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EXECUTIVE ST]MMARY

This ls the third volume of reports on the marlne environment of Prudhoe

Bay, Alaska spogrsored by the Atlantic Richfleld Company. Volume I considered

the results of geological ,  hydrocarbon and biological  invest igat ions conducted

by the Inst l tute of Marine Science, Universi ty of Alaska, ln summer L974.

Volume I I  was a compi lat lon of major scient i f ic l i terature on the arct ic marine

environment.

Vol-une III contains the results of studies made in summer 1975. It

consists of chapters on geological  studies, hydroearbon studies, benthic bio-

logical  studles, plus general  discussion, further sclent i f ic references,

conclusions and recommendations.

Geological  Studies

The object ives of the invest igat ions of sediments and their  chemistry

have been to ident l fy the changes, i f  any, within the immediate vic lnl ty of

the nerv causeway. Three attrlbutes of the bottom sedlments were investigated:

1) grain-size, 2> the source, migrat ing pathways, and eventual deposlt ional

si tes of f ine-grained clay minerals of land or igln,  and 3) Ehe concentrat ion

of certain heawy metals (copper, chromium, nickel and vanadiurn) and organlc

carbon and phosphorus l-n the sediments.

Samples of sediments were obtained frorn all stations sampled in the

previous year except those statl-ons now occupied by the causeway. Generally

speaking, there was a coarsening of the bottom sedlrnents in the study area.

Whl le the gravel content remalned the same, there was a slgnl f lcant lncrease

in sand content and a decrease of s i l t  and clay. No change was observed ln

the relative concentration of the clav minerals.



Geochemical analyses, so far,  show that the mean concentrat ion of organlc

carbon has increased signl-flcantly but without the concornnitant lncrease of

nickel that the L974 data had lead us to predict might take place with changes

in lithology. Ille cannot, at the moment, explain the phenomena of nickel con-

tent, but are inclined to relate the observed increase in organic carbon to

the notable increase of the total  benthic biomass referred to in Chapter I I I .

I t  is possible that summer storm act iv i ty could explain the observed di f-

ferences in sediment composit ion.

Hydrocarbon Studies

The object lves of the hydrocarbon port ion of the study have been to

survey the klnds and amounts of hydrocarbons present in the sediment and

biota in the viclnity of the newly constructed causeway. Ttre L974 samples

indicated that hydrocarbon content in the biota and sediurents were LatgeLy

biogenlc in origin. The 1975 sarnples, anaLyzed with more sensitive techni-

ques, indicate both blogenic and some petroleum origins for the hydrocarbons

found. The 1975 data lead us to the conclusion that the marine sediments

col lected during both 1974 and 1975 contalned both petroleum based and bio-

genic based hydrocarbons, the lat ter being largely of tundra or igin.  Con'-

centrations were roughly comparable between Lhe years. Where data for both

years are avallable, no trend of lncrease or decrease in hydrocarbon concen-

tration is evident. Kinds and amounts of hydrocarbons present in fish col-

lected to date are largely or total ly biogenic in or igin

Benthic Biological  Studies

The purpose of the benthic studies was to determine the posslble effect

of causeway construct ion on the resident benthic (bottom-l iv lng) organlsms



at selected areas in Prudhoe Bay. In general ,  the 1975 data were simi lar

to those col lected in L974. The distr ibut ional t rends of species, numbers of

indj-viduals, and biomass (total weight of living matter) again showed an in-

crease in a seaward direction, reaching a maximum at about 31500 ft. from

shore. However, in L975 an overall increase in species density and biomass

was observed at all causeway, Point Mclntyre and Gull- Island stations. It is

suggest.ed that summer storm activity was probably responsible for the exten-

sive inshore translocation of benthic organisms. Thus, replenishment of

bottom-dwelling invertebrates to inshore waters at Prudhoe Bay can be expected

to operate in three ways: (1) sett l ing of young, (2) s low movement of adults

into the area, and (3) rapid stonn-generated translocation of adul-ts from

ne,arby 'areas.

,*
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GENEML INTRODUCTION

The North Slope of Alaska has received increasing attent ion since the

discoverry of oil at Prudhoe Bay in 1968. The development of oil and gas re-

serves will not proceed without some degree of impact on the natural- environ-

ment.  Prudhoe Bay and the surrounding coastal  zone wi l l  be especial l -y affected,

not onl.y because this area encompasses the northern terminus of the trans-

Alaska pipel ine, but also because of increased marine traf f ic and offshore

driJ- l ing expected here. A knowledge of the present local oceanographic regime

and informaEi-on avai lable in publ ished l i terature are essent ial  in order to

establ i .sh a basis for documenting and monitor i -ng, for regulatory purposes, the

impact of industri-al development on the marine ecosystem at Prudhoe Bay. This

report ,  the third of three volumes, presents information thaE should conLribute

to this goal.  The f i rst  volume considers the results of geological '  hydro-

carbon, and benthic biological investigations accomplished in Prudhoe Bay in

August 1974 (Feder et aL.,  tgl6a*)" Volurne two represents a compi lat ion of

the rnajor scient i f ic l i terature avai lable for the Alaskan and Canadian arct ic

marine environment (Feder et aL., Lg76bx). The present volume contains the re-

sul ts of geologi-cal ,  hydrocarbon, and benthic biological  studies in Prudhoe

Bay in  August  L975.

Addit ional detai l  data have been compi led separately as, "The Arct ic

Coastal .  Environment of Alaska, Data Supplement,  L976t ' .  Information concerning

purchase of this data supplement can be obtained from the Institute of Marine

Science.,  Universi ty of Alaska, Fairbanks.

See References,  Chapter  I I I



Chaprer I

GEOLOGICAL STUDIES

A.  S .  Na idu



INTRODUCTION

In a recent review paper (Feder et aL.,  L976b) Naidu has made attempts

Eo surtrnarize aLL the investigations that have been carried out up to L974 on

the grain size di .str ibut ions, mineralogy, and chemistry of the cont inental

margin and cont inental  shelf  sediments of the Beaufort  Sea. Very l i rni ted

addit ional sedimentological  data have been publ ished, and those worthy of

mention include lithological-geochemical r^rork carried out by Naidu (Feder

et aL.,  I976a; Burrel l ,  L976) in the vic ini ty of the ARCO causeway si te in

Prudhoe Bay, as wel l  as on the cont inental  shelf  of  the Beaufort  Sea.

OBJECTIVES

The object ives of  the sedimentological -geochemical  invest igat ions in

the present  s tudy have been to ident i fy  the changes,  i f  any,  in  cer ta in

aspects of  the physicochemical  nature of  sediments wi th in a smal l  s t retch of

the cont inenta l  margin on the North Slope of  Alaska,  subsequent  to the con-

st ruct ion of  the ARCO new causeway.  In order  to achieve th is  object ive,  a

var iety  of  at t r ibutes of  the bot tom sedi .ments have been anal-yzed.  The main

purpose of the gtain-size analyses in the above area has been to monitor the

changes in bot tom l i tho logy,  which has impl icat ions on the understanding.

of benthic faunal habitat and sediment chemistry. The clay mineral inves-

t igat ions have been pursued to ident i fy  changes in the source,  migrat ing

pathways and deposi - t i -onal  s i tes of  f ine-gra ined terr igenous par t ic les,

which may have been introduced in the vicinity of Point Mclntyre, Prudhoe

Bay,  consequent  to construct ion of  a causeway by ARCO. In addi t i -on,

analyses of  cer ta in at t r ibutes of  the bot tom sediment  chemist ry  have been

cont inued to rnoni tor  the concentrat ions of  a sui te of  heavy metals  (Cu,  Cr,



Ni and V). Organic carbon and phosphorus have been ar.al-yzed to verify any

perturbat ions in the avai labi l i ty of  nutr ients to benthic detr i tus feeders,

pr ior and subsequent to the causeway construct ion.

MATERIALS

Sediment samples from the causeway site were collected and provided by

Dr.  H.  Feder.  Each sample was col lected by a d iver  who was g iven a conta iner

which he f i l led d i rect ly  at  the bot tom. The conEainef  was returned to the

boat  and capped.  In addi t ion,  a Fager core sample (see Chapter  I I I  for  d is-

cussion of  fh is  sampler)  was taken for  sediment  chemist ry .  Samples were

col lected f rom al l  those stat ions establ ished in L974 in the v ic in i ty  of  the

new ARCO causeway s i te ,  except  of  course,  f rom the area which has been sub-

sequent ly  occupied by the causeway.  To be more speci f ic ,  no sediment  sam-

ples were col lected f rom the stat ions 16 through 25 conforming to xhe L974

gr id.  Al l  sedi rnent  samples were stored in  a f rozen state unt i l  analys is .

ANAJ,YTICAL METHODS

Grain-size distributions of sediments were achieved by the conventional

combined s iev ing-p ipet t ing method.  Stat is t icaJ.  s ize parameters were cal -

culated by us ing the formulae g iven by Folk and l , Iard ( f957) .

For  chemical  analys is ,  representat ive por t ions (about  20 grn)  of  each

of  the sediments were f i rs t  dr ied at  t05oC and then pulver ized into f ine

powders us ing an agate mortar  and pest le .  Pr ior  to  powder ing,  a l l  par t ic les

greater  than the gravel  s ize were p icked out .  Copper,  CT,  V,  and Ni  were

anaLyzed fxom LO7" V/V HN03 acid sediment solutions by atomic absorption

spectrophotometry,  us ing a Perk in-Elmer Model  306 uni t .  Deta i ls  on the

10



methods that  were adopted to br ing sediments in to ac id solut ions have been

dwel t  upon by Naidu and Hood (1972).  The precis ion of  the t race metal

analysis was about L2%, whereas their accuracies of determinations were

checked by anaLyzing the U.S. Geological Survey standard rock sample AGV-I

and comparing the results thus obtained with those summerized by Flanagan

(1969).  Tota l  phosphorus in  the above solut ions were analyzed color imet-

rically, following the method given by Murphy and Riley (1962).

Organic carbon abundances in the sediments were determined from the

di f ferences between tota l  carbon and carbonate carbon in the sedimenLs.

Total carbon was analyzed in a Leco, TC-I2, automatic carbon determinator,

and carbonate contents in the sediments were ana1-yzed manometrically (Hi.i lse-

m a n n ,  L 9 6 6 ) .

The clay mineral cornpositi-ons of the less than 2 pm fraction of sediments

were analyzed by x-ray d i f f ract ion technique,  fo l lowing the method e laborated

by  Na idu  e t  aL .  (L97L ) .

RESULTS AND DISCUSSIONS

Sediment Texture

Table I  g ives the percentages of  gravel ,  sand,  s i l t  and c lay as wel l  as

the stat is t ica l  gra in s i -ze parameters of  bot tom sediments in  the v ic in i ty

of the new causeway site. In attempting to identify the changes in the

nature of sediment substrate in the above atea, subsequent to the causeway

consLruct ion,  gra in-s ize d is t r ibut ions per ta in ing to bot tom sediments col -

lected in  the sunrmers of .  L974 (Feder et  aL. ,  L976a) and L975 (Table I ,  th is

repor t )  have been compared on a stat ion to s tat ion basis .  Wi th the except ion

of  sLat ion 25 there is  apparent ly  no s igni f icant  change in the gravel  contents

of  the bot tom sediments.  I t  would seem, wi th the except ion of  s tat ion 28,

1 l



Table I.  Grain size distr ibutions of sediments, around

way site, Prudhoe Bay, north arctic Alaska.
were col lected in  summer 1"975-

the ARCO new cause-
Sediment samples

Sample No.
GraveI

/.
Sand

o/

S i l t Clay
KGSkro1l[zMd

PDB 75-1

PDB 75-2

PDB 75-3

PDB 75_4

PDB 75_5

PDB 75.6

PDB 75_7

PDB 75-8

PDB 75_9

PDB 75-10

PDB 75-25

PDB 75-26

PDB 75-28

PDB 75-29

PDB 75-30

PDB 75-31

PDB 75-32

PDB 75-33

PDB 75-34

PDB 75-37

PDB 75_38

PDB 75-39

Gu l l  I s .

Gu l l  I s .

Gul l  Is .

(Eas t )

(West)

(North)

1 2 . 6

0 . 5

0

0

0

0

0

0

0

0

3 8 .  9

0 . 5

0 . 4

0 . 3

0

0

0

0

0

0

0

0 . 9

0

0

0

8 6 . 9  0 . 5

9 s . 5  3 . 3

9 4 . L  s . 9

8 6 . 3  1 3 . 7

9 3 . 4  6 .  0

9 4 . L  5 . 6

7 9 . 0  2 L . 0

6 r . 7  3 6 . 4

8 0 . 4  1 8 .  s

8 3 . 1  1 5 . 9

6 1 . 1  0

9 4 . 2  4 . 7

9 8 . 5  1 . 1

9 7  . L  2 . 2

8 0 . 7  1 8 . 3

5 9 . 3  3 7  . 2

6 8 . 7  3 1 .  1

8 3 . 5  L 5 . 4

7 6 . 9  2 L . 2

48 .2  46 .8

9 8 . 2  1 .  B

9 3 . 6  s .  5

9 0 . 2  9 . 6

69 .6  29 .8

7 5 . 9  2 2 . 9

1 . 6 0  1 . 6

2 . 2 0  2 . 2

2 . 5  2 . 4

2 . 4  2 . 4

2 . 7 2  2 . 7 3

2 . 8 0  2 . 8 3

3 . 5 0  3 . 5 0

3 .  8 0  4  . 0 0

3 . 6 0  3 . 6 3

3 . 6 0  3 . 6 0

o . 4 L  - 0 . 0 3

2 . 2 0  2 . 2 0

1 .  9 1  1  . 8 7

2 . L 0  2 . r 0

3 . 4 9  3 . 5 0

3 . 8 0  4 . 0 3

3 . 7 0  3 . 8 0

3 . 2 9  3  . 0 7

3 . 4 0  3 . 3 3

4 . 0 3  4 . s 3

3 . 4 0  3 . 4 0

2 . 4 8  2 . 5 3

3 . 6 0  3 . 6 0

3 . 7 9  3 . 9 0

3 . 7 8  3 .  8 0

1  . 0 r  - 0 .  3 1  2  . 4 L

0 . 6 6  0 . 1 3  L . 2 3

0 .  6 9  0  . 2 4  L . 5 2

0 . 7 9  0 . 1 9  r . 6 4

0 .  B 0  0 . 1 4  1 . 1 5

0 . 7 2  0 .  1 0  0  . 9 4

0 . 9 0  0 . 0 5  1 . 6 9

1 . 0 9  0 . 3 4  L . 4 3

0 .  7 1  0 . L 7  1 .  9 8

0 . 6 4  0 . 3 2  1 . 9 8

1 . 5 8  - 0 . 3 0  0 . 5 2

0 . 7 2  0 .  1 4  L . 4 3

0 . 5 1  0 .  1 9  1 . 0 0

0 . 6 2  0 . 0 2  1 . 0 8

0 . 9 1  0 . r 2  1 . 9 0

1 . 4 0  0 . 3 7  1 . 3 9

o  . 9 4  0 . L 4  L . 6 9

1 .  1 8  - 0 .  r 0  1 . 0 3

1 . 3 9  L . 2 6  L . 6 7

L . 3 7  0 . 5 6  1 . 5 5

0 . 3 2  - 0 . 0 5  1 . 1 3

0 . 7 8  0 . 0 9  1 . 3 8

0 .  3 8  0 .  l - 7  r . 5 4

0 .  7 3  I  . 5 1  r .  5 8

0 . 7 2  0 . 2 5  2 . 3

0

0 . 7

0

0

0 . 6

0 . 3

0

L . 9

1 . 1

1 . 0

0

0 . 6

0

o . 4
1 . 0

3 . 5

0 . 2

l . l

L . 9

5 . 0

0

0

0 . 2

0 . 6

I . 2

L2



there has been evident ly,  a coarsening in the substrate throughout the studied

A

area,  subsequent  to the causeway construct ion.  This is  qui te ev ident  f rom

