
all types of bottom (Pettibone, 1963),. However; this '

polychaete was recorded only once from the very fine sub-

. strates of the creeks and thelr immediate mouths. Being
. ~carnivorous (Pettibone, 1963), the worms might not be presert
" in the same areas as Nassariug 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 Téllina in thls study agrees with
puﬁlished data. "Fine or muddy sand"” is the desqription of
the Syétematics-Ecology Program at Woods Hole (Smith; 1964),

Lee (1944). in the firet gquantitative 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) 1ist Tellina tenuis (daCosta) as inhabiting fine

sand, This species 1s not comparable in habitat with T,

agilis., However, I, fabula's distribution is similar to

 2. apills (Ansoll, personal communication) and it (T.

fabula) is a fine sand species also, Based on these
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distributional descriptiona, the negative a_nsociation found . ‘
bepwegh Eg§§3£ig§ and Tellina is not_surpriﬁing. lellina
did occassionally appear in the Nassarius areas, but the
-_claﬁ’s densitles were always vefy-low (Figure 11) in thesse
.areas., o
-_The_poeitive associations, recofdéd among'the mogt
‘common inféuna; 1n§olv§d primarily those forms taken between:
: 2?—50% of tho‘stations sampled (Table XI), with the excep-
tion of Pectinaria (61%). On a bay-wide scale, 50%
'appearanée_(actually, the capture) of an or;.anism may hot
be particularly impresaive; however, when fhé appearance and
co-appearances are ordinated, an ihteresting 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 XII1) Diopatra-Maldanopsis

association.also occurs more freguenily in mud substrates.

The Mulinja-Pectinaria groupihg appears on.a much wider
range of substrates, i.e., this co-éppearénce extends
significantly into the sandy portions as well as within the
muddy areas. . _
_Quaiitative description of a parameter is generally _
ambiguous since the asbects of a qdality are relative, For
brevity, however, Barnegat Bay can be described as a soft-
bottomed lagoon. No solid substrates (viz, "rocks".) were ' ‘

encountered durlng the study. A couple_of presumed oyster
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reefs or beds were locateﬁ. but these have been covered by
sedimentation, The soft bottom varies from "sandy” to
"muddy."” Partlicle slze analysis is presented ln the appens...
dix, | |

Distribution of the major invertebrates follows the
.sediment type rather well, Table IX has beén divided into
"sandy* and "muddy” areas, This division and the most
commonly'encountered animals are presented in Table XIV, 1In
addition to the counts obtained at the station pfOper. the
" data from adjacent positions are included within the
results. These additions represent samples that were taken
at varying dlstances removed from the station position but
still within the general station area,

Initial splifting of sand vs. mud substrates was
empirically conducted. Other than generalized locations
(western side 6f 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 X1V are.equally
divided between the two gross substrate types. Sandy areas
contain 15% or less of the silt-clay fraction, while the
muds have a minimum of 20% 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 50% of the times the

statlon was sampled. Most of the benthic forme listed had -



Table.XIV. Comparison of sand and mud stations and associated infauna,

Lilicht B:Bouv

S AND

QUADRATE
LOCATICHN

NO. SANPLES

It

11
l1-s°
11

C
B D1
0

174
BG
15

17C

B F

16

22A

21

230
13

=N
v O

o

Ampelisca
macrocarphala

Crargon
septemspinosus

Cyathura polifa
Ensis directus
Glycera dibranchiata
Eupleura caudata
Idotea balticu
Mitrella lunata
Mulinia lateralis
Necopanope texana
Pectinaria gouldii
Scoloplos armiger
Solemya velum
Tellina agilis

. 88



{Table X1V, cdntinued)

FRC:Forxed River Channel OCC:%ﬁgfgr Creek Charnel
QUADRATE 13A 158 158 21D 224 223 23A 22D
LOCATION B Cl B D B E L 1-N FRC 11-2 ITI-1 0CC
NO., SANMPIES 9 7 10 13 12 11 12 8
Cirratulus grandis | +
Clymenella torquata: + .+ "
Cyathura polita + + + + + +
Diopatra cugrea + + -
Eupleura caudata +
Glycera dibranchiata + + + +
¥aldanopsis elongata + + +
Mulinia lateralis + + +
Nagsarius obsoletus + o+ +
Pectinaria gouldii + + + +;

68
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75-80% encounters., Lower 2ncounters represent statlions not
" sampled very héavily.

" A condensation of the animals associated with the
different bo ttom types appears in Table XV, Here the most
common specles arellisted according_fo their reépécfive'
frequencies of appearance. Certain species wﬁich are - |

included in Table XIV are not listed in Table XV because
1theée were not well represented in several quadrates.
Therefore, each speclies listed in Table XV was quite common.
in at least two quadrates (sand environment) or three quad-_.
.rates (mud environment). : |
Ingpection of Table XV ahows.that only one specigé is -
common to all sandy Quadrates. This is the lamellibranch,

Tellina aglilis., In addition to appéaring'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 éxaminations. Frequently,
Tellina is recorded from only one'quarter of the quantita-
tive samples or less. At Light 1 North (quadrate 21D)
Telling was captured.only once by quantitative means.
Tellina is the most characteristic infaunal.organism
for the gsandy portions of the study area. Numerically, the
small clam was relatively abundant with a grand average
- densify of 86 individuals/m2 in the sandy loca{ions. The
greatest recorded average density was 204/m? taken at BbuyP
Bouy D.had an average density of 40 animals/m?. Some indi-

cation of the overall variability of counts may be seen from



Table XV, 1ozt cor

orly associated infaunzl inverietrates within the two principls
subsvratD tyras, S
ANTMAL FREQUENCY OF APPZARANCE™
Sznd Environrint o :
T Quai, B2 11 - 15 174 17¢ 22 235. . 235
Tellina apilis 10,13  1C/i1  13/1% 16/15°  15/19  1g/21  2i/Z5 12,13
Mulinia lzteralis 8/13 ¥ % 13/16. 14/19 17/21 17/2¢ K :
Pectinaria geuldii 9/13 % *. 11/16 % - 16/21 2)1/25 /13
Cyathura polita % ® % 12/16 % 14/21 * /13
Glycera didranchizta * ® 12/14 % # 12/21 ® LN
Fud Environment: o ' -
134 143 153 21D 22: 223 234 23D
. Cyathura polita. B/S /7 7/10 * 9/12 7/11 « 6/5
Pectinarin pouldii 8/9 6/7 * 10/13 10/12. # * 7/38
-.Glycera dibranchiata % 6/7 * 8/13 " 8/12 # 7/12. =
Clymenczlla torguat 6/9 * 10/10 9/12 * ® #®
¥aldanopcis 1or3u4“ ' 7/9 # # 7/13 12/12 % i % @
Fulinia lateralis 6/9 # ® 9/13 ook * 6/12 %
Nassarius obsolatus * ' * ® ® 11/11 12/12 7/8

0% of the time.,
f samples

M ot
O W

+Nunber of tl'ﬂs_recorde
1 Light 3; I1I-2
2 Zouy J

16'
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the scatter of points in Fipure 11,

Both the lamellibranch Mulinia lateralis and the

polychaete Pectinaria gouldil appeared régularly within five-

of the sandy quadrates (Table XV), The'isopod Cyathura

' polita was taken less frequently ih oniy three quadfates.
.These:three species occur frequently endugh'within the muddy
~quadrates so that.they are included among the mbst'commonly

encountered fqrms there also, Based on these dist:ibutional

data, it might be advigable to use only Tellina agllis as an

indicator species for sand substrates, at least in this

study,

Peptlnaria rouldii ié widely disfributed 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, Pectiharia would.be a
poor cholce as a substrate—fype indicator; The observed
densities recorded from the 10 quadrates reveal a greater
density of worms in the muddy than in the sandy regioﬁs
(107/m2 vs. 6?/m2 respectively)._ However, there is no
significant difference between the two values due to the
wide varlability among density counts at stations (Fig. 11).
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/
“m? in mud_and 88'animéls/m2 in sand, Since this polychaete
ig widely distributed throughout the sampling area, it

would seem loglical to suggest its being used as an indicator
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organism to monitor bollution. Eecauée the animal appar-
entiy can exist within a range of sediment types; it could
gerve as an index of environmental change other than
sediment change (poasibly caused by scouring or altered
sedimentation patterns).