the  s ta t i s t i ca l l y  s i gn i f i can t  i nc rease  (a t  997  con f .Ldence  l eve l  based  on ' t t

test  ca lculat ions)  in  sand contents of  sediments wi th a concomit tant  decrease

in the s i l t  and/or  c lay contents.  In  addi t ion,  there is  a re lat ive increase

in the rnean (Figs.  L,  2,  and 3)  and median s izes of  sediment  gra ins.  Wi th

the except ion of  th is ,  apparent ly  there is  no s igni f icant  change in the other

gra in sLze parameters (F igs.  1,  2,  3,  and 4) .  However,  there is  present ly

some diff iculty to explain, in terms of the prevalent hydrodynamic conditions,

x - PDB75 Samples
o - PDB74 Samples

o
o
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o

a

x  q x  o x
t O
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i i^} fxx
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x x

- 1  0 1 2 3 4 5 6 7 8
Mz

Figure 1.  Scat terp lots  showing the re lat ion between Ehe mean s izes and

sort ing coef f ic ients of  sediments col lected pr ior  (PDB74) and

subsequent  to (PDB75) the causeway construct ion.
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Figure 2. Scatterplots showing relation between the mean sizes and skewness
of size distr ibut ions of sediments, col lected pr ior (PDB74) and
subsequent to (PDB75) the causeway construct ion.

the factors that might. have contributed to bringing about a general coarsen-

ing in the substrate deposit.s consequent to the causeway construction. The

continental margin environment of the North Slope of Alaska is a low energy

depositional environment, except during occasional high storms (Naidu and

Mowatt ,  L975).  Therefore, any al terat ions in the sediment deposit ional

regime, because of anthropogenic or natural  perturbat ions in the coastal

0.4

o.2

l'l-v
ct)

64.2
Mz
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Figure 3. Scatterplots shor^ring the relationship between the rnean sizes and
kurtosis of sLze distr ibutions of sediments, co1-lected prior (P'D874)
and subsequent to (PDB75) the causeway construction.
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Figure 4. Scatterplots showing the relat ionships between the sort ing coet-

f ic ients and skewness values of s ize distr ibut ions of sediments'

col lecred pr ior (PDB74) and subsequent to (PDB75) to the cause-

way construct ion.

geomorphology,  most  l ike ly  would be gradual .  As such i t  is  d i f f icu l t  to

conceive that during the span of one year (from 1974 sununer to 1975 sunrner)

there would be recognizabLe changes in the sediment textural attributes re-

sul t ing ent i re ly  f rom the causeway construct ion.  The other  possib le factors

that could have contributed to the observed coarseni-ng in the sediment sub-

st rate,  af ter  the causer^ray construct ion,  re late to sediment  sampl ing error

2
6r

0 4

I 6



and infiltration of coarse fluvial material during the causeway constructi.on

p r o c e s s .

Clay lulineralogy

Table I I  shows the weighted peak area percents (Biscaye,  1965) of  c lay

minerals  in  the less than 2 ym s ize f ract ion of  representat ive sediment

samples in the vicinity of the causeway. On comparing the clay mineral data

perta in ing to sediment  sui tes col lected pr ior  and subsequent  to the causeway

cons t ruc t i on  (Fede r  e t  aL . ,  L976a ;  Tab le  I I  i n  t h i s  repo r t ) ,  i t  i s  obse rved

that  there is  no s igni f icant  d i f ference in the re lat ive concentrat ions of  the

var ious c lay minerals .  This  suggests that  the nature of  the terr igenous

source of f ine-grained sedjments for the causet/ay environs has not signifi-

cant ly  changed subsequent  to the causeway construct ion.  Therefore,  the pr i -

mary terr igenous source of  the f ine-gra ined detr i tus in  the v ic in i ty  of  the

causeway most probably remains to be the Sagavanirktok River as observed

ea r l i e r  (Fede r  e t  aL . ,  L976a ) .

Sedirnent Geochemis try

Table I I I  g ives the contents of  organic carbon and carbonate in  the

gravel - f ree sediments that  were col lected in  the v ic in i ty  of  the causeway

in the sunmer of  1975.  Table IV c i tes the concentrat ions of  Cu,  Cr ,  Ni ,

and V in the above deposi ts .  Table V shows the phosphorus contents on bot tom

sediment samples that were collected in the vicinity of the cause\ilay in the

sunrmers of  L974 and 1975,  pr ior  and subsequent  to the causeway construct ion '

respect ive ly .  Table VI  presents basel ine phosphorus data on sediment  samples

obta ined f rom the Prudhoe Bay area pr ior  to  the construct ion of  the causeway.

I 7



Table I I . minerals in the <

cause\^tay site and
Sediment samples

2 pm frac-
the Gull
were col-

Weighted peak area percents of c lay
tions of sedimeilEs around the ARCO
Island, Prudhoe Bay, arct ic Alaska.
lected in summer T975.

Sample No. smecri te I l l i te Kaol inire Chlor i te Kaol.  /Ctrto.  I l l i te/srnect i te

PDB 75-2

PDB 75-3

PDB 75-4

PDB 75-5

PDB 75-6

PDB 75-7

PDB 75-27

PDB 75-28

PDB 75-29

PDB 75-30

PDB 75-31

PDB 75-32

PDB 75-33

PDB 75-34

PDB 75-37

PDB 75-38

PDB 75-39

Gul l  Is .

Gul l  Is .

Gul l  Is .

(North)

(I,[est)

(Eas t )

2

2

3

3

4

3

5

2

4

5

2

8

5

3

2

3

4

6

+

J

6 3

6 2

64

6 2

5 8

62

6 3

6 2

6 2

6L

69

59

64

63

66

6L

6 2

6L

6 6

6 2

L2

L 2

1 t

L 2

L4

T4

13

13

L2

10

10

1t

L2

L2

11

13

11

l1

10

l3

23

24

2 2

23

24

2 I

19

23

2 2

24

19

2 2

r9

2 2

2 l

2 3

23

2 2

20

22

0 . 5

0 . 5

0 . 5

0 . 5

0 . 6

0 . 7

0 . 7

0 . 6

0 . 6

0 . 4

0 . 5

0 . 5

0 . 6

0 . 6

0 . 5

0 . 6

0 . 5

0 . 5

0 . 5

0 . 6

3 2

31-

2L

2L

15

2L

13

31

1-6

L2

3 5

7

13

2 L

33

20

l6

10

L7

11

1 8
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Table III. Organic carbon and carbonate contents in gravel-free sediments
collected around the ARCO new causeway site, Prudhoe Bay, in
summer L975. A11 concentrat ions are expressed on dry weight
b a s i s .

Sarnple No. Organic C (7() co3 (%)

PDB 75-1

PDB 75-2

PDB 75-3

PDB 75-4

PDB 75-5

PDB 75-6

PDB 75-7

PDB 75-B

PDB 75-9

PDB 75-10

PDB 75-26

PDB 75-27

PDB 75-28

PDB 75-29

PDB 75-30

PDB 75-31

PDB 75-32

PDB 75-33

PDB 75-34

PDB 75-37

PDB 75-38

PDB 75-39

Gull Island

Gul1 Is land

Gul l  Is land

(Eas t )

(No r th )

(Wes t )

L . 3 4

0 .  0 B

0 .  1 1

0 .  1 8

2 . L 2

0 .  5 1

1 .  7 B

2 . 3 4

r . 2 6

0 . 6 9

0 .  t 8

0 . 0 4

0 .  0 2

0 .  04

r . 2 2

L . 4 7

L . 6 6

0 . 6 6

0 .  B 0

0 . 3 4

o . L 7

0 .  8 5

0 . 2 0

0 . 6 2

0 .  8 4

4 . 3 8

6 . 0 1

L0 .79

1 5  . 9 5

t 5 . 0 0

L 6 . 9 6

1 6 . 6 1

L5.46

1 5 . 5 6

1 6 . 8 6

6 .  8 3

7  . 3 0

4 . 1 8

11 .  10

L5 .52

1 5 . 8 9

1 3 .  s 3

1 4 . 3 3

1 6 . 8 3

16 .  80

L8.49

9 . 6 L

1 8 . 3 2

1 6 . 6 9

L 6 . 4 0

Averages 0 . 7 8

I 9

L3.42



Table IV. Concentrations of copper, chromiurn, nickel
gravel-free sediment fractions ' around the

si te,  Prudhoe Bay.  A11 concentrat ions are

on dry weight  basis .  Samples col lected in

and vanadium in
ARCO new causewaY
expressed in ppm
sunrmer L97 5 .

Sample No. N iCrCu

PDB 75-I

PDB 75-2

PDB 75-3

PDB 75-4

PDB 75-5

PDB 75-6

PDB 75-7

PDB 75-8

PDB 75-9

PDB 75-10

PDB 75-26

PDB 75-27

PDB 75-28

PDB 75-29

PDB 75-30

PDB 75-31

PDB 75-32

PDB 75-33

PDB 75-34

PDB 75-37

PDB 75-38

PDB 75-39

Gul l  Is land

Gul l  Is land

Gul1 Is land

(east )

(West)

(North)

19

23

26

23

6L

s4
59

63

6T

54

2B

L9

L4

30

52

59

44

4 7

s9
4 2

5 2

30

47

59

s9

45

43

4 2

24

5 7

69

7 5

87

7 4

67

4B

46

22

4 2

7 5

73

64

63

50

30

36

2T

34

5 2

4 9

6

6

8

8

26

I4

23

20

1B

I6

6

5

6

6

I7

L9

13

11

L7

11

12

9

L2

L7

18

35

38

4s
40

95

73

93

110

90

83

4 3

40

35

48

B5

9B

BO

7 3

65

4 5

55

40

6B

70

55

5 2Averages 13

2 0

43 6lt
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Tabl-e V. Concentrat ions of phosphorus in gravel- free sediments col lected
at the ARCO new causeway site, Prudhoe Bay, in summer l-974
(PDB 74 series) and. L975 (PDB 75 series).  A11 concentrat ions
are expressed as weight percents on a dry weight basis.

Sample No. PDB 74 Sarnple Series PDB 75 Sample Series

1

2

4

5

6

7

B

9

10

15

16

L 7

1B

19

20

2I

22

23
' , L

25

26

27

28

29

30

31

3 2

3 3

34

0 .  034

0 . 0 6 5

0 . 0 7 0

0 . 0 9 1

0 . r25

o . 2 2 3

0 . 3 3 1

0 . 0 9 7

0 . 2 1 0

0 . 0 7 9

0 . 0 7 8

0 . 1 9 0

0 . 0 8 3

0 . 2 4 4

0 .  080

0 .  056

o . 0 7 9

0 . 0 6 0

0 .  050

0 . 0 7 5

0 . 0 7 2

0 . 0 4 4

0 . 1 2 8

0 . 0 9 1

0 . r 2 2

0 .  080

0 .  115

0 . 0 8 1

0 .  063

0 .  066

0 . 0 6 6

0 .  060

0 . 0 5 6

0 .  088

0 .  0 9 7

0 . 0 8 4

0 . 0 7 2

0 , 0 4 4

0 .  053

0 . o 4 4

0 . 0 6 6

0 . 0 7 9

0 .  081

0 .  079

0 .  060

0.  084
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Table V. (Cont inued)

Sample No. PDB 74 Sample Ser ies PDB 75 Sample Ser ies

a a
J I

3 B

3 9

4L

4 3

Gull Island (East)

Gull Island (North)

Gull Island (lJest)

Averages

0 . 1 5 4

0 .  1 0 1

0 . I 2 2

0 .  1 4 1

0 .  1 0 3

0 . 1 1 3

o  .097

0 . 0 7 8

0 .  0 6 6

0 .  0 5 8

o . o 7  2

0 . 0 6 9

0 . 0 7 8

0 . 0 8 1

0 . 1 0 1 0 .  0 6 9

22



Tab le  V I . Concentrat ions of phosphorus in gravel- free sediments col lected
from the Prudhoe Bay and adjacent shallow marine environment
(Fig. 1).  Al l  concentrat ions are expressed on a dry weight
basis.  Samples col lected i-n suf l t rner L974.

Sample No. Phosphorus %

70 BS-18

7 0  B S - 1 9

70 BS-21

7 0  B S - 2 2

71 AJT-5

71 AJT-16

71 AJT-18

71 AJT-19

7I AJT-20

71 AER-15

72 AJT-3

72 AJT-4

72 AJT-5

72 AJT_6

72 AJT_j

72 AJT-8

72 AER-20

72 AER-22

72 AER-23

72 AER-24

72 AER-25

72 AER-26

72 AER-Lzg

72 AER-L34

72 AER-T37

72 AER-166

72 AER.L67

72 AER-I68

0 .  084

0 . 0 7 5

0 . 1 1 3

0 . 0 9 1

0 . 0 7 8

0 .  0 9 1

0 .  109

0 . 0 8 1

0 .  0 9 8

0 . 0 6 9

0 . 0 7 5

0 . 0 7 9

0 . 0 6 9

0 .  098

0 . 0 7 8

O.  OBB

0.  059

0 .  1 0 0

0 .  090

0 . 0 9 1

0 .  100

0 .  140

0 .  094

0 . 1 1 0

0 .  091

0 .  104

0 . 0 7 5

0 . 0 7 9

23

Average 0 .  090



Student  t t t  tests were conducted,  in  an at tempt to determine i f  there

had been any s igni f icant  a l terat ions in  the mean concentrat ions of  the

analyzed chemical parameters of sediments, prior and subsequent to the cause-

way construct ion.  Resul ts  of  these tests are shown in Table VI I ,  which

suggest that there have been no significant changes in the analyzed components,

wi th the except ion of  a re lat ive increase in the organic carbon contents.

The var iat ions in  the concentrat ions of  Ni  in  the 1975 ser ies of  sedi -

ment  samples do not  conform to the pat tern of  predict ion establ ished upon

the basis  of  the Ni  covar iance wi th other  sediment  parameters in  the base-

l ine sediment  samples col lected in  L974,  and the l i tho logical  changes iden-

t i f ied in  the 1975 sediment  samples.  Resul ts  f rom the study of .  1-974 sample

se r i es  (Fede r  e t  aL . ,  I 976a )  sugges ted  tha t  any  s ign i f i can t  dec rease  i n  t he

overal l  mud,  organic carbon,  and carbonate contents in  sediments in  the

causeway area would most probably also lead to a simultaneous decrease in the

overal l  Ni concentrat ions in those sediments. However,  as mentioned earl ier,

results on the .L975 sample ser ies have been contrary to expectat ion, inasmuch

as the mean concentrat ions of  Ni  in  the above samples have not  a l tered s ig-

n i f icant ly  a l though the contents of  mud have decreased drast ica l ly  and the

mean concentrat ions of  organic carbon have s igni f icant ly  increased (Table

VI I ) .  The foregoing "d iscrepancy" most  l ike ly  re lates to sediment  sampl ing

errors,  and possib ly  to conclus ions drawn on l imi ted stat is t ica l  evaluat ions.  *

Dur ing the summers of  1974 and 1975 s ingle sediment  samples were col lected

from each of  the several  s tat ions establ ished on a s imple gr id pat tern.

However,  i t  would seem stat is t ica l ly  more appropr iate to obta in repl icate

sediment  samples (a min imum of  four)  f rom at  least  one- th i rd of  the tota l

number of  s tat ions occupied.  The stat ions wi th mul t ip le sample locat ions

around them could then be considered as sampl ing cel ls .  The mean,  as wel l

L +



Table VII. Differences in the average concentrations of organic carbon,
carbonate, phosphorus, and sone heavy rnetals in bottom sedi-
ments collected in the summers of L974 and 1975 at the ARCO
new causeway site. A11 concentrations are on a dry weight
b a s i s .

Chemical
Component 1974 Sampl-es 1975 Samples Student t t t  Test Results

Ore.  c  (%)

co; v")

P  ( % )

Cr (ppm)

Ni (ppm)

V (pprn)

0 .  3 6

L3.67

0 . 1 1 1

50

35

52

0 . 7 8

L 2 . 9 L

0 .  069

5 3

42

64

Signif icant*

Insignificant

Insignj-f icant

Insignif icant

Insignificant

Insignificant

:tDifferences significant at- 95% confidence level.

25



as the standard deviations, on each of the textural and chemical parameters

anaLyzed for the suite of replicate samples for the individual cells must

then be determined. Such data obtained for one sumrner could then be compared

wi th s imi lar  data col lected dur ing subsequent  sur t rners.  Fur thermore,  the

significance in the variance correlation between one parameter and another

(e .g . ,  o rgan i c  ca rbon  con ten ts  vs  N i  con ten ts ,  mud  con ten ts  vs  N i  con ten ts ,  *

etc. )  for  the sample sui tes col lected dur ing any one summer '  must  be stat is-

t ica l ly  checked by the calculat ion of  corre lat ion coef f ic ients rather  than

depending on the semiquantitative method based on graphical determinations

v ia  sca t te rP lo t s .

Some data are current ly  avai lable on par t i t ion pat terns of  Cu,  Cr ,  Ni ,

and V between the l i thogenous (detr i ta l ,  crysta l  la t t ice-held)  and nonl j - tho-

genous (nondetr i ta l ,  re lat ive ly  more rmobi le '  phase) sediment  components

(Chester  and Hughes,  L967) of  a few sediment  samples col lected dur ing the

suflrmer of L974 in the vicinity of the cause\^Iay site. These data have been

gathered by Naidu (Burre l l ,  L976) under the auspices of  a NOAA/OCS sponsored -

p ro jec t .  I t  wou ld  seem tha t  on  an  ave rage  19% o f  t he  Cu ,  4% o f .  t he  C t ,6%

of the Ni ,  and L3% of  the V in the gross sediment  are par t i t ioned in the

nonl i thogenous phase.

As of  th is  s tage of  s tudy,  i t  would seem that  the observed s igni f icant

increase in the mean concentrat ions of  organic carbon in the 1975 sediment

sui te over  that  of  the 1974 sediment  sui te ( table VI I )  most  l ike ly  re lates

to a notable increase in the tota l  benth ic  b iomass ( refer  to  Federrs chaptet  
-

i n  t h i s  repo r t ) .
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INTRODUCTION

This study cont inues work begun in L974 to ascertain the effects of

a gravel causeway that extends 4400 feet into Prudhoe Bay. The results

of the 1974 sampl ing indicated that al l  the hydrocarbons in the biota and

sediments of Prudhoe Bay were largely biogenic in or igi-n.

Those samples were taken in AugusE L974, before the gravel causeway

was bui l t .  The samples discussed here were col lected in August L975, after

Ehe causeway was already in place. This yearts work, using more sensit ive

analyt ical  methods, indicates that both petroleum and biogenic hydrocarbons

are present in Prudhoe Bay sediments.

Obj ect ive

The object ives of  the hydrocarbon por t ion of  th is  pro ject  have been

to survey the kinds and amounLs of hydrocarbons present in the sedi-ments and

biota of  Prudhoe Bay and adjacent  waters,  and to indicate any changes that

have occurred s ince the 1974 study was conducted.

Sampling

Sampl ing aL Prudhoe Bay was conducted dur ing August ,  1975 at  the same

stat i -ons where 1974 samples were col lected.  Sedirnents were col lected a long

transects on e i ther  s ide of  the causeway,  and a long one shor ter  t ransect

about  a mi le to the nor thwest  of  the causeway.  A1so,  two new stat ions were

sampled at the cause\iray site. The two stations are located on shore about

500 feet on either side of the causeway and about 200 feet landward of the

shorel ine.  Both of  these samples conta ined p lant  mater ia l  as wel l  as

sediment. Location of sampling stations is shown in Table I. Sediment was
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Table I .  Sample locat ions -  hydrocarbons, sediment,  biota

Sta t i on

1

2
4
6
B

10
2 5
2 6
2 8
30
3 2
J 4

3 7
38
3 9

1000 feet SE of causeway, onshore
1000 feet SE of causeway, 500 feet f rom shore
1000 feet SE of cause\^/ay, 1500 feet f rom shore
1000 feet SE of causeway, 25OO feet from shore
1000 feet SE of causer,ray, 3500 feet f rom shore
1000 fee t  SE o f  causeway,  4500 fee t  f rom shore
1000 feet NW of causeway, onshore
1000 feet NI,r I  of  causeway, 500 feet f rom shore
1000 feet NW of causeway, 1500 feet f rom shore
1000 feet NW of causeway, 2500 feet f rom shore
1000 feet NI^l  of  causeway, 3500 feet f rom shore
1000 feet NW of causeway, 4500 feet f rom shore

1 rni  NW of causeway, 1500 feet f rom shore
1 mi NW of causeway, 2500 feet f rom shore
I mi NW of causeway, 3500 feet f rom shore

a lso  co l l ec ted  on  the  eas t  and  wes t  s l des  o f  t he  sou th  sp i t  o f  Gu l l  I s l and .

Fishes were col lected at  the west  t ip  of  the ner^r  causeway by 9111 net .

On ly  t he  t a i l  po r t i ons  o f  t he  f i sh  we re  saved  ( f r ozen ) .

Sediment  was col lected bv d ivers.  The d iver  was handed a pre-c leaned

g lass  j a r  wh {ch  he  f i l l ed  d i rec t l y  a t  t he  bo t tom.  The  Ja r  was  re tu rned

to  t he  boa t  and  recapped .  Asho re ,  t he  j a r  was  f rozen  un t l l  ana l ys i s .  A t

two sampl ing stat lons,  two samples were taken.  These samples were analysed

separate ly  so that  the var labi l i ty  at  a g iven point  could be measured.  The

sediments col lected were general ly  muddy and conta ined mater ia l  which

appeared to be tundra f ragments.

SAMPLE ANALYSIS

Mater ia ls

A11 solvents were redis t i l led j -n g lass pr ior  to  use.  Pur i ty  was

establ ished by concentrat l -ng in  uacuo 400 rn l  of  the redis t i l led solvent  to

app rox ima te l y  1 .0  m l .  F i ve  U l  o f  t he  resu l t i ng  so lu t i on  was  ana l ysed  by

gas chromatography (GC) under the same condi t ions used for  l rydrocarbon

J Z



samples.  0n1y solvents which demonstrated l i t t1e or  no ey idence of  con-

taminat ion by th is  method were used.

Dist i l led Hro was redist i l led in glass from KMnoo and assayed for

contaminants by extract ing three t imes with 100 rnl  of  hexane. The hexane

extract r^/as concentrated in uaeuo to 1.0 ml and analysed by GC. The lN

KOH in methanol was also cheeked in this manner.

A11 analyses were done on chromatographs wi th dual  co lumn f lame ion-

Lzat ion detectors.  However,  two d i f ferent  inst ruments were used;  a Var ian

I52O B for  the sediment  samples and a Hewlet t -Packard 57lOA for  the f ish

samples.  A11 chromatograms were temperature prograrmned.  Those on the

Var ian were progranuned to run f rom 6OoC to 290"C at  15oC/min.  The H-p was

programmed to hold the column lsothermal  at  BOoC for  two minutes,  then

approach 280"C at  8oC/mln,  and hold the temperature at  28OoC for  16 mln.

Co lumns  were  1 /8 "  by  L2 '  s ta in less  s tee l  packed  w i th  3% OV-101  on  100 -120

mesh AW-DMCS Chrornosorb W.

A11 saponi f icat ions l^ /ere done in 500 rn l  f la t  bot tom f lasks and 10"

ref lux condensers.  Glassware was precleaned wi th acetone and hexane

pr ior  to  use.  Dissect i .on apparatus and other  metal  which came in con-

tact  wi th samples was f lamed pr ior  to  use.  A b lank to check for  so lvent

pur i ty  and accldenta l  contaminat ion was run wi th each set  of  f ive samples.

Sedi-ment  Procedure

Af ter  sediment  samples were thawed,  70-80 grams of  wet  sediment  was

weighed d i rect ly  in to a 500 rn l  f la t  bot tomed boi l ing f lask to rohich 100 n l

methanol '  100 ml  of  lN KOH in methanof  and 50 m1 HrO were added.  The mixture

was ref luxed for  two hours wi th cont inuous st i r r ing,  us lng a tef lon coated

magnet ic  s t i r r ing bar .  At  the end of  that  t lme,  pH of  the sol_ut ion was

checked to make sure l t  was >10 and the solut ion was a l lowed to coo1.

2 ' )
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The methanol lc  mixture was extracted three t imes wi th 100 m1 hexane.

The hexane used for each extraction was poured into the sediment and shaken

wel l  before being poured into the separatory funnel .  The combined hexane

extracts were extracted once wLth 150 m1 saturated aqueous NaC, l  so lut ion

and a l lowed to dry over  anhydrous NaTSOO overnight .

The dry hexane extracts were concentrated in  uacuo to exact ly  10

ml and a 100 p1 a l iquot  dr ied and weighed on an e lect robalance.  The

weight  of  l ip id in  the a l iquot  was used to determine how much sample to

use in l iqu id chromatography.

Sl l - lca gel  was act ivated at  120'C for  24 hours and deact ivated wi th

5% H2O. Alumina was act ivated at  250'C for  24 hours and deact ivated

wLth 6% HrO. Hexane washed,  oven dr ied g lass wool  was used to p lug a

25 mI buret .  This  was r insed wi th hexane immediate ly  before bul ld ing the

column. The column was bui l t  o f  5 ml  a lumina over  10 ml  s i l ica ge1 poured

ln a hexane slurry. This made a column of 11 rnrn x 17 cm with a pore volume

of  approximately  5 ml .  I t  was f lushed wi th at  least  one pore volume of

hexane  p r i o r  t o  use .  us ing  a  po r t i on ,  o r  a l l  o f  t he  samp le ,  t h l - s  co lumn

was loaded wi th 2 mg of  l ip id in  < 1 ml  hexane.  The column packing:  l ip id

we igh t  ra t i o  was  1000 :1 .  (Fo r  samp les  w i th  a  h ighe r  l i p i d  con ten t ,  a  l a rge r

column was used,  mainta in ing that  rat io . )  Tt^ lo e luate f ract ions were co1-

lected separate ly ;  20 ml  of  hexane,  and 20 rn1 of  benzene.  The two f ract ions

were concentrated in  uacuo to 1 ml ,  then t ransferred to tared g lass v ia1s.

They were fur ther  concentrated under a st ream of  dry n i t rogen to < 1 ml ,

then weighed and the volume of  so lvent  determined f rom the densi ty  of  hex-

ane  ( . 660  g /mL)  o r  benzene  ( , 879  e /nL ) .

Analys is  was then per formed by GC. Quant i f icat ion was done by p lani -

metry usf-ng an external  s tandard procedure wherein the area under the curve
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samples.  Only solvents which demonstrated 1 i t t le  or  no ev idence of  con-

taminat ion by th is  method were used.

Dist i l led Hro was redis t i l led in  g lass f rom KMnoo and assayed for

contaminants by extract ing three t imes wi th 100 m1 of  hexane.  The hexane

extract  \^7as concentrated 'Ln UAcuO to 1.0 rn l  and analysed by GC. The 1N

KOH in methanol  was a lso checked in th is  manner.