The wide-spread -distribution of Pectinaria found in
this study is in agreement with Stickney and Stringer
(1957). The greatest concentrations were found in sediments
intermediate in theif silt-clay/sand composition, .Sanderq

(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 detérmining its distribution is the
aﬁount of organic matter present in the substrate,

Table XVI shqws that this is not true, at least frqm the
data obtained in this study. The denslties 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 18 not the quantity of organic
material that determines a particular species' spatial
dietribution. Local variations in organic constituents and
the relative availabllity of these td the organism may exert
more influence 6n the animal's positioning than the amount
of organic material per se. Sanders (1960), based on some
preliminary data, éuggested that quaiitative organic differ-

ences between different levels of substrate might assist in
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Tablu XVI. Relationship between Pectinaria dlstribution : .

and amount of organic matter wIthin substrate.’

Mud Sta, » No , /m? Sand Sta. * No,/m?
1i-2 8,02 12 Lt, 2 3.73 7
II1-1 - 7.45 Lio Bouy D1 3. 54 328
occ 7.06 128 11-3 3.25 97
1-1 5,24 92 Bouy J 3.11 58
Bouy Cl L,98 . . 16 Bouy F - 2,63 33
 FRC 4,15 279 Bouy G. 2.57 11
Bouy E 4,13 52 111-2 2,56 165
Bouy D . 3.83 22 Lt, l-So, 2.52 10
¥ = 126 % = B8
'Major étations Only
~ Position Qensltg quition Density
Bouy Cl ' 16 111—2 165
Bouy D 22 11-3 9?7
I-1 92 Bouy J 58
FRC 279 Bouy G 11
0CC 129 Lt, 2 7
% = 107/m2 |

y=y+b(x-X) =ym= 107 50 + 19,13(x-4, 29)

r = 0,27

*Percentage Organlic Matter

X = 67/m?

Tm2sA3 e 19
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explalining deposit-feeders’ distribution. Unfortunately,

‘there have been no followup articles to this interesting

hypothesls, 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,
odcasionally being found in surf-stirred sand (Smith, 1964),
Sanders (1956) found Mulinia widely distribﬁted within Long
Island Sound. From his data the greatest concentration
occurred af an area with about 25% ailt—clay:(station S

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

found at silt-clay values ranging from 20-k0%. If Mulinia

-was preégnt in the first Buzzards Bay study (Sanders, '1958),

1t must have accounted for_lessﬁthah 1% of the population

| since”it was not listed.: Twelve indlyiduals were recorded

from the R station during 1956 and 1957 (Sanders, 1960},

These represented 0,08% of the fauna by number, Sginders

et, al, (1962) and Hanks (1964) do not include Mulinia.among'

their speclies 1lists, In the Mississippi Delta reglon,
Mulinia has been found chiefly in silty sénd. sandy silt,
and clayey silt (Parker, 1956);. Jackson (1968) reported a
substantial population (108 individuals/mz).Within an
intertidal mudflat in Conﬁecticut. but_proﬁided no Quantifi-
catlon for the "mudflats" sedimentary composition. This
location is interpreted as being toward the mud end of the
éedimeht spectrum since Jackson includes a statement con-

cerning Mulinia's abllity to exist in areas of high s8ilt-
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élay cnncentration,

Although thls mactrid appears to be mure Wjdenpread in
the nandy (flve quadratde) arocas, it is numerically greater
in the muddy stations (three quadrates appearance). Average
values for the two substrate types are 74/m¢ (mud) and
bl/m2 (sand). Typically, muddy bvottoms are assoclated with
reducéd_current veloclities and such conditions characteris-
tically do not support suspension feédefe to the same degree
as do sandy areas., FPerhaps the ekisting currents can move
gome of the surface detrital material into suspension, and
the suspension feeder (Mulinii in this case) can utilize
this féod source, According to Hayes (1964) and Sanders
_(1960), the uppefmost iayer in very muddy areas lis é gemi-
fluld, flocculent layer. Prior to consolidation such
material would be put into.suspension by relatively low
velocity currents.

Cyathura polita is the most widespread of the infaunal

species within muddy ar.as (six of eight quadrates repre-
sented). This 1sopod also appeared within three of the
sandy.quadratea at least two-thirds of the times sampled
(Table XV), so this is a widely distributed form. Harger
(18?8) described the distribution of Cyathura as ". . .
usually found in eelgrass or.mud in shallow wateré." The
only verification materials féund from Haréer's Qork-were.a'
few slides labeled "from mud” (milier & Durbanck, 1961),
‘Within this same work, Miller and Burbanck (1961) indicate

that Cyathura can generally be found in areas of demarcation
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between Spartina and Typha which are characterized as sandy
substrates being matted with roots. I : o
~Burbanck, in hls rather extensive work dealing with the
isopod, describes the substrate associated with Cyathura
populations as follows: |

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

subgtrate 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)

mich or little sand . . . stable substrate . . . sandy

mud which contains enough natural coarse material to

become firm (1962)

Examination of the above substrate descriptions revéals
a consistent pattern concerning the sfability.of the
sediments, Even though the qualitative aspects vary among
tﬁe described sites, they could all be identified as being
relatively stable, Since Cyathura is a burrowing (horizontd
more than vertical) form, the stability of the substrate B
. probably 1s an important aspect of this animal's bilology.

Sandier areas are associated with increased current
velocitles, and these might effectively carry away the
‘isopods. If the animals were not directly eliminaﬁed. 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 1s the reduced amount of organic matter, Again, the

greater currents assoclated with sand areas do not permit

settling of the finer detrital particles. This,
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theoretically, could stres:s any Cyathura present since they .
appear to be detritus-algae feeders (Burbnnck. 1959). | o
However, within this study the data do not warrant such a
conclusion. While those sandy q;adréteé at which Cyathura
appears do have lower organic mattér content (Table I11)
~than the muddy stations, there is no significant difference
in the grand averages of Cyathura densities (hudzzu'
organiémé/m2 ve, sand|27/m2). Such valges are far lower
than.those described by Burbaﬁck (1959) in New England with )

averages of about 1000/m? increasing to UQOO/m2 during

breediné. These results are even considerably lower than

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

The low valuea.recdrded within this study are consistent

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

The third most widespread animal in the muddy quadrates

is the bloodworm.-Gljcera dibranchiata. This polychaete

N

also appears in the sandy quadfates. but it is not as
spatlally widespread in the sand, In their study of the
bloodworm, Klawe and Dlckie (1957) noted increaelng densl—
ties of the worm with increasing softness of the substrate.
The data of Stlckney and Stringer (1957) are in direct
contrast with thls, 1In the Creenwich Bay study the greatest
densitiés.of Glycera occur in sand bottom stations (Nos,
8-12), Klawe and Dickie nofed an absence of the polychaete
in the finecst subatrate (no quantification). This 1is ' . :

perhaps corroborated by Stickney and Stringer's findings
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since the sllt, sandy-silt stations harbor_the'lowest
densities of Glycera, -Onu aspect of the Greenwich Bay study
which may have greatly influqncod the distribution pﬁtterna
was the presence of'eewage and indugtriai vastes which
entered at the western end of the Bay. The présence of
thege 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 suﬁstrate in the western portions
- of the Bay might be due to the above effluents,

In Long Island Sound (Sanders; 1956), Glycera was most
.dehse (23/m2{ in an area quantified as 89% fine sand. At
another sandy area (72% sands) there were eight animals/m®
recovered,

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

tions of 20_and 11 animals/m? in areas with medlan grain.
diametefs‘of 1304 and 160u (fine sand—Wentworth, 1922)
respectiiely on the flats of Barnstable Harbor. G. ameri-
cana, a closely related specles, was found in the Ampelisca
spp. community (less than 35-45% silt-clay) in Puzzard's Bay
(Sanders, 1958). '