A11 analyses were done on chromatographs with dual column flame ion-

Lzat ion detectors.  However,  two d i f ferent  inst ruments were usedl  a Var ian

1520 B for  the sediment  samples and a Hewlet t -Packard 57104 for  the f ish

samples.  A11 chromatograms were temperature prograrnmed.  Those on the

Var ian were prograrnmned to run f rom 60oC to 290"C at  l5og/min.  The H-p was

programmed to hold the column lsothermal  at  80oC for  two minutes,  then

app roach  280 'C  a t  BoC/ rn ln ,  and  ho ld  t he  tempera tu re  a t  2BOoC fo r  16  rn ln .

Columns were 1/8"  by 12 '  s ta in less sreel  packed wLth 37.  OV- l_01 on 100-120

rnesh AW-DMCS Chronosorb W.

A11 saponi f icat ions were done in 500 ml  f la t  bot tom f lasks and 10"

ref lux condensers.  Glassware was precleaned wi th acetone and hexane

pr ior  to  use.  Dlssect ion apparatus and other  metal  which came in con-

tact  wi th samples was f lamed pr ior  to  use.  A b lank to check for  so lvent

pur i ty  and accidenta l  contaminat ion was run wi th each set  of  f ive samples.

Sedi-ment  Procedure

Af ter  sediment  samples were thawed,  70-80 grams of  wet  sediment  was

weighed d i rect ly  in to a 500 m1 f la t  bot tomed boi l ing f lask ro which 100 m1

methanol '  100 ml  of  1N KOH in methanol  and 50 ml  HrO were added.  The mixture

was ref luxed for  two hours wi th cont inuous st i r r ing,  usJ-ng a tef lon coated

magnet i -c  s t i r r ing bar .  At  the end of  that  t l rne,  pH of  the sol_ut ion was

checked to make sure l t  was >10 and the solut ion was a l lowed to cool .
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The methanol ic  mixture was extracted three t imes ru i th  l -00 ml  hexane

The hexane used for  each extract ion was poured into the sediment  and shaken

well before being poured into the separatory funnel. The combined hexane

extracts were extracted once wl th 150 rn1 saturated aqueous NaCl  solut ion E

and allowed to dry over anhydrous NaTSOO overnight

The dry hexane extracts were concentrated in  uacuo to exact ly  10

ml and a 100 p1 a l iquot  dr ied and weighed on an e lect robalance.  The

weight  of  l ip id in  the a l iquot  was used to determine how much sample to

use in l iqu id chromatography.

S l1 l ca  ge l  was  ac t i va ted  a t  120 "C  fo r  24  hou rs  and  deac t i va ted  w i th

5Z H2O. Alumina was act ivated at  250"C for  24 hours and deact ivated

wLth 6% HrO. Hexane washed,  oven dr ied g lass wool  was used to p lug a

25 mI buret .  This  was r insed wi th hexane inmediate ly  before but ld lng the

colurnn" The coltrmn was built of 5 m1 alumina over 10 ml sil ica gel poured

ln a hexane slurry. This made a column of 11 mm x 17 cm wlth a pore volume

of  approxl rnate ly  5 ml .  I t  was f lushed wi th at  leasc one pore volume of

hexane  p r i o r  t o  use .  us ing  a  po r t i on ,  o r  a l l  o f  t he  samp le ,  t h l s  co lumn

was loaded wi th 2 mg of  l ip id in  < 1 ml  hexane.  The column packlng:  l ip ld

we igh t  ra t i o  was  1000 :1 .  (Fo r  samp les  w i th  a  h ighe r  l i p i d  con ten t ,  a  l a rge r

column was used,  mainta in lng that  rat io . )  T\ ro e luate f ract ions were col -

lected separate ly l  20 ml  of  hexane" and 20 m1 of  benzene.  The two f ract ions

were concentrated in  uacuo to 1 ml ,  then t ransferred to tared g lass v ia1s.

They were fur ther  concentrated under a st ream of  dry n i t rogen to < 1 m1,

then weighed and the volume of solvent determined from the density of hex-

a n e  ( . 6 6 0  g l n L )  o r  b e n z e n e  ( , 8 7 9  B / m 1 ) .

Analysis was then performed by GC. Quanti f icat ion was done by plani-

metry uslng an external standard procedure wherein the area under the curve
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for  a sample is  compared to the area under the curve of  a s tandard of

known concentrat lon.  Ef f i -c iency of  the procedure is  measured regular ly

by measur ing the recovery of  an added spike.  This factor  1s taken into

account  and used in quant i ta t ion.  The f ina l  concentrat ion of  hvdrocarbons

i s  based  on  we t  we igh t  o f  t he  sed lmen t  ex t rac ted .

One sedl -ment  sample was subjected to fur ther  GC analys is  on a 0.7 mm

by 50 m 0V lOl-support  coated open tubular  (SCOT) column. other  samples

were analysed by a Hewlet t -Packard 5930/5933 gas chromatograph-mass spectro-

meter  (GC-MS) sysrem.

Bio logical  Procedure

Samples were thawed at room temperature and about 50 g cut into sma1l

p ieces wl th sc issors.  The f lsh was weighed and then macerated wi th 100 ml_

methanol  in  a Vl r t is  homogenizer  for  approximately  three mlnutes.  The

homogenate l^ /as poured into a 500 ml  f la t  bot torned f lask,  100 rn l  KOH nethanol

and 50 m1 HrO was added.  The mixture was ref luxed for  two hours and then

the pH was checked to make sure i t  was greater  than 10.

The samples were prepared for  GC analys is  ln  the same nanner as the

sediment  samples.  GC analys is  and quant l f icat ion were per formed in the

same manner a lso.  F inal  hydrocarbon concentrat ions are based on the wet

welght  of  the f ish extracted.  Three samples were analysed by a Hewlet t -

Packard 5930/5933 GC-MS svsrem.

RESULTS AND DISCUSSION

Weights of  hydrocarbons extracted f rom the sediments are presented

in Table I I .  The chromatograms of  a l l  the hexane f ract lons of  the sedi -

ments are in  Appendlx A.  Mass spectroscopy of  the benzene f ract ions indlcated
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that the main const i tuents are methyl  esters, results of incornplete

saponif icat lon. This means that nei ther the weights of hydrocarbons cal-

culated for these fract ions nor Lhelr  chromatograms are indicat ive of the

aromatic content of the sediments. Therefore, the chromatograms for the

benzene fract ions are not included in this report .  In addit ion, four sam-

ples of sediment col lected In 1974 were re-analysed, as the method used

In 7975 was so di f ferent that comparison wl-th L974 results l ras not possible.

The sediments col lected from the bay l tsel f  were general ly sandy to

muddy; the sediments col lected on the beach near the cause\, /ay were sandv

Table I I .  Hydrocarbons in Prudhoe Bay sediments,  expressed in mg/kg
based on wet  welght  of  sediment .

Hvdrocarbon content
Station Number Hexane Fract ion Benzene Fract ion

1
2
4-r
4-2
6

t_0
2 5
2 6
2B-1
28-2
30
32
34
3 7
3 B
3 9
Gul l  I s .  S .  Sp i t -Eas t
Gu1 l  Is .  S .  Sp i t -West

2  (1974)
37 (L974)
38 (Le74)
39 (L974)

1 2 . 5
1 . 6
2 . 7
3 . 6
5 . 3
7 . 3

32 .7
5 . 4
0 . 9
2 . 2

L 2 . B
1 2 . 9
ro .2
3 . 4
2 . 2
1 . 1

1 2 . 2
LO.2
4 . 4
3 . 6
1 . 8
0 . 7

2 L . L
3 . 6
t i

7 . 4
8 . 1

t_1.  1
3 9 .  B
1 0 .  6
1 . 1
0 . 7
7 . 0
5 . 7
7 . 8
3 . 6
1 . 3
l_.  6

1_0. 5
1 0 .  5
5 . 5

1 0 .  5
0 . 9
1 . 3
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and contained tundra plants. The tundra was collected to deLermine how

much,  i f  any,  of  the hydrocarbons found in the sediments could be

at t r ibuted to the tundra f ragments in  them. The sediments col lected

at  Gul l  Is land were sandv.

Upcn examination of the chromatograms, two trends are evident. The

beach stat ions,  numbers L and 25,  show a regular  ser i -es of  normal  hydro-

carbons star t ing at  n-CrO and cont inuing to n-C32 wi th a general  domin-

ance of  odd chain lengths.  These two scaEions show no s ign of  phytane,

which indicates that  th is  ser i -es is  b iogenic rather  than of  petro leum

or ig in.  Another  s ign that  th is  is  not  petro leum is  the absence of  the

large unresolved envelope which is  typ ical  of  crude o i l .

The stations sampled around the causeway show the same regular series

of normal hydrocarbons with a predominance of odd chain lengths. However,

the amount of hydrocarbons i-n these sediments is less than the beach

sediments.  There is  an unresolved envelope in some of  the chromato-

grams,  and there are indicat ions of  pr is tane and phytane e lut ing immedi-

a t . e l y  a f t e r  r -C " ,  and  n -C , . ,  r espec t i ve l y .  The  p resence  o f  phy tane  i n  a-  r t  1 6 '

concentrat ion comparable to pr is tane is  rare in  b iogenic hydrocarbons,

but  is  typ ical  of  petro leum and is  found in Prudhoe Bay crude o i l .  The

Gul l  Is land stat ions are very s imi lar  to  the bay stat ions,  but  the con-

centraEions of  hydrocarbons present  are h igher .

GC-MS analysis of the hexane eluate of column chromatography of Gull

Is land sediment  ind icates that  a l l  major  GC peaks are hydrocarbons.

This is  not  t rue for  the benzene e luate f rom th is  sample.  GC-MS shows

that  the major  peaks in  th is  eulate are methyl  esters.  This indicates

that  the two-hour saponi f icat ion t ime used is  insuf f ic ient  for  cornplete

ester  removal .  GC-MS of  the benzene e luate us ing s ingle ion moni tor ing
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(SIM) shor^rs the presence of  two,  three,  four ,  and f i -ve r ing condensed

aromatics and their alkyl derivatives. This data and analogous data

for Prudhoe Bay crude oil which had been subjected to the same column

chromatographic separat ion are shown on Table I I I .  The GC retent ion

t imes of  the molecules l is ted are the same for  borh the sediment  and crude

and are reasonable for  the st ructures suggested.  The same SIM analys is ,

when performed of the blank extraction which had been run with the sedi-

ment sample from Gull Island, showed only three ring aromatics in minor

amounts compared with the sediment extract and the crude.

Chromatograms of  the sediments col lected in  L9l4 and reanalysed

th is  year  show the same features as those col lected in  the same places

in L975.  The concentrat ions are s imi lar .

Table IV presents the weights of hydrocarbons found in the fish

col lected,  in  Prudhoe Bay.  The chromatograms for  a l l  the hexane f ract ions

of  these samples can be found in Appendix B.  A1l  of  the species analysed

are highly rnobile and probably spend considerable tirne outside Prudhoe

Bay i tse l f .  As wi th the sedi rnents,  the benzene f ract ions are not  pre-

sented because of  thei r  predominance of  methyl  esters.

Three individuals of SaLueLinus alpinus (Arctic char) were analysed.

The gas chromatograms of the hexane eluate show very small concentra-

t ions of  hydrocarbons wi th shor t  chains,  and one major  peak e lut ing at

a retent ion t ime that  suggests that  i t  is  pr is tane.  Fur ther  analys is

by GC-MS posi t ive ly  ident i f ied th is  peak as pr is tane.  Phytane is  not

present .  Nonadecane is  not  present  in  a s igni f icant  amount  in  any of

the chromatograms, which is a change from the L974 sample, in which it

was present  as a large peak.  The pat tern of  the chromatograms is  d i f f -

erent  than that  in  L914,  a lso.
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Table III. Aromatic hydrocarbons found in Prudhoe Bav sediments and crude
o i l .

Mass Consistent  s t ructure
Percent  of  aromat ics

In sediment In crude

L29
L43
L57
L7L
L79
193
207
2 2 L
2 2 9
243
253

Naphthalene
Naphthalene f CH2
Naphthalene * C2H4
Naphthalene *  C3H6
Anthracene or phenanthrene
Anthracene or phenanthrene
Anthracene or phenanthrene
Anthracene or phenanthrene
Naphthacene or isomer
Naphthacene or isomer
Perylene or isomer

I CH2
* C2Ha
*  C3H5

L . 4
Lt .2
20 .2
1 9 .  5
8 . 3

14 .6
8 . 8
4 . 9
1 . 8
2 . r
7 . 3

9 . 2
2 5 . 8
3 0 .  5
L9 .2
2 . 5
5 . 1
4 . 8
t / ,

0 . 2
0 . 3
0

Table IV. Hydrocarbons in Prudhoe Bay
wet, weight of animal.

f ish expressed in mg/ke based on

Sample
Hydrocarbon content

Hexane fraction Benzene fraction

Arct ic  char  (6)

A rc t i c  cha r  (7 )
Arct ic  char  (12)

A rc t i c  c i sco  (3 )

A rc t i c  c i sco  (9 )

A rc t i c  c i sco  (10 )
A rc t i c  c i sco  ( f f )

Leas t  c i sco  (1 )

Leas t  c i sco  (2 )

Leas t  c j . sco  (5 )
Leas t  c i sco  (B )

7 . 3
3 . 6

1 0 .  0

1 q

3 . 8
4 . 0
5 . 8

2 . 6
. 9

2 . 4
7 . L

L05.2
18 . l -

235 . r

L . 2
L 2 2 . 2

3 8 . 4
s t_ .0

1 3 .  B
. 5

20 .4
2 . 6
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Four individuals of the species Coregonus aututrmaLis (Arctic cisco)

were analysed. Pristane is present in these samples, phytane is absent.

The concentrations of hydrocarbons are sirnilar to those of the Arctic char,

as is the pattern in the chromatogram. But again, the pattern di f fers

widely from what was observed in L974.

Four individuals of the species Conegonus sardineLla (Least cisco)

were analysed. No Least cisco were col lected Ln L974. The chromatograms

for al l  four individuals are quite sirni lar,  but not ident ical .  Pr istane

is present;  Phytane is absent.

CONCLUSIONS

Based on these resul ts  and the recognized d i f ferences between pet-

roleum and biogenic hydrocarbons, we conclude that the marine sediments

col lected dur ing L974 and 1975 conta in both petro leum and b iogenic hydro-

carbons largely of  tundra or ig in at  roughly comparable concentrat ions.