The polychaete is widely distributed within Barnegat
Bay; it has been recorded qﬁantitatively from all major
-quadrates.:.Bouy J is the 6nly 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 Dickle, and in contrast to
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- Stlckney and sStringer's flﬂdlnau; the larger cohcnntrntionu
_of ElXEELi wero associated with the finer sediments in thisg
utudy (Flg. 11), Thuo, at the pandier pouitionu al which-
Glxcnru.uppdafu_at least 50% of the time, the'avérugn. |
denaity g only 10/m2. 1In the mudqior uréan with intermedi-
ate.uilt-clny.fructionn. the average denulty was 19/w%, and
in the nreng.with.n relatively largpe amount of uilt—élny.
the average dropped to u/mz, | |

The reduced dunuitieu'iﬁ the lﬁttur calegory may Lo a
reflection of'increaued'anaqrobic conditionu. iThu rlndut
(grain diameters) sediments ure'gehuiaily assoclated with
reduced current velocities, Jo any Qrganic matter lntroducgd
might remain and decompose adding to_tho B.O;D, of tha area.
Under reduced'conditionu. a felatively active fbrm such asg
Glycera might not be able to continue motabolic activities
for long periods of time, However, fhe importance and scope
of anaeroblc respifation and energy Qtilization during loQ
pOo 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 1mportant féctor in their distribu

tional pattern, Apparently Glycera dibranchiata does not

frequently crawl on the substirate or swim long distances
(Klawe and Dickie, 1957). Continuance within the substrate
would. then depend, at least paftially. on sufficient levels
of dissolved oxygen. As long as.the animal can maintain

communication with the overlying water, it can probably
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cbntinue normal metabolic a-tivities since the worm venti-
lates 1ts burrow and'therebv offsets the reducing effacta of
the substirate., This may partially explaln the greater
observed densities of worms in sediments of intermediate
silt-clay composition. With some measure of the finer
sediment pafticleu present, construction and maintenqnco of
a burrow would probably be easler than in coarser substfate&
Periodic or frregular disrﬁp&ion.of the Qatérflow should not
be deleterious to Glycera since the coelomlc cell hemoglobin
may maintain'adequate oxygen levels for almost two hours
after ventilation.ceases (Hoffman and Mangum._1970). In the
same study Hoffman and Maﬁgum demonstrated that g._dibran-

chiata can withstand 42 houré exposure to reduced oxygen

levels (0.14 ml 0,/1,), During such sustained exposures the -

metabolic rate probably decreases to comparable or lower
rates as those measured during observed ventilation activity
Thié fepresents a 90% decreasg in oXygen COnsumpfion (133/ul
0,/hr, vs. 14 4l 0p/hr, ventilation vs. pause, Hoffman and
Mangum, 1970). Even though thé animal 1is cabable of strong;
rapid szcular movements, the worm does nof readily invade
new areas (Pettibone, 1963). |

Glycera has been described as a detritus feeder

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

(Sanders et. al., 1962; Phillips, 1967), The amount of
organic material 1n the substrate, in conjunction with other
environmental parameters, should influence the density of

animals., Sand grains have less avéilable_eurface area for
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binding materlals than do snllt-clay sized particles. so : ‘
sandy areas may be predicted to harbor fewgr glycerids than
muddy areée. In areas of greater slilt-clay levels there
would be greater surface area available for binding organic
materials so the humber of animals that could be maintined
would be greater,

Physical aspects of the substrate per se could exert
éome influenée on distribution of infaunal forms such as
Glzcera. Sanders et, al, (1962) have demonstfated 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 3
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_mofe plastic mud §ubstrate_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 summer (based on Klawe and Dickie's
report that the worm doesn't grow during this period) is
corréct. then those animals reéiding in a:muddy area_could.
conserve energy expenditure better while moving through mud
than could an animal working thfough the more compacted saﬁd
| The two remalning organisms that were captured regu-

larly in the muddy areas were Clymenella torquata and

Maldanopsis elongata, both members of the Family Maldanidae, .

Both worms construct mucoid tubes to which are attached
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gsediment particles. Clymen~lla uges fine sand particles
(Lee, 1944, Sanders et., al., 1962) in covering its tube,

whlle Maldanopsis' tube is constructed more of silt

materiale (Phillips, unpublished data). The polychaetes
appear together at all of the major sampling statlons

(Table XVII) even though nelther aépeared more than 50% of
the time in sandy areas (Tabie XV). Table XVII ghows that
greater densitles 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¥Southf Lack
of sultable sediment for tube construction might be operable

in the low dqnsities 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, 1t would be somewhat

' presumptuous to characterlze the Bay by one organism or a

-palr of organisms as is the more common practice (Sanders,

1956, 19584 Thorson, 1957; and others), There would appecar
to be at leagt two broadly definable communities—a sand

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

- generallzed pattern of the substrate distribution has already



Table XVII. Comparison of Clvmenella and ¥3ldarorsis densities at selectad

pesitions.
PERCENTAGE
POSITICH SILT-CLAY CLYFENTLLA MALDANITSIS
-No./m~ _ No.sz==
Bouy Cl 19.2 47 | 51
Bouy D 30,5 _ - 135 f 61
Bouy D1 '_- 11.8 LY . 51
Bouy E 2040 127 | 104
Bouy F 15,4 % B _. 6
Bouy G | 12.0 N 9 T .15
I-1 54,5 - - 43
FRC ' 52.7 16 _- - 62
11-3 | 8.4 - 17 o - 70

Lt. 1-So. 7.0 _ 22 4

©01
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been described in the sndiment section of this paper

(pp, 23-26). | |
Telilna égilis is the only animal that truly character-~

ized the sand bottom areas., The remaining animals, even
“ though they'routinely appear in sand, are also coﬁmon in.the
muddy areas,

For the mud substrété. one faces a more difficult
choice for (a) characterizing species. No species-is.found
at all.locations; those forms whiéh are most widespread in
- the softer bottom (Cyathura and Pecfinafia) are also found
in the sand environments, The animals that are unique to

the muds (Clymenella, Maldanopsis, 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 humber of Tellina would

generally indicate a mud substrate, It may be equaily 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'afe assem-
blages found in the muddy sectofé with greater specles
numbers,

Comparing the results of this study with similar
studies (Table XVIII) indicates that the recorded numbers of:
sbeciéa afe comparable among the different'aréas. All of
the comparisons are situated in the northern séction of.the

Virginian Province, all of the studies are sublittoral and



Tablé XVIII. Comparison of Barnega% Bay (New Jersey) invertebrates
with other Virginian Provinces studies,

Barnegat Long Isla§d Buzzards 2 Menemsha Greenwigh Sheepscot’
SITE Bay(NJ)  Sound(NY)-* Bay(Mass) Bight(:-'aass)3 Bay(RI) River (Ne)5

BOTTOM TYP= mixed mixed mixed " "sands mixed soft mud

'SCREZIN SIZE  1.5mm 1.0mm 0. 5mm © 1.8mm 2, 0mn 1. 5mn
NO. SPECIES FOUND 110 135 68*  ho 11k 108
NOG. SPECIES CONNGHN N o - o
IN BARNEGAT BAY AND... ' 51 25 15 . o 57 12

1 Sanders, 1956 5 Hanks, 1964 |

2 sanders, 1958 - ' * oﬁly species constituting moré than 1% of

the population were included in the paper.
3 Lee, 1944

b Stickney & Stringer, 1957

901
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all ére quantitative in desiin., Wells' (1961) paper is not
‘included because it was not quantitafive and it is frbm the
~ Carolinlian Province,

 Of the studlies sited (Table XVIII), the two most
similar (number of speciés) to Barnegat Bay are Léng Island
Sound and Greenwich Bay. These are both mixed bottom envir-
onments so it is likely thaf more niches exisi 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
~specles among the three above taxa which appeared in_Barne:

gat Bayo

- II, Specles Diverpity _ _

This is a concept that is unique to the description of
communities in ecological.1nvestigations. Ensentiaily. the.
parameter of divérsity.indicates how "rich” or "poor" a
reglon's fauna and/or flora components may be., The numeri-
cal diversity value of one samplé or area may be compared
directly with another situation (assuming collecting tech-
hiques are comparable) to détermine relative similarities or
dissimilarities,