Petroleum is indicated by the presence of all normal hydrocarbons from at

least Letradecane to triacontane and by the presence of phytane and

aromatic compounds. That biogenic hydrocarbons are also present is indi-

cated by the predominance of odd chain lengths among the normal alkanes.

Where data for  boxh 1974 and 1975 are avai lable,  no t rend of  increase or  de-

crease in hydrocarbon concenLrat ion is  ev ident .

The kinds and amounts of hydrocarbons present in the fish from Prudhoe

Bay indicate that  these hydrocarbons are largely or  to ta l ly  b iogenic in

o r i g i n .
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APPENDIX A

Chromatograms of  Hexane Fract ions of  Sediments
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APPENDIX B

Chromatograms of l lexane Fract ions of Fishes
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Chapter I I I

BENTHIC BIOLOGICAL STUDIES

tloward M. Feder and Douglas Schamel



INTRODUCTION

Lirn i ted data on the b io loBy of  the Alaska arct ic  coasta l  mar ine envi ron-

men t  i s  cu r ren t l y  ava i l ab le  ( see  Fede r  e t  aL . ,  I 976b  fo r  l i t e ra tu re  rev iew) .

The only seasonal data are the primary productivity and phytoplankton studies

of  Horner  G969,  1972,  L973),  Matheke (1973) and Alexander (7974) at  Point

Barrow and in the Colv i l le  Del ta and the benth ic  s tudies of  MacGini t ie  ( f955)

at  Point  Barrow. Data f rom summer studies of  the phytoplankton and benthos

from the Colv i l le  Del ta area are avai lable in  Crane (7974>,  Crane and Cooney

(1973),  Kinney et  aL.  (L97L,  1972) and Alexander et  aL.  (1974).  Some shal low-

water  summer benth ic  samples f rom the r i /estern Beaufor t  Sea are a lso descr ibed

in Carey et  aL.  ( I974) .  In format ion f rom bio logical  explorat ions a long the

Canadian arct ic  coast  should be valuable for  compar ison wi th Alaskan studies

since many arct ic  species are c i rcumpolar  in  d is t r ibut ion (El l is '  1960;  Feder

et  aL. ,  L976b).  Phytoplankton,  pr imary product iv i ty ,  zooplankton and hydro-

graphic data are avai lable for  Prudhoe Bay and nearby lagoon areas (Coyle '

L974 ;  Ho rne r  e t  aL . ,  Lg74 ) .  Howeve r ,  p r i o r  t o  t he  s tud ies  by  Fede r  e t  aL .

( I976a) there was no publ ished informat ion on the benthos for  th is  area '

a l though some qual i ta t ive data were obta ined near Prudhoe Bay dur ing explora-

tory d ives in  conjunct ion wi th phytoplankton research (Horner ,  Matheke and

Maynard,  unpubl ished data)  .

Insuf f ic ient  long- term informat ion about  the envi ronment  and the basic

bio logy and recru i tment  of  species in  that  envi ronment  can lead to the

erroneous interpretat ion of  drast ic  changes in types and densi ty  of  species

that  might  occur  i f  an area becomes a l tered (see Nelson-Smith,  L973;  Pearson,

Lg7L ,  L972 ;  Rosenbe rg ,  Lg73  fo r  gene ra l  d i scuss ions  o f  ben th i c  b io log i ca l

invest igat ions in  industr i -aLt-zed mar ine areas) .  Populat ions of  mar ine species

7 9



f luctuate over  a t ime span of  a few to 30 years (Lewis,  1970).  Such

fluctuations are typically unexplainable because simultaneous long-term

physical ,  chemical ,  and b io logical  data are seldom gathered (Lewis,  L970).

Addi t ional ly ,  the presence or  absence of  benth ic  species can be in  par t

determined by the nature of  the substrate.  Speci f ica l ly ,  the c lose re la-

t ionships of  benth ic  faunal  assemblages to par t icu lar  sediment  character-

i s t i cs  have  been  shown  fo r  some  a reas  ( Jones ,  1950 ;  Sande rs '  1968 ) .

Fur thermore,  the abi l i ty  of  larval  forms of  benth ic  speeies !o select  or

re ject  a substratum on the basis  of  physical  and chemical  propert ies has

been determined exper imenta l ly  (Wi lson,  1953).  Thus,  changes in the sub-

st rate character  may be ref lected by changes in res ident  fauna.  However,

such changes can be proper ly  in terpreted only i f  the b iota and associated

substrata are invest igated over  a reasonable t ime base pr ior  to  and af ter

d is turbance of  the par t icu lar  area (see Pearson,  1970 and Rosenberg,  J_973

for  such an approach for  moni tor ing areas af fected by industr ia l  act iv i ty) .

OBJECTIVES

The invest igat ion descr ibed here is  the second par t  of  a two-year s tudy,

and was designed to prov ide b io logical  in format ion for  the nearshore inver-

tebrate benthos in Prudhoe Bay in the sunmer. The study considered infaunal

and slow-moving epifaunal species l iving adjacent to a causeway constructed

by the Atlantic Richfield Company in the late summer and earLy faIL of. L974

(Fig.  1)  .  The sampl ing procedures contr ibuted to the fo l lowing goals:

l .  A conEinuing documentat ion of  the d is t r ibut ion and re lat ive abun-

dance of  nearshore benth ic  organisms in the summer.

2.  A cont inuing examinat ion of  benth ic  species in  re lat ion to the

physical  character is t ics of  the sediment .
B O
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3 . A cont inuing accumulat ion of a data base suitable for in i t iat ion

of a siEe-specif ic monitor ing scheme.

METHODS

The study was conducted on the west side of Prudhoe Bay, Alaska

(70o23 'N ,  148 "31 'W)  f r om 12  Augus t  t h rough  22  Augus t ,  L975  (F ig .  1 ) .  T ida l

f luctuat ions in  the area average 15 cm. Two paral le l  o f fshore t ransects '

each 4500 feet  in  length,  were establ ished 500 feet  on e i ther  s ide of  the

causevray.  The base of  each t ransect  was establ ished by way of  f lagged,  rebar

stakes rhat  had been p laced on the beach in August  of  L914 (Feder et  aL. ,

L976a).  Bio logical ,  sediment  and hydrocarbon sampl ing stat ions were estab-

l ished onshore and 500,  1500,  2500 and 4500 feet  f rom shore a long each t ransect

(12 stat ions) ;  s tat ions were marked wi th f loats anchored wi th concrete b locks.

One addi t ional  t ransect  was occupied one mi le west  of  the causeway near PoinE

Mclntyre;  3 s tat ions located 1500,  2500 and 3500 feet  f rom shore were marked

wi th f loats and sampled.  (see Chapter  I I ,  Table I  for  speci f ic  s tat ion numbers

and locat ions) .  Three stat ions were occupied at  Gul l  Is land (Stat ion A

-" Jr
(=50 " ) :  no r the rn  end  o f  i s l and ;  S ta t i on  B  (=52  ) :  eas t  s i de  o f  sou the rn

sand  sp i t ;  S ta t i on  C  (=5 t * ) :  wes r  s i de  o f  t he  sou the rn  sand  sp i t )  (Append i x

A ,  F i g .  f ) .

Samples were taken by d ivers operat ing f rom a l6- foot  r iver  sk i f f  or

a small ZodLac. Infaunal samples taken near the causeway were collected by

a d iver  operat ing an a i r l i f t  equipped wi th a ny lon col lect ion bag'  The

diver  dropped to the bot tom and p lanted a 0.25 m2 quadrat  wi th pegs to prevent

:kStat ion number c i ted in  The Arct ic  Coasta l  Envi ronment  of  Alaska,  Data Supple-

men t ,  L976 .  (See  Genera l  I n t roduc t i on ,  t h i s  repo r t ' )
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i ts movement after sarnpling commenced. Sediment within the quadrat hTas

removed to a depth of  4 to 7 cm. Mesh s izes for  the col lect ion bags were

0 . 5  t o  1 . 0  m r n  o n  a  s i d e .

Fager cores ( .006 *2;  r . r "  co l lected.  at  Gul l  Is land by manual ly  thrust-

ing the core into the sedirnent, digging away the sediment around one side

and s l id ing a metal  p late under the core to reta in the conta ined sample.

The core was then extracted f rom the sedi -ment  and returned to the boat

( F a g e r  e t  a L . ,  1 9 6 6 ) .

L imi ted underwater  observat ions were made by the d ivers (Appendix A) .

Qual i ta t ive samples were col lected at  se lected stat ions by smal1,

1 .0 -mrn  mesh  t raps  (24 t ' x  14 "  x  14 " ) .  The  t raps  we re  ba i t ed  w i th  mea t  sc raps

and were deployed for  24 to 48 hours.  Examinat ion of  the shore and the

narrow intertidal zone was made by way of random holes excavated at the

bases of all transects wLth i,n situ examination of the sediment for organ-

i s m s .

A11 b iotogical  mater ia ls  were immediate ly  t ransferred to p last ic  bags

in the field and preserved with 10 percent l lexamine-buffered formalin.

Species ident i f icat ions,  counts and b iomass determinat ions were made at  the

Mar ine Sort ing Center ,  Univers i ty  of  Alaska,  Fai rbanks.

Species d ivers i ty  was determined by the Gleason,  Shannon-Wiener and

Simpson Indices (L ie,  1968;  Simpson,  1949).  The former index is  a rat io

of  to ta l  number of  species to tota l  number of  ind iv iduals and does not

weigh the contr ibut ion of  each species to tota l  d ivers i ty .  The Shannon-

Wiener Index is  a s tepwise summat ion of  the rat io  of  numbers of  ind iv iduals

of  each species to tota l  numbers of  ind iv iduals.  This  method weighs the

contr ibut ion of  each species to tota l  d ivers i ty .  In  both methods,  index

values are posi t ive ly  corre lated wi th d ivers i ty .  S ince the former two
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ind ices are based on d i f ferent  ca lculat ions,  thei r  numer ical  va lues are

not directly comparable. However, they are measures of the same phenomena

and trends should be similar. The Sirnpson Index is an index of dominance.

A maximum value of  I  is  obta ined when there is  only  one species (complete

dominance).

Bio logical ly  lurpor tant  Species (BIS)  were determined by the abundance

and  d i s t r i bu t i ona l  c r i t e r i a  es tab l i shed  by  Fede r  e t  aL .  (1973 ) .

There has been a change in nomenclature since the last report (Feder

et aL., L976a). Onisimus sp. of. L974 becomes Boekosimus aff i ,nis in 1975.

PseudaLibTotus sp. of L974 becomes )nisimus sp. in 1975. The latter organism

is  occasional ly  taken to the species 1evel  in  L975,  based upon the spinat ion

o f  u ropod  I I I .

RESULTS

General

No macrofaunal marine invertebrates were found on or within the sediment

of  the beach or  a long the narrow inter t ida l  zone.

The a i r l i f t  system was sat is factory for  sampl ing most  in faunal  burrowing

polychaetes and crustaceans as wel l  as most  epi faunal  species.  The larger

polychaetes were not  sampled quant i ta t ive ly  by th is  technique.  The Fager

cor ing technique sat is factor i ly  sampled polychaetes and amphipods in  the

Gul |  Is land area,  but  apparent  patchiness of  faunal  components here suggests

that  many addi t ional  cores are needed for  quant i ta t ive resul ts .

The f ish t raps were ef fect ive in  the col lect ion of  mobi le  epi faunal

scavengers such as the isopod Sadutia entomon and the amphipods Gurtnaracanthus

Loricatus, Ganrnarus zaddachi, Boekosirrus affi,nis and Onisimus LittoraLis.
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Thirty-six invertebrate species represent ing f ive phyla were col lected

from the subt idal  t ransect stat ions (Tab1e I) .  Polychaetous annel ids (13

species) and amphipod crustaceans (11 species) were the dominant.  groups.

Two new polychaete species (Rhynchospio sp. and Arenicola gLacialis), two

new gastropod species (Amauropsis purpurea and one unidenLified species)

and one new amphipod species (Monoculodes sp.) were determined. A srnall

number of uncommon species col lected in L974 were not found Ln L975 (the

sponge Hal ielorn rufescens, an unident i f ied clam, the polychaetes PhALo sp.

and Nereis sp., the amphipods Paroedi,ceros Lynceus, Apherusa megdlops and

Aceroides T,atLpes and an unident i f ied tunicate).

Quan t i t a t i ve  S tud ies  -  A i r l i f t s

Two of  the three t ransects occupied (encompassing stat i -ons 21 41 61 8,

10,  26,  28,  30,  32,  and 34)  showed an increase in number of  species wi th in-

creasing d is tance f rom shore (F ig.  2) .  An increase in b iomass occurred f rom

shore  to  s ta t i ons  B  and  32  (3500  fee t  f r om sho re )  w i t h  a  dec rease  no ted  a t

stat ions 10 and 34 (4500 feet  f rom shore) .  An increase in the Gleason Diver-

s i ty  Index wi th increasing d is tance f rom shore (F igs.  2 and 3)  in  general  re-

f lects the increase in species a long these t ransects.  The Shannon-Wiener Index

shows the same t rend,  though less pronounced (Fig.  3) .  A s l ight  decrease in

dominance wi th increased water  depth is  seen in the Simpson Index (F ig.  4) .

Polychaete species tended to increase wi th increasing d is tance f rom

shore.  The t rend was more apparent  in  s tat ions 26 through 34 than in s t ,at ions

2 through 10 (F ig.  5) .  An increase in b iomass occurred a long the t ransects

to stat ions 8 and 32 wi th a decrease observed at  s tat ions l0  and 34 (4500

feet  f rom shore;  F ig.  5) .  The b iornass t rends are pr imar iLy a ref lect ion of

the numbers and biomass of one species, the tube-dwel7Lng Afitpharete uega.
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SPECIES AND BIOMASS DISTRIBUTION

PRUDHOE BAY, AUGUST 1975

DISTANCE FROM SHORE
(hundreds of feet)

Figure 2. Species number and biomass distr ibut. ion at the new causeway area.

Prudhoe Bay, August 1975. Stat ions designated 2-10 refer to

s ta t ions  2 ,  4 ,  61  8 ,  10 ;  s ta t ions  26-34 re fe r  to  s taL ions  26 ,  28 ,

30 ,  32r  34 .  See F ig .  I  and Chapter  I I ,  Tab le  1  fo r  de ta i l s  on

stat ion numbers and locat ions. A11 subsequent references to the

above stat ions in f igures i rnply the same numerical  designat ions.
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Station 2-10

DIVERSITY INDICES

PRUDHOE BAY, AUGUST 1975

3.2

I
2.4

DISTANCE FROM SHORE
(hundreds of feet)

F igure 3.  Gleason and Shannon-Wiener d ivers i ty  ind ices at  the new cause-
! /ay area.  Prudhoe Bay,  August  1975.