On large scale generalities, it has been noted that
trépical reglons maintgin a'mofe diverse blotic component
" than do arctlc areas (Odum & Ode. 1959). Sanders (1968)
mentions that marine habitats normally demonstrate greafer
diversity than eetuarine (brackish) situations., Provided

the scale of an investigation is large enough, differences
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between wldely separated points may be of s_ufficient magni- : ‘
tude so that simple inspection shows obvious differencea. '
It is within narrower range studies that the idea of specles
diveresity can be used more fruitfuily‘ |
The principle.componeﬁté of diversity are the number of
l species within thé study area and the nﬁmber of individuals.f.
The relatlonship between £hese_two parameters will defermine
tﬁe.richneee or evennées of a regioh. Two sites with the
same numbers of species and the same total numbers of indliv-
iduals can have different diversity indices, .When the
individuals are equally épread among the'specieé the divqr-
sity willfbe.lower than in a sltuatioh where there is
unequal distribution of individuals, The latter condifidn
is the more diverse of the two exam_pies.‘ h _ o ' ' .
| Figures 9 and 10 present graphlcal presentétion of the
comparative richness of the different areas within the Bay., -
The two moét.diverse stétions are Lights 3 and 4, located at
the entranées of Oyster Creek ahd Forked.River respecﬁively.
These wére aiso the most frequently sampled sites., The
lowest number of species was found at Transect iII-l located
" inside Oyster Creek. Distribution of individuals among the
areas waé such that the actual Calculation of diversity
resulted in significant overlap of diversity indices among
the stations., Many organisms that appeared a small number.
bf times were ih very lqw.densitiea. so their overall contri
bution was practically insignificant. Converéely. maﬁy 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 numeiical diversity calculatiqns.
Filgure 12 presents a graphlcal comparison of the two
‘techniquéa used in computing the spécies diversity indices.
in this study. These data afe the same as in Tﬁble X,
Based on these data, there were no statistlchlly significant
differences among the various areas repeatedly sampled
within the Bay. There was considerable overlap among the
' caléulated'values between the two methods as well as within ‘
the same method. The Infbrmation Theofy. however, had
conéistently greater values, The computed.grand mean for
the Shahhon—ﬂeaver methodz(lnformation) was 2,20 * 0,49
| (std. dev.), while Margalef's index was 1,70 ¥ 0,38, an
average difference of 0,50 between the two me thods.
 According to fhé reéorded values, the different loca~
tions in Barnegat Bay'afe quantitatiQely. equally diverse
(or non-diverse) over the time span studied. This finding,
in éonjunctibn with the noticeable range of values found at
most areas, relegates the pafameter of specles diversity to
an academic moot point within this investigation, It may be
argued that the data collected.will be aQailable for futﬁre
surveys and this will then permit meaningful comparisdns.
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 éxist within the infaunal assemblages of Barnegat



Figure 12,

Comparison of observed rangés and means between
the Information Thenry (Shannon-Weaver) and

Margalef divers)ty indicles, 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 1 U e

Information Theory 1 ————— .
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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 majof
organisms are_presented in the Appendix, Table II.

Again, the comparative richness of the sampled sites 1is
indicated by Filgures 9 and 10._ Continued sampling of the
major sltes will permit monitdring of faunistic'composition.
Changes within the communities’ components should be observ-
able in the shifts of richness and/or evenness brought about
by.pollution. Preclise prediction of specles' shifts (assum-
" ing changes occur) would be difficult, but the general
pattern might be simplification; 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 parametériié a reflection of the hom6-'
genelity or_heterogeneity of chemicalehysical factors within
- a study area, as well as the various biological interac-
tions. |

Temberature‘vériation is certainly a parameter to be
conéidéred in distributional studies; but in the rather
limited area of this study, temperaturé probably can be dis-
regarded as a major local factor., The bay system demon-
strateé the normal pattern 6f seaéonal warming/cooling seen
in temperate latitudes in which this 1nvestigation. took | .

place, Very simllar temperatures were found among several
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‘stations throughout the Bay during any dally cruise., Such
findings might be explained if the investigatorﬁ.had re-
malned with one water maaa'throughout the day. Ddé to the
randomized sampling pattern, the probability of remalning
with the same water mass is greatly reduced, Table XIX
presents randomly selected data on tempéfatures.at different
sites on the samé.day. As may be seen, there are no great
differenCes among the.varioﬁs locations. Complete hydro-
gfaphic daté are included in Loveland and Moul (1966,
Table V); Phillips (1967—Appendix, Table II1); Moul, et,
al, (1968, Table VII); Loveland, et, al, (1969, Fig. Hel),
Thoée.organisms dominating within the community are
probably eurythermal, Rapld, short-term changeé might be
deleterious, but the seasonal shifts are régularly occurring
events and so would be expected-to be within the tolerance’
1limits of the common forms, Drastic diurnal changes were
never noted in the temperature regimes. The possibility of
' micro-environmental differencés is not being dehied. but. on
the scale of this investigation it seems that micro leveis
'would'have to be malntained for extended periods to play a
directing.'dlstributional role; The evidence indicates that
even though certain reglons (primarily around the inlet
area) tend to be more conservative in thermal (and salinity)
regime than other reglons, this 1ls not directly governiﬁg .
distributidn of the major invertebrates in this study. Any
grbés'meteorolbgical change should affect large portions of

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



Table XIX. Randomly selected temperatures from Barnegat Bay,

5-27-66

Position

238
1
8c

234
16D
80.
224
174
11

19
24A

Temperature (°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  Temperature (©2)
232 10.7
16C 9.8
153 10.1
22 10,1
16cC 5.2
23D k.5

15c i,2
1l 5.1
22A b9
247 L,s

€11
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Temperatufé classically has been used in large’scale distri-
butional studles (Hutchinu, 1947; Ekman, 1953)..
| Within the test area, the aalinity of the wafer Qaries.

Thié variability.ia a function of the tidal stage, position
'within the Bay‘.and ﬁeteorologicai cdnditions." Average
| bottom saiinities vary between about ijﬁand 2974, while the
ranges are between i82§ and 30.5%5. Since the salinity |
regime at any point within the area investigated is variable,
and since thére_is considerable overlap in the salinity
among different stations, it is probable that salinity is
not a majdr directing parameter in the distribution of many
of the benth}c inyertebrates'ih this study. Through the
course of evolution, estuarine forms have becpme physiolo-
gically adapted to the varliation experienced in certain
énvironmental pafamgters. As a fesult of thesé adaptatione.
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 distribution;
however, their influence is best demonstrated where signifi-
cant gradlents exist., In situations involving minor
oscillations ébqut some mean value, the likelihood of demon~
strating direct effects on organismal distributions withiﬁ
locallized areas is probably small, |

If salinity and/or temperature are not directing the
distribution of organisms within the Bay, then some factor(é

" must be operating since the spatial arrangement of animals
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ig 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'faétors become quite broad: dissolved oxygen,
specific chemical in the water/substféte, turbidity, depth
(pressure), and others, One aspecf of bventhic ecology which
has recelved some study 1a.that of the relationship between
the organism and its substrate, Jones (1§50) considers the
substrate.as.the third directing force for the benthbs.
along with temperéture.and salinity. |

The preference of different animals for different _
bottom types has been demonstrated for larval types (Lynch,
19593 Scheltema, 1961 Thbrson. 19573 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'excéllent 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 blologlcal gctivitj Qithin the particular-areé._'
Ag a result of these external modifications, the subsfrate
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 blota as long

" as it is realized that the composition is a smecondary ohar- f'

acterization, The precise governing factor that determines
a substrate's suitability for colonization is unkﬁown. ;in
all probability there 1s 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, 1958) demonstrated a relationship
‘between sediment type and feeding type in two subtidal
areas. in these studies, iufaunal sﬁspénsion feeders were
- most prominent in fine sands, while depoéit feeding formé
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.'é finding
_whiph 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, aé Sanders et, al,
(1962) point out, is based on the‘availability of food more
than the actual particle size composition of the sediment.

In Barnégat Bay, the sandy areas, supposedly dominated

by suspension feeders, are characterized by Tellina agilis,

a deposit feeder, Such findings are in opposition to
Sanders® (1956, 1958) generalizations concerning feeding

types and assoclated substrates, The repeated findings of
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Télliﬁa in sandy areas of the Bay, and the recurrent densi-
ties at any station indicate that the observed results are )
vqild and are nof isolated inoldents, Actually, Tellina was
the second most common bivalye fodnd by Sanders (1958).in

the sandy sediments of Buzzards Bay. The recorded denslities
(Table J. Sanders, 1958) of the clam are comparabie to those
of this study, bﬁt Tellina's contribution to fhe sandy

assemblages was overshadowed by Cerastoderma (Family Cardi-

dae), a fllter feeder, The distribution of zgkl;gg is not
anomalous in this study: as mentioned earlier, Tellina is
- characteristic of sands.
“An explgnation of the appareht paradox of_Telllné‘a'
distribution may reside in the stabillity of the subétrate .
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 ﬁighf 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 gsuch were the case, then tihe level of
organic'matter at any time wouid not be a valid parameter on
-which to base a prediction concerning feeding type. In such
a éitﬁation. correlatidns would be better calculated by
chlorophyll concentration (Sanders, et. al,, 1962),
The ability of Tellina to burrow rapidly permits
succrssful colonization of sandy areas. Dislodgment by . . ‘

currents assoclated with sand bottoms could eliminate
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populations of organisms unable to rapidly relocate within

the substrate, o B REEENWS

IV, Temporal Distribution

| During the course of the investigation samples were -
~ taken during 34 months of the study period (46 months). The
oompoaite_first third of the calendar years has the poorest
representation in sampling., 0f a possible_15 sample months
(Table XX) during the period January through April, only 7
months Qére actually sampled, January ahd April were both
sampled only in 1968, Ic: cover; storm syStems. and mechan-
icallﬁélfunction contributed to the rather.patchy aamoliog
periodicity during the early part of the years. - The time
course of May through December has a better record of
- aampling fraquency. with 27 of the pooaible 31 ‘months inves-
tigated

The perlod of May through October is the best sampled
span during the year. The iargest-numbers of species are
recorded during this interval (Tablcé XX and XXI) with an
observed'rangé of 54 (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 durlng the summer months., This 1is 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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_Numvers of benthic 1nvertebta£e'species collected

(61)

34

Table XX,
monthly. Flgures within parentheses represent
total number of different specles found during
that month,for the four-year study. The final
column is the average number of species recorded
per station, '
1965 1966' 1967 1968 1969 x/éfatioh
Jan -— a- 19 -— 4.8
Feb (48) - 16 - k7 8.3
Mar (52) - 27 32 17 4.7
. Apr : | - - 40 13,3
May (54) 22 22 46 6,0
Jun (?9) 37 b9 59 69 1.4
Jul (87) 65 61 59 64 1,1
Aug (69) 39 33 51 46 2.2
Sep (65) 11 42 - Ly 3.4
Oct (85) 24 L7 b4y 60 3.0
Nov (31) 14 25" - - 3.4
.Dec - 15 L9 3.4
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Table XXI. LEpifaunal and infaunal components of benthic

invertebrates coll

ected wig

hin months,

1965 1966 1967 1568 1969

E*  1* E I E 1 E 1___E I
JAN - == - - - -- 120 7 - -
FEB =~ == == am - 8 8 - -- 22 25
MAR —. == —- - 16 11 21 1 5 12
APR O B T IS
MAY —- == 13 7 16 6 20 26 = -
JUN 22 15 32 17 3% 25 36 33 - -
JUL 36 29 31 30 28 31 28 36  e-  -_
AUG 26 13 16 17 2?,  24 20 26 -— --
SEP 1 10 23 19 - - 17 27 — -
0CT 15. 9 28 19 27 26 23 37 . ee -
NV 1l 3 16 9 ee eeee el el .
DEC - - 13 2 24 253 14 20 - aa

* E - numbers of epifaunal epéciee
I - numbers of infaunal species
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greatest representation during Juné. July, and August, the
most intensely sampled months. Among theae'lz.eampling

' mdnfhe:(b-years"data).-thp number of epifaunal species
alwaya surpassed the number of infauna during Jpne; while
. the two ffaétions 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, espeéially durinz 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_solQing the
problem of skewed sampling, at'least épproximates 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 bedome.as cold as the more isolated bay system, _Somé
organisﬁs.may form'overwintering bodies or stages whlch are
more resistant to cold than the parental form,

Infaunal organisms by their nature cannot get up and
leave their hébitats. Burrowiﬁg deeper into the substrate
is the only éscapé'mechaniam available to such animais. |

Since the actual number of samples ccllected within a

particular month was Variable. & direct monthly comparisdh

L0
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of specles :ichness.would be somewhat dubious. A greater
number of'samples_might result in an increased number of
species—this assumes that the specles-area curve-(Gleasén..
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 specles collected at a multiple of poofer areas,

-

A graphical presentation of the repetition in temporal

capture pattern is glven in rigure 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 55% of the total number;-appeSred
one~-third of the time'or.less. Only 13 species (1.2%) were
taken more than two-thirds of the time. O0f the latter
group, 7 species were epiféunal. The mobilify of these
forms may play an iﬁportant role in the temporal as well as

the spatial distribution of these organisms. The most fre-

quently found epifaunal species are Mitrella lunata (recordal

during 33 monthe). Crangon Septemspinosus (32 months),

Idotea baltica (31 months), Palaemonetes vulgarls (29

months), Neopanope texana (27 months), Asterias forbesi' (2?

months) and Eupleura caudata (26 months),




Figure 13,

The number of speclies that appeared during a
specified number of moriths (out of 34 months of
gampling)., Shrded portion of bars represents
number of Infaunal species; unshaded portion
corresponds to number of epifaunal species,



-gpecies that appeared during a

er of months (out of 34 months of
aded portion of bars represents
unal species; unshaded portion
number of epifaunal speciles.
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The'temporally most commonly encountered infauna

included the lamellibranchs Mulinia lateralis and Telling

agilis (both 30 months), Cyathura polita (30 months),

Pectinaria gouldii (29 months), Glycera dibranqhiatal(zé

months), and Maldanopsis elongata (25 months).

Table V11 presents a monthly éppearance registef of the
benthos., This representé a condensation of the'3u collect~
‘ing months, Six species appeared every month throughout the
year. As might be expected, all of these are Iincluded among
the most commonly encountered animals., The six'are Crangon,

Cyathura, ldotea, 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 Erichsdnella filiformis, Halichon-

dria bowerbanki, Laevicardium mortoni, Pagurus longicarpus,

and Scolopibs armiger, These 5 latter forms appeared
between-one-third and two~thirds of the total number of .
mohths investigated., | |

It 1s highly probable that the 10 species which appear
durihg_;l mdnths are present during the.éntire year. Seven
of thése-lo were not recorded during January. It is unlikely
that all the organisms would migrate to the ocean even thoug .
January is the coldest month (average bdttdm temperature is
about'ébc.——Taylor, Fig. 8, 1970), The bay system begins |

gradual warming so that the average temperature by late
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February is above the offshore waters. Three of the genera

not recorded in January are infaunal (Méldénopsis. Mulinia,

and Tellina) and Halichondria is an attached epi-~benthic

form so these forms could not ieave. Since January is one
of the poorest sampled months, it is fairly_éafe to assume
that many, if not most or all, bf fhese organisms were
present but simply were not cqllected'ih the limited samp-
ling program.' | |
There were 10 speclies which appeared 10 of the 12

months, Two of these were Eupleura caudata and Glycera

dibranchiata which were among the best repbesented specles

in total number of months capturéd. 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 January:'theée were Bugula turrita.