SIMPSON DIVERSITY INDEX

PRUDHOE BAY, AUGUST 1974 & 1975

DISTANCE FROM SHORE
(hundreds of feet)

Figure 4. Simpson diversi ty index at the new causeway area. prudhoe
Bay, August 1974 and 7975.
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Anphipod species increased f rom the shore a long stat ions 2 through

10 (Fig.  6) .  A general  increase in b iomass r^ras noted through stat ion B;

a  b iomass  dec rease  was  reco rded  fo r  s ta t i on  10  (F ig .  6 ) .  A l t hough  no

marked species t rend was noted for  s tat j -ons 26 through 34,  the same biomass

trend as noted above was seen.  Changes in b iomass were at t r i -buted to the

distribution of two species, Pontoporeia affini,s and }nisimus sp.

The clam Cyt'todnni,a occurred at the deeper stations on one causeway

t . ransect  (s tat ions 30,  32,  and 34) ,  but  was col lected c loser  to shore in  the

o the r  causeway  t ransec t  ( s ta t i ons  4 ,  6 ,  B ,  and  10 ;  F ig .  7 ) .  The  g rea tes t

c l am dens i t y  and  b iomass  were  found  a t  sEa t i on  32  (F ig .  7 ;  A rc t i c  Coas ta l

Envi ronment  of  Alaska,  Data Supplement ,  L976).

The isopod SadtLv,ia entomon tended to increase in numbers with distance

from shore to s tat ions 8 and 32.  A decrease in numbers of  th is  isopod occurred

at  the outer  s tat ions.  Size d is t r ibut ions for  both years are g iven in F igure

B,  and a compar ison of  th is  isopod in the two main t ransects for  1975 is  in-

c luded in F igure 9.

The  t ransec t  nea r  Po in t  Mc ln t y re ,  encompass ing  s ta t i ons  37 ,  38 ,  and  39 ,

d i f fered f rom the other  tv /o t ransects.  The stat ions of  th is  t ransect  are a l l

shal low.  The sediment  is  sand;  gravel  and mud are notably absent .  Nei ther

the tube-dwelling polychaete AmpVnz,ete uega nor the elam Cyrtodnria kuv,z,iana

were found at  these stat ions.  No obvious change in species number was noted

wi th increasing d is tance of fshore.  However,  a decrease in number of  ind iv id-

uals and b iomass was observed wi th increasing d is tance f rom shore (Table I I ) .

An increase in the Gleason and Shannon-Wiener Indices and a decrease in the

Simpson Index \^7ere noted wi th increasi -ng d is tance f  rom shore (Table I I )  .

Polychaete species increased vr i th  increasing d is tance of fshore.  No obvious

trend in the number of  amphipod species a long the t ransect  was seen,  but  a

9 1



aI
an
lu
o
UI
G
a/,
lt
o
E,
UI
o
=
l
z

I

AMPHIPODS

PRUDHOE BAY, AUGUST 1975

4 5 5

DISTANCE FROM SHORE
(hundreds of feetl

Species number and biomass distribution
nevl causeway area. Prudhoe Bayr August

E
3

4.0 o
aa

L'

6

2.O

a

of amphipods
r97 5.

Station 2-10

Figure  6 .

9 2

at the



CYRTODARIA KURRIANA

PRUDHOE BAY. AUGUST 1975

45

DISTANCE FROM SHORE
(hundreds of feetl

Species number and b iomass d is t r ibut ion of

kurriana at the nev/ causeway area. Prudhoe
the clam Cyrtodnria
Bay,  August  1975.

Station 2-10 Station 2G34,

F igu re  7 .
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SADURIA ENTOMON

AIRL IFTS AUGUST 1975

o
F
z
UJ
o
G
u,
o.

Legend :

Station, 2-10 (N=3OO)

Station, 26-34 ( t!=2 | 3)

N
n

20 25 30 35 40

TOTAL LENGTH, mm

Size distr ibut ion of the isopod Saduria entomon in
causeway area .  Prudhoe Bay,  August  1975.  A i r l i f t
Crosshatch ing  ind ica tes  over lap .

the new
samples on1y.

F i g u r e  9 .
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marked decrease in b iornass was noted (Table I I ) .  The lat ter  t rend was

pr imar i ly  a ref lect ion of  the decrease in one species,  the arnphipod Ponto-

poreia affinis, along the transect.

Most  of  the polychaetous annel ids col lected in  the ne\^ I  causeway area

were sessi le ,  tube-dwel l ing species (Table I I I ) .  The major i ty  are a lso de-

posi t  feeders.  The feeding methods used by most  of  the amphipods are unknor^m

I lowever,  based on col lect ions made in bai ted t raps,  at  least  some arnphipod

species (Boekosimus affinis, Onislrm,ts sp., Ganrnav'aeantLrus Loricatus and

Ganrnatws zaddnehi) can function as scavengers. Only two suspension-feeding

species were identif ied in L975, the cLam Cyrtodav'ia kurriana, and the

polychaete Chone dunerL.  The remain ing species appear to be pr imar i ly  sca-

venge rs  o r  depos i t  f eede rs  (Tab le  I I I ) .

The Bio logical ly  Important  Species (BIS)  fox I974 and 1975 are l isred in

Table IV.  In  general ,  a  species may be rated BIS by any of  three cr i ter ia ;

ubiqui ty ,  b iomass or  numbers of  ind iv iduals.  A species needs to be rated BIS

at  only  one stat ion in  order  to be l is ted in  Table IV.  As such'  many of  the

species that  were BIS in a s ingle year  only  were important  at  one stat ion ( the

sponge HaLielona rufeseens, an unknown nemertean, the snail Maz'gaz'i ' tes heLi-

cina, the polychaete Chone duney.i and the arnphipod Pontoporeia femorata).

Wi th these f ive species " removed" f rom the l is t ,  the s imi lar i ty  between the

two years is  a lmost  exact .  The only remain ing species not  occurr ing as a BIS

both years,  Hal ic t 'yptus spinulosus,  gained BIS status through ubiqui ty  in

L 9 7 5 .

Qual i ta t ive Studies -  Bai ted Trap and Selected Sarnpl ing at  Gul l  Is land

Arnphipod numbers in  the f ish t raps peaked 3,500 feet  f rom shore (Table

V),  as was seen in the a i r l i f t  samples.  The most  numerous amphipod,

9 6
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Table IV. A l ist of the Biological ly Important Species (BIS) at the 13
stations at the new causeway area, Prudhoe Bay, Alaska.
August  L974 and L975.  (See Fedet  et  aL. ,  L973 for  cr i ter ia) .

Taxon

Phylum

Phylum

Phylum

Phylun

Phylun

Pori fera

Nemertea

Priapulida

Mol lusca

Annelida

Phylum Arthropoda

Hali.cLorm rwfescensa

a
unKnoltn specaes

Halict ypkts spinulo susb

Margani.tes heLicinaa
C y n t o dari a kurz,i ana"

- c
L;teone Longa
S co Lecol epidn 

" 
ar.c tiusc

Pygospio 
'nLngar"'

cTiritulus cirratusc
Anrp?nrete onqo"

1  . d

Lnone auneTL

. c
rvtasl,s sp.
DiastuLis suLeata-
Sadur,Ta entomonc

Mono euLop si s Longi cov'nisc
)ediceros saginatus'

"srs t974
bsrs tgzs
tnrs t9z4

on ly .

only.

and 1975.

100



Table V. Anphipod and isopod (Saduria entomon) numbers taken in fish traps,
August  L975.

Amphipod
Species

Dis tance f rom shore  ( f t . )
500 1500 2500 3s00 4500

Ganrnaraeanthus Lo ricakts

Ganrnayus zaddnehi

Boekosimus affinis

}nisimus gLaeiali,s

}nisirrus LittoraLis

Saduv,ia entomon

Age/Sex

L49 L77 729

Stat ions
6 B

Distance from shore ( f t .  )

34

I4

5 6

1

1

23

4

106

16

10

7

153

5

2

22

6

70L

1

4

366

2

6

106 379

10

500 1500 2500 3500 4s00

Adult male

Adult female

Juveniles

TOTAL

50

257

2 7

15

1B

22

I

2

L4

4

7

33

2

2

44L 755334

101



Boekosi,rm,ts affinis, was primarily responsible for the above trend. The other

four species showed no real t rends in distr ibut ion. Pontoporeia sp. is

notably absent from the traps.

Isopod numbers decreased with increased water depth (Table V),  a reverse

of the air l i f t  t rend. Adults were most prevalent in shal low water,  whereas

juveni les were fair ly evenly dispersed throughout the sampl ing area. The

size distr ibuLion and sex composit ion of isopods is given in Figure 10.

Tn 1974, a total of only three cores were taken at Gull Island. Sad-

uria entomon was the most conrmon organism found. CVnne dunez'i and Pv'ion-

ospl:o cinrLfez.a were also found. In 1975, f ive repl icaLe cores were taken

from each of three stat ions (Appendix A, Fig. 1;  The Arct ic Coastal  Envir-

onment of Alaska, Data Supplement, 1976). Onisirm'ts glaciaLis was the

dominant organism and was found in all but two of the cores. Only one

individuaL of Saduz.ia entomon was found. Five of the six new species found

in 7975 (an unknown nemertean, the polychaete Ciy'ratuLus c'Lt'ratus, the

cumamean DiastyLis sulcata and the amphipods Pontoporeia affinis and Mono-

culopsis Longicornzis) were neither numerous nor widespread. Pygospio eLegans,

Ehe last nevr addit ion in Ig75, was abundant only aL Stat ion B (Appendix A,

F i g .  r )  .

Reproduct ive Act iv i tY

Reproduct ive act iv i ty is out l ined in Table VI.  Four species of poly-

chaetes were bearing eggs. One species of amphipod was brooding young and

t iny individuals of four other species were noted. The fact that several

individuals of Di,astylLs suleata had empty brood pouches indicates the

recent release of young. Individuals of Saduv'i.G entomon were found in all

s tages  o f  reproduc t ion  (F ig .  11) ,  ind ica t ive  o f  a  long reproduc t ive  per iod

L02



SADURIA ENTOMON, FISH TRAPS, AUGUST 1975

J

F

5 t s
u

U
4

Legend:
Male
Female
Juvenile

&
a
E

Sj-ze d is t r ibut ion,  by
Prudhoe Bay.  August

age and sex, of the isopod Saduyia entomon,
1975.  F ish  t raps .
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Table VI.  Reproduct ive act iv i ty,  Prudhoe Bay. August L975.

Species
Female
w/eggs

Female
w/young

Female w/ernpty Tiny
brood pouch individuals

Cirratulus eirratus

Anpharete uega

ScoleeoLepides az,cttus

Chaetozone setosa

Boekosimus glacialis

DLastyLis sulcata

)edieev,os sagirnkts

GarwnaraeantTrus Loricatus

}ni,simus affinis

Pontoponeia affinis

Saduz,ia entomon

X

X

X

X

X

X

2l

.'

X

X

X

X

^'

104



REPRODUCTIVE CONDITION OF SADURIA ENTOMOII/ FEMALES,

FISH TRAPS, AUGUST 1975

N=280

30

o

z
IIJ
o
G
LIJ
o-

Legend:
W/eggs A
W/empty brood pouch &l
W/out brood pouch -

Figure 11.  Reproduct ive
Bay, August

25 30 35 40 45

TOTAL LENGTH, (mm)

condicion of. Saduria entomon
L 9 7 5 .  F i s h  t r a p s .

555020

105

females. Prudhoe



The presence of  more gravid and brooding females in  1975 as compared to

L974  ( see  commen ts  i n  Fede r  e t  aL . ,1976a )  i nd i ca tes  e i t he r ,  1 )  a  pheno -

logical  delay in  reproduct ive act iv i ty ,  or  2)  an extension of  the repro-

duct ive per iod.

For  a rev iew of  reproduct ive pat terns in  the arct ic ,  see Feder et  aL.

(L976a ,  p .  55 ;  Fede r  and  Schame l ,  L976 ) .

For  deta i led data for  a l l  species used for  generat ion of  tables and

f igures in  th is  repor t  see Appendix B.

DISCUSSION AND COMPARISON OF THE RESULTS OF L974 AND 1975

Distr ibut ion and Relat ive Importance of Species

Distr ibut ion and relat ive importance of species in the new causeway area

are summarized for L974 and 1975 in Table VII  (also see Table I  for l ist ing

of species and conmon names).  Some simi lar i t ies and di f ferences between

years are worth reviewing br ief ly.  Eteone Longa occurred at al l  water depths

and was present at more staLions in 1975. ScolecoLepides arct i 'us was widely

disfr ibuted but tended to be more numerous in shal low water.  I t  was present

in the Pt. Mclntyre transect in 1975 but noL L974. Spio mimus was more coflImon

in 1975; in 1974 i t  was found i-n Fager cores only.  Pygospio elegans was

found only in the more shallow stations whereas CirratuLus ct)nratus, CLnetozone

setosa and. Chone duneti were limited to deeper water in both sunmers. Antp?nrete

uegd. was also l imited to deeper water and occurred in large numbers, part icu-

Iarly Ln 1915. Sphaerodoropsis minuta was found only at station 34 both years.

HaLicz,yptus spinuloslts was found at more stations in L975, usually in deeper

water. Cgrtodaria kuy,z,ianq. was limited to deeper water where it occurred in

large numbers; i t  was found at one addit ional stat ion Ln L975. Diastyl is

suLcata was most conmon in deeper water in L974 and L975. Diastylis maLes

r06

<:,

s4



v 'ffi#

ffi
ffi,,

/
v
ry

7

.1

&

&

&,

4

I

I
l .

3 t  F
a t  s

e l  !
8 l  s
i l t
sl 5

I

o
o
o

c
l

o

;
o
c

c
l

*
a
' i
q

{s

-J

o

\
E

f!

P.::

\
a

a

u
o
a
t

:
C;

!!
$

o

a
s

o

.e
e

a

$
$

R

a-

>

G

o

a

o

@

A

a

s
o

e

f!

5

o

o t  a

o t  o
\ l  \

I

5
a

s

o

a

o

\

o

t
q

t

s
I
c)
E
a

a

c

a

e
*
a

q

o
o

c
f

c
3
c
tr
l

lF71

| /<l
L5

cll

c

c
o
o
I

baa

o)
c)

(t

t\(t

a B
uJ
. 0 N
= ( V )
J - o
z ( ,
1 o
O N

F < o
< N
L
o ?

(o

\t

N

c)

6
(Y)

F
(v'

tt(r)

f f $
l o 9
> (Y)

2 n
! s
a 3
F
. h 6

(o

CN
UJ

uJ
o-
clt

(d

a
(!

d

>,
id

Fq
(tl

o c ,
O 'rl

'd c)

! c n
H

+J

d d
o .lr
tr $.1

> E
$ H
Fc.l >

a ( u
o o

'r{
F b 0o o

o
O 'rl

U
t l-

'r{ (/)

o F q

a4

d .
.lJ (t)

lr .p
O tt l

.rl $l
.rl' q <

(g

o r-\
'r{ Ol
]J rl

H d
+J
UJ .$
.ri r-

-
o
o .lJ

.rl q)
r l  I

o h 0

c o <

H

o
.l

dt

ts

aJ)
uJ

ul
a a

co

f';-?

/

7

/,,/1./

6'

%,/vl,/tl /  1 , / 4,21,2,,

, '1,/17
tvt,
Tr:&t

1,4,/ ,.
1_
I

1_

Y

&

u,/1,/
7'

AX
/l::,4

Y/VW >c /w 1.,
. /  1./

a

.3

a

6

!

l

c

3
o
c

c
l

o

o
c

c
l

E
o
z

Cr

o

s
q

s
. o

I

a

P
a

I

o

Q
o

6

c

,u]

o

o
o

o

e

o

e
o

$

a-

f!
i

lD

i-\

o

q

o

a
a

a
a

B
{
a:

-G
U

F l  s
! l  ssi  

"s l  E
v t  a

9 t F

c l q
I

G

i E

s 3
-ii b

E A

o
o
G
t

o

o

c
o

E

E
l

a
a
o

?p
s-

o

o

o

s

Gg
o

c
3
o
C

c
l

-

a

s
I

i.

F
q

o

6

o

c
o

c
l

L07



occurred in the shal low Pt.  Mclntyre area in 1975. Both Mysis sp. and

Saduy"La entomon were present throughout the study area both summers, with

the latter species abundant throughout. Gmrrnanacanthus Loz,i,catus was found

at al l  depths in 1974 and 1975, though i t  was most prevalent in deeper r^rater.

Pontoporeda affinis showed the opposiEe trend; it was most common in shallower

water. Pontoporeia femoraba was limited to deeper \^/ater. Boekosimus affinis

(= }nisirm,ts sp. tn L974) was found in all but the shallowest water near the

causeway. I t  occurred at the Pt.  Mclntyre transect only in 7975. Onisimus

sp. (= Pseudalibz.oh,ts Ln L974) was much more numerous and widespread in

1975 than in L974. I t  was found in large numbers throughout,  though some-

what less prevalent in deeper v/ater . Movneulopsi,s Longicormis was much

more abundant in 1974 than in L975. Oedi,eeros saginatus was less wi-despread

in L975 than i t  had been in L974.

The greatest di f ference between the two years involved the large in-

crease of the amphipods }nisimus sp. and equal ly large decrease of MonocuLop-

sis Longicor.nis. The increased distribution of the priapuLid HaLicvTJph,Ls

sptnulosus and the polychaete Eteone Longa may also be meaningful differ-

ences. The distributions of both the cLam Cgrtodnria kuzT'iana and the

polychaete Arnpharete uega were extended into stightly shallower water in

1975. The lat ter species was also far more important numericalLy in 1975

rhan i t  had been in L974.

The Distr ibut ion of Species Numbers, Biomass and Diversi ty

The general  distr ibut ional rrends of species, numbers of individuals and

b iomass were  s imi la r  over  the  two years  (F igs .  L2 ,  13 ,  and 14) .  Numbers  o f

individuals and biomass peaked at 3500 feet f rom shore. A11 diversi ty in-

dices showed an increase of diversi ty and a Eendency for a loss of dominance

1 0 8
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with increased water depth (Figs. 4,  15 and 16).  Tn L975, the Shannon-Wiener

Index figures were somewhat lower than the preceding yeat, suggesting a

somewhat less diverse benthic assemblage. Distr ibut ional t rends for poly-

chaetes and pelecypods were simi lar both years. Amphipods showed an in-

creased number of species with increased water depth in both L9l4 and L975

(see Feder et aL.,  L976a for al l  L974 data).  However,  the arnphipod biomass

decreased with increasing \ i rater depth in 1974; in 1975 the biomass tended

to increase with increasing water depth.

Although the distributional trends between the two years were very

simi lar,  the actual density of each species di f fered considerably.  In L974

the density of individuals ranged from approximately 100-550/rn2. Tn L975

the range was 100-2400/n2, a f ive-fold increase (Fig. 13).  Biomass f igures

show even greater d. i f ferences. In L974, the range was 0.4 to 3.8 g/^2,

wh i le  in  L975 i t  was  0 .5  to  65 .4  g /nz ,  a  l5 - fo ld  inc rease (Tab le  V I I I ) .  A11

three major groups of organisms (polychaetes, amphipods and pelecypods)

showed la rge  b iomass inc reases  in  1975 (see Feder  e t  aL . ,  I976a;  F igs .  5 ,  6

and, 7; The Arct ic Coastal  Environment of Alaska, Data SuPplement,  L976).

Baited Traps and the Gull Island Sarnples --

Amphipods showed a lo-fold increase in the baited traps in 1975.

Isopods were also considerably more abundant in 1975, part icular ly in shal low

water  (Tab le  V  and Feder  e t  aL . ,1976a,  p .  84  fo r  compara t ive  va lues  o f

Lg74). These numerical increases complement those found in the quantitative

s tud ies .

The amphipod }nisi,rnLs glacialis dominated the Gull- Island samples in

Lg75.  I t  was  no t  Present  in  L974.  The absence o f  some spec ies  ( i .e . ,

species taken in L974) and the addit ion of new species, with the except ion

L),2
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Table VI I I .  A compar ison
Bay.  August

the causeway stat ions,  Prudhoe
Air l i f t  samples only.

of  b i -omass at
1974 and 1975.

Biomass (e /^2)

Sta t i - on  No . L97 4 L97 5

a

4

6

B

10

26

2B

30

J Z

J.+

0 . 7 6 3

O . 4 B B

1 .  5 7 8

1 .  6 6 0

3 .  1 3 8

O . 9 B B

0 . 4 3 8

2 , 9 L 6

3 .  7 8 0

r . 6 2 6

0 .  5 9 0

3 .  6 3 8

22 .3 r2

4 2 . 0 7 8

2 3 . 2 7 3

0 .  5 1 9

6  . 4 3 4

L 5 . 7 2 6

65.382

2 6  . 0 7  6
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of 0, glaci,al is, were probably due to sarnpling error. The 1974 srarions

were not marked for re-occupation in 1975; thus, the 1975 stations (see

Appendix A,  F ig.  1)  were only approximat ions.  In  addi t ion,  many Fager cores

are probably required here to obtain meaningful data when organisms are

clumped or  h ighly  d ispersed,  as they appear to be at  Gul l  Is land.

Possib le Explanat ions for  Di -screpancies Between L974 and 1975 Data

There are many possib le explanat ions for  the large b iomass d i f ferences

found in the L974 and 1975 samples.  The s implest  explanat ion per ta ins to

di f ferences in  sampl ing rnethodology.  Tn I974,  a i r l i f t  samples were taken

to a depth of  4 cm, whi le  in  1975 they were taken to depths of  4 to 7 cm.

The addition of one size class of the cLam Cyrtodnria in L975 and the presence

of  more indiv iduals f rom larger  s ize c lasses (F ig.  17)  ind icate that  deeper '

sampl ing in  L975 may have increased the tota l  take of  c lams,  par t icu lar ly

the larger  ind iv j -duals.  However,  we suggest  that  most  of  these c lams,  based

upon rypical  s iphon to shel l  length rat ios (G.  Muel ler ,  pers.  conm.) ,  l ive no

deeper than 4 cm. We doubt that sampling deeper than 4 cm would yield a 10-

fo ld increase in c lams.  As noted in  L974 (Feder et  aL. ,  L976a),  ampharet ids

were probably undersampled by the a i r l i f t .  Deeper sampl ing in  I975 increased

the tota l  numbers s igni f icant ly .  In  v iew of  the coi lment  made by D.  Lee

(Appendix A) concerning the depth to which ampharetid tubes extend into the

sediment ,  the 1975 numbers are probably more accurate.  Therefore,  the 10- fo1d

increase in ampharet id  numbers may not  represent  a real  increase f rom 1974

Lo L975.  On the other  hand,  the three- fo ld increase in amphipods is  cer ta in ly

real  s ince these organisms are epi faunal .

Patchiness can somet imes account  for  large b iomass d i f ferences i -n num-

er ica l  est imates,  par t icu lar ly  when a smal l  number of  samples is  involved

r16
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or a smal l  sample enclosure is  used.  The consistency of  t rends between

years indicates that  patchiness is  probably not  the explanat ion for  the

1975  i nc rease .

Thus, the observed biomass increase is real and the problem now

becomes one of determining whether the change was brought about by the

presence of  the causeway or  by some other  phenomenon.  In Chapter  I ,  Naidu

reports  only  two scat is t ica l ly  s igni f icant  geological  d i f ferences between

t ;ne L974 and 1975 sediment  samples:  1)  an increase in organic carbon and'

Z)  a coarsening of  the sediment .  I le  suggests that  the increase in carbon

is re lated to the increase in benth ic  organisms in L975.  In fact ,  the

dist r ibut ion of  organic carbon and tota l  b iomass show the same t rends (F igs.

14 and 18) .  This  b iomass increase af fected both s ides of  fhe cause\" Iay

essent ia l ly  equal ly .  Naidu (Chapter  I )  iound i t  un l ike ly  that  the d i f ferences

in sediment  gra in s izes between 1974 and 1975 could be at t r ibuted ent i re ly

to change in sediment budgets subsequent to causer^/ay construction; the move-

ment  of  coarse sediments is  general ly  associated wi th s torms.

We cannot associate the increased abundance of organisms with causeway

construct ion.  Not  only  d id both s ides of  the causeway show equivalent  in-

creases,  but  the Pt .  Mclntyre and Gul l  Is land areas a lso showed not iceable

increases.  Naiduts corunent  (Chapter  I )  per ta in ing to the Prudhoe area as a

usual  low energy deposi t ional  envi ronment  poses an in t r igu ing possib i l i ty .

! i le suggest that the increase in biomass was brought about by the translocation

of  benth ic  organisms dur ing storms.  The lO-fo ld increase of  c lams is  not  due

to  rec ru i tmen t  o f  young  (F ig .17 ) ,  no r  i s  i t  due  en t i r e l y  t o  samp l i ng  e t t o r ,

as d iscussed previously .  We suspect  that  s torm waters may move a s igni f icant

number of  benth ic  organisms towards shore,  inc luding both mobi le  and sessi le

species.  MacGini t ie  (1955) repor ted a s imi lar  occurrence at  Point  Barrow, Alaska'

1 1 8
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Also, note that clams and, AnrpVnrete uega occurred in shallower rnrater in

L975 (tabte VII) .  Organic debris is probably also moved towards shore at

such times. The latter maLerial, and animals killed by the sLorms, would

attract mobile scavengers such as amphipods and isopods. An increase of these

scavengers was noted in 1975. tr'Ieather records fron Prudhoe Bay are not readily

avai lable but those from Barter Is land (U.S. Dept.  Commerce, L974) show that

winds averaging greater than 30 mph struck the coast during mid and late

September L974. Such storms could be of suff ic ient force to translocate

organisms.

L20



REFERENCES

Alexander,  V.  L974.  Pr imary product iv i ty  regimes of  the nearshore Beaufor t
Sea ,  w i t h  re fe rence  to  t he  po ten t i a l  r o l e  o f  i ce  b io ta .  f n  J .  C .  Reed
and  J .  E .  Sa te r ,  eds .  The  Coas t  and  She l f  o f  t he  Beau fo r t  Sea .  P roc .
of  a Syrnposium on the Seacoast  and Shel f  Research,  San Francisco.  Arct ic
I n s t .  N .  A m .  7 5 0  o o .

A l e x a n d e r ,  V . ,  D .  C .  B u r r e l l ,  J .  C h a n g ,  T .  R .  C o o n e y ,  C .  C o u l o n ,  J .  J .  C r a n e ,
J .  A .  D y g a s ,  G .  E .  H a 1 1 ,  P .  J .  K i n n e y ,  D .  K o g l ,  T .  C .  M o w a t t ,  A .  S .  N a i d u ,
T .  E .  O s t e r k a m p ,  D .  M .  S c h e l l ,  R .  D .  S e i f e r t  a n d  R .  W .  T u c k e r .  L 9 7 4 .
Envi ronmental  Studies of  an Arct ic  Estuar ine System, Final  Report .  Inst .
Mar .  Sc i . ,  Un i v .  o f  A laska ,  Fa i rbanks ,  R74 -1 ,  Sea  Gran t  Repo r t  73 -L6 .
5 3 9  p p .

C a r e y ,  A .  G . ,  R .  E .  R u f f ,  J .  G .  C a s t i l l o  a n d  J .  J .  D i c k i n s o n .  L 9 7 4 .  B e n t h i c
Ecology of  the wesrern Beaufor t  Sea cont inenta l  margin:  Pre l iminary
resul ts .  Symposium on Beaufor t  Sea Coasta l  and Shel f  Research Program,
San  F ranc i sco ,  Janua ry  1974 .  The  A rc t i c  I ns t .  o f  I I .  Am.  (A I l lA ) .

Coy le ,  K .  O .  1974 .  The  eco logy  o f  t he  phy top lank ton  o f  P rudhoe  Bay ,  A laska ,
L974 .  A laska  Dep t .  F i sh  and  Game.  16  pp .

Crane ,  J .  J .  L974 ,  Eco log i ca l  S tud ies  o f  t he  Ben th i c  Fauna  i n  an  A rc t i c
Es tua ry ,  M .S .  Thes i s ,  Un i v .  o f  A laska ,  Fa i rbanks .  105  pp .