Hydroides dianthus;_Notomastus latericeus, Retusa canalicu-

lata, Solemya velum, and Turbonlilla sp. November was not a

heavily Pampled month so there were a number of missing

species; Hydroides and Retusa were missing as well as

Lyonsia hyalina and Molgula manhattensis.

lAs-with the specles lacking during one month, it is
likely that the ones missing during two months are also
present yeér round, Thelr absence is probably a result of
fhe reduced sampling effort during Januéry and later in
November., Since none of the genera within this category was
absent for a two-month apan; it isrlikely that the organisms

were present throughout the entire year., More sampling, or
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perhaps sampling different localitles, would have filled in
“the temporal gaps. | | |
The propoeed:filling-ln of temporal appearance gaps
ceuld be-carried further, but naturally this becomes mere
tenuous as one attempts to f£ill in more and more gaps., -

There are other organisms that could be chosen as reference

levels for a complete year study. Mercenaria mercenaria and

Nagsarius obsoletus, which appeared nine and eight months

respectively, would probably serve ae reliable specles in a

temporal distribution etudy. The gaps.in their apperent

temporal distribution are probably indices that the areas in

* which they were commonly found were not sampled, rather than

these organisms being abseﬁt from the Bay during certai.n ' ‘

montha, | | |
For predictive purposes or:eetablishing base indicee.f:

for future studies, the most legical ehoices of speclies are

the 26 that appear during 10 or more months during the year,

These are the first 26 speeies listed in Tablé VII. The

present environmental parameters are such that these organ-

isms can maintain themselves year round, Provided.no_

‘changes occur wi;hin the study.area. these sgpecies 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—-ceftaiﬁ months ere not.well represented in this

study, especially January, If January had been ihveetigated ‘

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.épah.wllo species of benthic macroinvertebrates_
were collected from the dentral_porfién of Barnegat Bay.

2, Oﬁly four speciée.were recorded from at least 50%
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 spgcies within the year-round category.

3. The organisms found.were typical of "soft bottom”
environments., The substrate of the Bay wasg predominéntly
finer sands east of the Intracoastal Waterway and "mud”
-Qest of the Waterway,

u.' Tellina agilis, a deposit feeding lamellibranch,

was the characteristic organism of sandy substrates; this
finding is in contrast to the classic description of filter
feeders dominating sand areas. No characterizing animal or
pair of'animalé 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 speciee would.be a good indicator organism to -
moni tor pollﬁtion. |

6. The species diverslty, meésured.by two techniques,

was similar among the major sampling sites., There was
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significant overlap bvetween the two indices among the
gamples even though there vere qualitative and quantitative
' diffaerenced among the samples, Tho “"richest” areas
(greatest numbers of species) werellocated at the mouths of
Forked River and Dyster Creek. |

7. Although there was considerable variation among .
thé data, a significant correlation (Ps0.0ol'level) was
found between the percentage of silt-clay haterial'and the
amount of organic material pfasent in the_sédiments; |

8., Comparison of the Petersen and Ponar quantitative
bottom dredges indicated that the two tools were not
significantly different in the volumée'captured in Qandy

environments,
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“Table Ia.
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'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 fligures represent
the lower limit of each size class with the
exception of the silt-clay fraction (-62), 1In

‘the tabular presentation of the related sedimen-

tary characteristice the median grain diameter
(sz the first quartile (Qy), and the third
quartile (Qa) values are given in microns., The
sorting coe?ficient (Sp,) and the skewness (S,)
are dimenslionless. _

Station I-1, Light 1, Quadrate 21-D
"North" off Stouts Creek,

Particle

Size st 1965 1966 1968 1969

2000 6. 50% 0,00% = . 0,15% 0,.,10%

1000 .80 0.50 0,30 0,60
500 U0 8.80 . 6,25 2,45
250 5.00 oo 8.00 _ 5,90 6.40
125 - 7.90 9.60 7.90 8.55
62 24,10 15,40 . 24,85 23.55
-62 48,10 57.50 54,35 58,30
Mo 64 4s 58 L9

Qy . 22 18 28 24

Qs 150 145 105 98

So 2,61 . - 2.84 1.94 2,02
Sk




L

‘ (Table Ia continued)

" Station II-1, Quadrate 22-B, Light 19

Particle ' ' : , .
Size # 1965 ' 1968 ' 1969
2000 e % 0.30% 0,104
1000 1.90 _ . 1,15 g 1.70
. 500 21,00 . 7.65 . 8,50

250 ' 14,60 _ o 8,40 ' 11,40
125 . 12,80 - 11,95 12,90
62 13,30 : 2L .85 18,45

-62 36.30 ks.35 . L6,85

Mip 130 o 72 _ - .69

Qy 28 35 26

Q3 470 . 160 _ - 208

So 4,09 2.14 2.83

Sk . 10,07 8.82 ' - 8.85

Station 1I-2, Quadrate 22-B, Light 12

Particle - :

Size M 1965 1968 1969

2000 - bL,20% o 21.75% | 1.95%

1000 . - 6,60 .7 e 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 S 14,40 ' 15.90
-62 . 30,00 , 28,10 42,05
Mo 108 . 230 87

Q1 55 L 18

Q3 - koo 1550 345 .
So 2,70 5,36 4,32
Sk 14,27 . 19410 8.56
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(Table Ia continued)

Station II-3, Quadrate 22-A, Light 4
800 yards east of Light 12

Particle - _
Size M 1965 1966 1967 1968
2000 - 0,20% . 0.95% 0,20%. 0,30%
1000 - 1,20 1.00 3.10 1.75
. 500 22,90 . 16,10 31.55 15.70
250 - 45,50 41,75 57.65 38.50
125 12,30 14,65 ©5.15 15,20
62 : 10,20 1 10,70 1.70 ©17.65
-62 7.60 14,70 0,65 10,85
My 335 340 Lkis . 280
Q1 - 195 120 310 . 105
Q3 500 - L45s 610 Lgs
Sa . 1,60 2,01 1.40 L 24,17
Sk ‘17,06 13.08 21,30 13.60
Station II-4
Particle : o _
size X - 1965 1967 1969
2000 - 2.30% 6,00% 0,30%
1000 - 1,30 KN 7.20 - 0,25
500 14,80 B 9,10 5,00
250 20,40 _ 16.30 . 39,30
125 2h,20 - 22,00 - 25,50
62 20,40 . 19,80 17.00.
-62 16.50 19.70 12,65
Mo 180 178 - 218
Q4 93 75 106
Q3 470 k30 : 360
S 2.25 2.39 1.84

Sg 15,58 13,47 | 13.23
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(Table Ia continued)

Station 1I-5 -

Particle

Size # 1965 1967 - 1969
2000 0,40% 0. 10% : 0,10%
" 1000 - ' 3,10 o o.uo ' 0,25
500 - ' 3.70 - E 1.80 : 1,60
. 250 6,10 _ 5.70 2,20
125 24,30 \ 9,00 . 5,60
62 49,80 - L8, 50 sk, 50
-62 o 12,30 34,20 ' 35.90
My 105 ) 77 - 75
Qy 73 ' 35 47
Qq 180 : 112 104
So 1,57 1.79 1,49
- Sy . 11.19 | 7.14 8,07

Station I11-7

Particle

Size # 1965 - 1967 1969

2000 ° ' 0.80% : 0 0,30% .7 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 : 63,35
62 25.30 - 6,80 25,80
-62 5.10 0,40 4,60
Mo 155 - 180 1559

Q1 115 _ 1h5 108

Q} ' 207 225 203

Sg . 1.3 1,25 1,37
Sp 12,39 13,47 11.89




(Table Ia contihued)

"~ Statlion II-9

Particle
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1969

Size M 1965 1967
2000 0.50% 0.,60% 0,40%
1000 0.70 0,60 0,80
500 1.40 " 3,10 1.55
250 11,00 22,70 10,40
125 59.50 57.20 63.95 -
62 22.60 14,20 21,50
-62 1,80 1,70 1.50
Mo 170" 190 168
Q1 126 148 128
Q3 227 260 220
So. 1.34 1.33 1,31
Sk 12,97 14,23 12,95
. Station III-1, Quadrate 23-A

150 yards inside mouth of Oyster Creek

Particle- 1965 1967 1968 1969
SizeM a ) .

- Looo 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 k,70 1.60 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
My 24 79 92 88
Q1 19 37 .30 33 _
Qq sl 135 175 199 .
S5 1.98 1.91 2,42 2.#3
Sy 6,54 7.95 7455 8.6
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. (Tavle Ia con! lnued)

~ Station III-2, Light 3

Particle 1967 :
Size A 1965 1966 a b 1968 1969
4000 0,50% 0,00% - 0,00% 0,00% 0,00% 0,00%
2000 0,70 0.45 4,90 1,20 0,25 0.90
© 1000 0,90 = 1,15 1,10 L,20 0,60 1.35
. 500 - 5,40 6,45 4,50 36,10 1,20 13,20
250 18,70 12,65 30,10 33,60 2,50 I, 65
125 16,30 8.10 - 43.30 7.40 4,50 18,70
62 39.40 40,65 8,30 9.70 k3,95 20,10
-62 17.90 30.25 8,00 7.70 47,05 11,25
Mo 109 9oL 215 L2s 67 - 252
Q 68 62 145 250 38 103
Q3 268 180 35 690 98 415
Sr) 1.98 s 1.70 1.58 ’ 1.66 1.61 2.01
S 12,93 10,90 15.70 20,10 7.45 - 13,02
~ Bouy C-1
Particle 1966 _ ' :
SizeM - a b 1967 1968 1969
2000 . . . 0,25% 0.10% 0.,40% 0.80% 0.30%
1000 1.00 - 0.80 0.65 1.35 0,60
500 12,80 - 9,70 . 2,25 9.15 645
250 49,50 27,10 12,50 11,65 34,25
125 . . 21,70 18,50 26,85 14,60 - 31,45
62 6.200 16,10 , 28,75 43,75 10,55
-62 8.30 27.60 28,30 . 18,45 16.65
Mo 310 160 110 100 210
Q1 185 54 46 69 118
Q3 by s s 198 220 320
So 1.55 o - 2,07 1,78 1,65
Sk 16,30 . 9,09 12.30 13.41
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(Table'ia continued)

Bouy D

Particle : '
Size M 1966 1968 1969
. 2000 0,30% 0,004 - 0.00%
1000 i 12,90 ' 0,00 - 0,10
- 500 . 8,80 - : 7.70 1,70
250 13,52 _ 12,45 16,45
125 ' 16,32 14,35 - 15,70
62 21,20 : 47,75 . 29,60
-62 37,42 17.80 36,40
. MZ . 90 ' 100 _ 81
Qy 260 . - 190 : 176
S - 2.49 _ 1,66 2,23
Sy! 11,01 : 11,50 - 8,78
Bouy D1
Particle - _ : - . :
Size 1966 1968 . 1969
2000 : 0,00% - - .. 0.15% "~ 0,05%
1000 3.80 . : 2,65 0.10
500 8.,80 24,70 11,50
250 24,20 - b7,25 35.80
i25 12,85 L 12,45 21,bk0
62 . 21,40 ' 6.55 15,60
-62 13,95 - 6,05 15,50
M ~ 1bs 360 230
Q5 66 S aas 99
Q3 - 370 510 380
So 2,37 ' 1,44 1.96

Sy 12,98 18,60 12,79




(Table Ia continued)
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Bouy E
Particle. '

Size # 1966 1968 1969 .

2000 0,204 0.,20% . 0,104

1000 2.35 0.30 0.55
500 13,30 . 3.70 L,Lo
250 20,65 25,90 21,05
125 14,90 22.85 25.30
62 24,30 . 33.90 26,00
-62 24,70 ~ | 12,95 22,50
Mo 135 | 135 130

Qq 66 80 68

Q3 380 . 270 258

So 2,40 1.84 1.95
Sy 13, 63\ 12,65 11,62

| Bouy E-1
Particle '

Size # 1966 1967 1968 1969

2000 0. u7z 0.30% 0,00% 0.70%

1000 0.97 1,90 0,00 0.85
500 3.77 1.80 2,20 3.35
250 14,12 2,30 15.50 8.75
125 Ly, 92 . Lo,60 16,10 14,45
62 21,30 L6,10 48,00 u7.uo
My 170 120 100 91

Q1 26 80 69 62

Q3 245 182 175 140

S, . 1,60 1,51 1.59 1,50
Sx 11,76 11,01 11,00 9,77
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- (Table Ia contihued)

Bou. I, (usdrate 17-C

jar ticle:

Size M 1966 1967 1968 1969
2000 - 0.15% 0.30% - 0.10% 0.15%
1000 .. 045 . 0,20 0.55 o.4s
500 0,70 0.70 - 0.85 : 0.75
250 . 1,70 1,90 . 1,60 0,95
125 9.95 15,40 j 12,05 6.85
- 62 - 71.30 68.30 - 70,95 : 72,25
- =62 15,60 13.40 14,00 18,60
My 86 90 88 - 86
QY 68 70 72 68
Q3 110 _ 118 _ 110 109
So 1.27 . 1.30 1,24 1.26
Sk . 9.32 9.58 9.5 9,28
Bouy G .
Particle : o
Size ¢ 1966 1967 - 1968 - 1969
2000 0.00% 0,10% 0.15% -0,35%
1000 0,50 0,10 0,30 0.25
500 0.90 0,60 0.65 . 0,30
250 - 1.90 1.30 : 1,30 0,70
125 17,30 11.70 23,80 12,10
62 66,70 71,40 64,75 724,10
-62 12,30 - 14,80 8.90 12,10
M, 92 88 98 90
Qy . 71 69 ' 76 72
Q3 120 : 113 125 114
So 1.30. - 1,28 1,28 1,26
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(Table Ia continued)

Light 1 South

Particle .

Size M 1966 1968 1969

2000 0.60% ' 1,20% . 1,35%

1000 0.45 1.30 0,90
500 0,80 _ 1,00 . 1.30
250 ' 1,60 1.45 2,10
125 26.20 \ 30,35 ' 31,15
62 61,65 : 57.05 58,25
-62 8.45 7,40 4,85
M, _ 96 : 108 108

Qy 73 . KL 80

Q3 130 , _ 133 165

So 1,33 . 1.26 1.4

Sk o 9.32. 10415 - 11,05




Table 1b,

Particle

Size i

4000
2000
1000
500
250
123
62
-62

Particle

Size L

Looo
2000
1000
500
- 250
125
62

Sta, I-2 Quad.

1965

2.90
2,60
2,70
2,40
8,80
71,00
7.60
2,00

180
145
235
1.30
13.76

1965

0.30
o.40
0.40
1.00
14,50
75.30
7.10
0.70

185
150
230 -
1,20
13.66

1969

0.00
0.00
0.20
1.20
10.30
15.45
36,00
37.00

4]
5

43

.132

1.75
8.69

‘Sta,; "I-4 Quad., 7
1969

0.00
0,05
0.09
1.23
3.0k
37.00
37.64
20,80

115

76

178
1.53
10.85

1k4C

Sediment size distribution of collecting
stations sampled twice,
same as in Table

150

Explanation is the

Sta, I-2 Quad, 14D

1965

0.00
0.40
0.40 -
0.70
h,40

84,60 .

8.50
1.00

175
140

215

1,20

13.11

1969

0.00
0.10
25
0.45
1.35
50.75
34,90
12,10

132
80

184

1.52

10.56 | ‘l’.

Sta. I-5 Quad, ?7

- 1965

0.00

0.20
0.50
2,00

24,10

64,60
?.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

178 -
143 -
222
1.25
13.35



(Table Ib continued)

Particle
Size M

4000
2000
1000
500
250
125
62
-62

Particle

Size M

.. 4000

2000
1000
500
250
125

Stao 1‘6
1965

0.00
0.10
0.40
2,00
25,70
59.80
11.10
1,00

195 -
145
265

iu}635

Sta., I11I-7
1965

0,00
© 0,80
0,70
1.40
- 6.30
59.90
25,30
5,10

155
115
207
1,34
12.39

Quad. 7

1969

0. 10
0.60
0.75
6.30
78.50
11,15
2,45

172
138
215
1..25

13.13

Quad., 8AD -

1969

0.70
1.00
1.15
2.45
63,35
25.80
k,60

155

108
203

1.37
11.89

151

Sta. II-6 Quad. 8C

1965

0.60
0,30
0.70
1.00
L. 40
69.90
21,860
1,30

163
127
210
1.28
12.79

Sta., II-9
1965

2,50
0.50
0.70
1,40

11,00

22,60
1.80
170
126
227
1.34

12,97

1969

0.05
0,20
0.55
1.10

56.00

39.75
2,60

138

93

188
1,42

11.26

\

Quad, 1
1969

0.40
0.80
1.55
63.95
21,50

168
1238
220
1.31
12,95
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(Table IV continued)

Sta, 1II-4 Quad, 16D  Sta, III-S Quad. 16D
Particle ' _ .
Size M _ 1965 .~ 1969 1965 ¢ 1969
Lo0o0 0.55 -- 0.60 ) --
2000 0.90 0.15 - o 40 0.25
1000 - 1.60 0.50 . . 0.70 0.55
500 1.75 - 0.95 ' 1,10 0.40
250 - - 6,00 2.70 5.90 3.10
125 . 71.85 - B3.40 ' 61.80 74,50
62 15.00 10,70 : 22,70 18,15
-62 2.15 1.50 - 6.50 3.15
Mp . 170 ¢ 174 : 160 163
Q1 138 140 118 130
43 218 S 21 210 205
S _ 1.26 1.24 - 1.33 . 1.26
Si - 13.30 13.15 12,4 12079
: Station III-6 Station FRC* Station OCC#**
Part, - Quadrate 9C Quadrate 22A Quadrate 23D
Sizeu 1965 1969 1968 1969 1968 1969
4000 1.10 -- - == -- --
2000 1.40 0.90 . 0.25 0.15 4,45 1.35
1000 1.90 1.00 0.40 0.65 2.50 7.60
500 3.25 1.30 1,90 . 5,90 4,75 51,00
250 13.65 32,30 6.95 745 6.65 28.80
125 48.80 - 55.85 8.95 8,40 25.35 2,60
62 23.15 7.00 25,90 27.55 35.60 3.65
<62 6.65 1.65 55.65 49,90 20.85 L, 65
Mo 170 210 L8 62 112 580
Qp 117 154 29 31 70 -3E5
Q3 . 240 294 - 98 116 © 195 770
S . 1.43 1.38 1,84 1.93 1.67 1,41

Sk 12,85 14,68 7.70 72,62 11,00 22,61
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. !"b( "dix. . : . . . .
1Tble II. Mean density (number/meterz) and observed density
‘ ranges of major invertebrates recorded quantita-
tively from principle sampling stations, Barnegat

Bay.
Speciesn Mean Dengity Observed Range

QUADRATE BC, LIGHT 2 : .

Idotea baltica - 12 . 6- 27
Mitrella lunata 14 ' 9- 18
Mulinia lateralis . 18 - 5= ko
Neopanope texana L 6 _ 1- 10
Pectinarlia gouldil . 7 o 1= 14
*ellina agllis . 26 : 15- 46 . .

QUADRATE 11, LIGHT 1-So. - ' . '
Clymenella torquata _ 19 -1~ 34
Crangon septemspinosus N - 1- 9
Ensis directus o ' -2 ' : 2- 3
Idotea baltica. . . b 2 1= 6
Neopanope texana : 10 ' o Lo 23
Scoloplos armiger .14 : l1- 30
Solemya velum : ' 12 9- 18
Sthenelals limicola ' : 5 L. 7
Tellina agilis : . ' 98 55-144

QUADRATE 13A, BOUY Cl : ' :
Clymenella torquata S Lo . S 17- 76
‘Cyathura polita ' 18 5- 40
Diopatra cuprea : _ 49 7-126
Maldanopsis elongata 94 8-182
"Mulinia lateralis 63 5=170
Pectinaria gouldil _ 15 _ 3- 32

QUADRATE 14B, BOUY D .

. Cyathura polita - 16 L 6- 37
Glycera dibranchiata . 22 8- 138
Pectinaria gouldii 22 2« 57

QUADRATE 15B, BOUY E o _

- Clymenella torquata 145 13-290
Cyathura polita = 33 .9~ 50
Diopatra cuprea : 20 3- 38
Maldanopsir tlongata 50 14-105 °
Notomastus latericeus 22 20- 24
Pectinaria gouldil N 83 14-217

| QUADRATE 15C, BOUY D1 . | . -
Glycera dibranchiata 13 3- 31
Tellina agllis E - 4o o 3~ 84



" (Appendix Table II..continued)

Species

QUADRATE 17A, BOUY G
Cyathura polita
lulinia lateralls
Pectinaria gouldil
Solemya velum
Tellina agllis

QUADRATE 17C, BOUY F
Ampelisca macrocephala
Clymenella torquata
Cyathura polita
'Glycera dibranchiata
Mulinia lateralis
Pectinaria gouldil
Solemya velum
Tellina agllis

- QUADRATE 21D, TRANSECT I-1
Eupleura caudata
Glycera dibranchiata
Maldanopsis elongata
Mulinia lateralis
Pectinaria gouldil

QUADRATE 22A, LIGHT &
Clymenella torquata
Cyathura polita

- Glycera dibranchiata
Mulinia lateralis
Pectinaria gouldii
Tellina agilis

QUADRATE 22A, FORKED RIVER CHANNEL

Clymenella torquata
Cyathura polita
Glycera dibranchiata
Maldanopsls elongata
Pectinaria gouldii

QUADRATE 22B, LIGHT 12
Botryllus schlosseri
Cirratulus grandis
Cyathura polita
Nassarius obsoletus
Nereis succinea
Pectinaria gouldil
Rhithropanopeus harrisi

- 'Mean Density

154

Observed Range

Ly

35
11

13 -
73

17
11
8
9
11
33
11

204

5
8

58

s

92

15
13

57

100

- 80

b7
17
15
63

303

L
23

155

19
11
1

: 6- 56

4.160
3- 20
5- 32
bl-122

3- 60
1- 35
2- 18
1- 15
2= l&l
3- 84
2- 33
69-336

" 2- 8

6~ 12
21- 77
2-105
49-176

1- 47
1- 52
2- 19
7-318
3=-325
8-306

-188
- 29
7- 21
9-156
40-1200

9~ 55
L. Lo
- 9-156
17- 20
b 20
l- 2



(Appendix Table I1I, continued)

Qbserved Range

Species o Mean Density
QUADRATE 23A, TRANSECT III-l '

Glycera dibranchiata ' -2
Mulinia lateralis - 115
Nassarius obsoletus _ ' 32
QUADRATE 23D, OYSTER CREEK CHANNEL
Cyathura polita . 18
Mercenaria mercenaria
Nassarius obsoletus . ' 176
Pectinaria gouldii ' : 150
Scoloplos armiger - L
QUADRATE 23D, LIGHT 3
Crangon septemspinosus : 6
Eupleura caudata " _ 6
Mitrella lunata _ 34
- Mulinia lateralis . . 82
Pectinaria gouldii - 163
Tellina agilis - Lo
QUADRATE 23D, BOUY J .
Ampelisca macrocephala : 19
Cyathura polita 8
Eupleura caudata : 11
Mercenaria mercenaria - - 5
Pectinaria gouldii . .- . 89

Tellina agilis L 63

l1- 3
"45-.180
17- 64
b= 33
3- &
5-740
48-351
2- 7
2- 12
1- 11
2-150
1-192
 2-700
9- 93
Ya 43
4- 16
1- 23
1- 13
30-200
14- 82
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