Crane ,  J .  J .  and  R .  T .  Cooney .  1973 .  The  nea rsho re  ben thos .  4LL -466  pp .
fn Alexander,  V.  et  aL.  L973.  Envi ronmental  s tudies of  an arct ic
es tua r i ne  ecosys tem.  F ina l  Repo r t .  I ns t .  Mar .  Sc i . ,  Un i v .  o f  A laska ,
Fa i rbanks  R74-1 .  539  pp .

El l is ,  D.  V.  f960.  Mar j -ne in faunal  benthos in  Arct ic  North Amer ica.  Arct ic

I n s t .  o f  N .  A m .  T e c h .  P a p e r  N o .  5 .  5 3  p p .

F a g e r ,  E .  W . ,  A .  O .  F l e c h s i B ,  R .  F .  F o r d ,  R .  I .  C l u t t e r  a n d  R .  J .  G h e l a r d i .
L966.  Equipment  for  use in  ecological  s tudies us ing Scuba.  L inmoL.
and )ceanogz, .  11 :  503-509.

Fede r ,  H .  M . ,  and  D .  Schame l .  L976 .  Sha l l ow-wa te r  ben th i c  f auna  o f  P rudhoe

Bay .  I n  D .  W.  Hood  and  D .  C .  Bu r re l l ,  eds ,  Assessmen t  o f  t he  A rc t i c
Mar ine Envi - ronment :  Selected Topics.  Inst .  Mar.  Sci . ,  Univ.  of  Alaska'

F a i r b a n k s .  O c c a s .  P u b l .  4  ( i n  p r e s s ) .

Fede r ,  H .  M . ,  G .  J .  Mue l l e r ,  M .  H .  D i ck  and  D .  B .  Hawk ins .  1973 .  P re l im ina ry

Ben thos  Su rvey .  Ch .  9 ,  305 -391  pp .  I n  D .  W.  Hood ,  W.  E .  Sh ie l s  and
E .  J .  Ke l l ey ,  eds . ,  Env i ronmen ta l  S tud ies  o f  Po r t  YaLdez .  I ns t .  Mar .

Sc i . ,  Un i v .  o f  A laska ,  Fa i rbanks ,  Occas .  Pub l .  3 .  495  pp .

Fede r ,  H .  M . ,  D .  G .  Shaw and  A .  S .  Na idu .  1976a .  The  a rc t i c  coas ta l  env i r -

offnent of Alaska. Volume 1. The nearshore marine environment in Prudhoe

Bay ,  A laska .  Un i v .  o f  A laska ,  I ns t .  Mar .  Sc i . ,  Fa i - rbanks  R76-1 ,  Sea

Gran t  Rep t .  16 -3 .  161  pp .

L27



Feder ,  H .  M . ,  D .  G .  Shaw and  A .  S .  Na idu .  L976b .  The  A rc t i c  Coas ta l  Env i ron -

ment  of  Alaska.  Vo1.  I I .  A compi lat ion and rev iew of  sc ient i f ic  l i tera-

ture of  the arct ic  mar ine envi ronment .  Univ.  of  Alaska,  Inst .  Mar.  Sci .  '
Fa i rbanks  R76-5 ,  Sea  Gran t  Rep t .  76 -9 .  200  pp .

Horner ,  R.  L969.  Phytoplankton studies in  the coasta l  waters near  Barrow,

A laska .  Ph .D .  Thes i s ,  Un i v .  Wash ing ton ,  Sea t t l e .  26L  pp .

Horne r ,  R .  L972 .  Eco log i ca l  s tud ies  on  a rc t i c  sea  i ce  o rgan i sms .  I ns t .

Mar .  Sc l - . ,  Un i v .  o f  A laska ,  Fa i rbanks ,  R72 -L7 .  L79  pp .

Horner ,  R.  L973.  Studies on organisms found in arct ic  sea ice.  F inal  repor t

t o  t he  A rc t i c  I ns t .  o f  N '  Am.  No  repo r t  number .

Ho rne r ,  R . ,  K .  O .  Coy le  and  D .  R .  Redbu rn .  L974 .  Eco logy  o f  t he  p lank ton  o f
prudhoe Bay,  Alaska.  Inst .  Mar.  Sci . ,  Univ.  of  Alaska,  Fai rbanks R74-2,

Sea  Gran t  Rep t .  No .  73 -L5 .  100  PP .

Jones ,  N .  S .  1950 .  Mar ine  bo t tom commun i t i es .  B ioL .  Reu .  25 :283 -3L3 .

K inney ,  P . ,  D .  Sche l l ,  V .  A lexande r ,  A .  S .  Na idu ,  C .  P .  McRoy  and  D '  C '

Burre l l .  L97L.  Basel ine data study of  the Alaskan arct ic  aquat ic

env i ronmen t :  e i gh t  mon th  p rog ress  repo r t ,  1970 .  I ns t .  Mar .  Sc i . ,

Univ.  of  Alaska,  Fai rbanks,  R7l-4 -  L76 pp.

K inney ,  P . ,  D .  Sche l l ,  V .  A lexande r ,  D .  C .  Bu r re l l ,  R .  Cooney  and  A .  S .  Na idu .

I972.  Basel ine data study of  the Alaskan arct ic  aquat ic  envi ronment .

I ns t .  l v1a r .  Sc i . ,  Un i v .  o f  A laska ,  Fa i rbanks ,  R72 -3 .  27L  pp '

Lewis,  J .  R.  Lg7O. Problems and approaches to basel ine studies in  coasta l

communi t ies.  FAO Technical  Conference on Mar ine Pol lu t ion and i ts

E f fec t  on  L i v i ng  Resou rces  and  F i sh ing .  F IR :MP 70 /E -22 .  7  pp '

L ie,  U.  1968.  A quant i ta t ive study of  benth ic  in fauna in Puget  Sound.

washingron,  usA in 7963-L964.  F isk.  Di r .  sk?.  (Ser .  Havunders. )  L4z

223-356.

MacGini t ie ,  G.  E.  f955.  Dist r ibut ion and ecology of  the mar ine inver te-

brares of  Point  Barrow, Alaska.  Smithson,  Misc.  CoLL.  L28:L-20L.

Matheke,  G.  E.  I . { .  T973.  The ecology of  the benth ic  microalgae in the sub-

l i t tora l  zone of  the Chukchi  Sea near Barrow, Alaska.  M.S.  Thesis '

Univ.  of  Alaska,  Fai rbanks.  114 PP.

Nelson-Smith,  A.  1973.  OiL PoLLut ion and Mav' ine Ecology-  Paul  Elek

(Sc ien t i f i c  Books )  L td . ,  London .  260  pp .

Pearson,  T.  I I .  Ig7I .  The benth ic  ecology of  Loch L innhe and Loch Ei l ,  a  sea

loch  sys tem on  the  wes t  coas t  o f  Sco t l and .  I IT .  The  e f f ec t  on  the

benth1c fauna of  " the in t roduct ion of  pulp rn i l l  e f f luent .  J .  Etp-  Mar.

Bi ,oL .  EcoL .  6 :2 I I -233 .

1 2 2



:

Pearson, T. H. 1972. The effect of  industr l -al-  ef f luent from pulp and paper
mills on the marlne benthic envi-ronrnent. Proc. Rou. Soe. London B.
130:469-485.

Rosenberg, R. L973. Suc.cession in benthic macrofauna in a Swedish f jord
subsequent to the closure of a sulphite pulp rni l l .  } ikos 242244-258.

sanders, H. L. 1968. Marine benthic diversi ty:  a comparat ive study.
Amer. Natuy,al ist  LO2z243-282.

Simpson, E. H. 1949. Measurement of diversity . Nattue

U;  S .  Dept .  Connnerce .  L974.  Loca l  c l imato log ica l  da ta .
with cornparat ive data. Barter Is land, Alaska.

lJ i lson, D. P. 1953. The serr lemenr of Ophel ia bieotmis
J .  M a r .  B i o L .  A s s . ,  U . K . 3 1 : 4 1 3 - 4 3 8 .

1 6 3  :  6 8 8 .

Annual suffnary

Savigny larvae.

1,23



APPENDIX A

Field notes of Dennis C. Lees (Darnes and Moore, Anchorage) fol lowing

diving act iv i t ies at Prudhoe Bay in August 7975.

DESCRIPTION OF COLLECTION METHODS

Infaunal  samples were col lected by a d iver  operat ing an a i r l i f t  equipped

wi th a ny lon col lect ion bag.  The d iver  dropped to the bot tom, p lanted a

.25 m- quadrat  wi th pegs to prevent  i ts  movement af ter  sampl ing commenced,

and then opened the a i r  va lve and adjusted the a i r  f low.  Sediment  wi th in

the quadrat  was removed to a depth of  3 to 7 cm. Mesh s izes for  the col lec-

t i on  bags  were  0 .5  t o  1 .0  n rn  on  a  s i de .

Aceuracy of  the col lected volume was only moderate because surrounding

sediment  s loughed into the resul t ing excavat i -on and the depth of  the excava-

t ion was only roughly contro l led.  Ef f ic iency of  the a i r l i f t  var ied wi th

sediment  type and v is ib i l i ty .  F ine sand was most  ef f ic ient ly  sampled,  where-

as the st icky c lay and gravel  were less so.  Poor v is ib i l i ty  reduced ef f ic-

iency because f low rate could not  be moni tored and opt imized.

Samples requi r ing Fager core col lect ion were col lected by manual ly

thrust ing the core in to the sediment  wi th a v ibratory acLion,  d igging away

the sedi -ment  around one s ide to a l low s l id ing a metal  p late under the core

to ret .a in the sample conta i -ned wi th in,  then extract ing the core,  p late,  and

sample f rom the sediment  and return ing them to the boat  for  sample cufat ion.

Addi t ional  sediment  samples were col lected wi th a bucter  d ish by scraping i t

in the upper several centimeters of sediment. Hydrocarbon samples were

simi lar ly  co l lected in  a g lass jar ;  care was taken not  to  contaminate the

sample or  jar  wi th the hands.

L25



FIELD NOTES

August 14, L975

Weather was good. Tom and I spent the morning and part of the afternoon

set t ing up the Zodiac and compressors,  f i l l ing tanks,  unpacking and checking

gear af ter  the t r ip  f rom Homer to Prudhoe Bay.  A11 the gear arr ived in  good

condi t ion.  Motor  problems for  the Univers i ty  crew caused a s l ight  delay in

cormnencement of sampling, but we were able to take Doug Schamel on the Zodiac

and commence sampling at about 1700 hours at the shallowest station on the

transect  west  of  the causeway.  Depth was approximately  1.2 rn.  The substrate

was not  v is ib le because of  h igh turb id i ty .  Touch indicated that  the sediment

\4ras composed main ly  of  medium f ine sand.  Because of  poor  v is ib i l i ty ,  faunal

observat ions were imPossib le.

Sampl ing wi th the a i r l i f t  was s low for  several  reasons,  inc luding poor

v is ib i l i ty ,  shal low depth and c logging of  the 0.5 mm mesh col lect ion bag on

the a i r l i f t .  Poor v is ib i l i ty  hampered operat ions because of  the inabi l i ty

to see the operat ion of  the a i r l i f t  and make appropr iate adjustments in  a i r

f low rate and technique.  Only one stat ion was sampled on th is  day.

August  15,  1975

Weather  was good.  We ut i l ized a larger  col lect ion bag wi th a 1.0 mm

mesh for  a i r l i f t  operat ions to increase ef f ic iency.  We sampled f ive ( three

air l i f t )  s tat ions on the t ransect  east  of  the causel^ /ay on th is  day.  Depth

ranged f rom about  2 to 2.5 m; water  t ransparency was about  30 cm. The sedi -

ment  in  the area was s i l ty  c lay of  a s t icky,  je l lo- l ike consistency '  s imi lar

to that  observed in large harbors in  southern Cal i forn ia;  very l i t t le  shel - l

debr is  was observed,  and suspended organic debr is  was scarce '  but  a moderate

amount  was observed bur ied in  the sediment .  The pr imary source of  organics
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appeared to be tundra; aLgaL mater ial  was not observed. Gravel was abundant

i-n patches in certain areas. Ripple marks about B by I  cm \,rere observed.

The air l i f t  stat ions were dominated by tubiculous worms, probably

AtnpVtat'ete uegq,. This species was distributed in a patchy manner, approaching

200 animals per square meter in some areas. Because the tubes extend more

than l0 cm into the sediment (probably at least 30 cm, judging from the 0.5

mm tube diameter),  I  am convinced that the abundance of this species is

largely underest imated. Other organisms observed include the isopod Sadtnia

entomon, several species of ganunarid amphipod and some sponges living partially

buried in the sediment.

During the day, one quadrat was lost and another u/as broken.

August  16,  L975

l , leather  v /as poor,  wind averaging about  15 to 20 knots,  wi th scat tered

showers;  ch i l1  fac lor  became an important  considerat ion as both d ivers were

dressed in wet  Unisui ts .  Wind chop reached about  45 cm, making operat ions

di f f icu l t  and uncomfor table at  the shal low stat ions.  Sediment  in  the area

was generally medium sand with some silt. Water depth \,ras approximately

1.5 m, somewhat  deeper than at  comparable stat ions on the west  t ransect ;

water  temperature was about  7"C;  v is ib i l i ty  was poor.

We used both the large and smal l  mesh col lect ion bags t .emporar i ly  but

hoped to use only the large rnesh bag in order  to fac i l i ta te col lect ion as

i t  was so much more ef f ic ient .  Because of  poor  v is ib i l i ty ,  faunal  observa-

t ions were impossib le.

We completed sampling on the transect east of the causeway at about

1700 hours.  I  hal ted f ie ld work at  that  t ime so the d ivers could return

to ARCO base and get  a good n ight  rest  as we both had been up late for  three
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n igh ts  w i th  p repara t ion ,  t rave l r 'and  work  on  th is  p ro jec t ,  and insu f f i c ien t  s

sleep was exacerbat ing the cold condit ions.

August 17, L975

Ideather was again poor, with winds approaching 25 knots and their tem-

peracure at about loC; chi l l  facEor was about -L4"C. We sarnpled at s ix

(two air l i f t )  stat ions on the transect west of the causeway. Depth ranged

from I to 1.5 m; vis ibi l i ty of  the water was 15 cm or less, water temperaEure

had decreased to  about  5 .5oC.

Sediments var ied from si l ty sand to si l ty c lay. Clods of tundra were

observed in many locaEions. During the sampl ing, we observed the isopod -

Saduria entomon on the bottom and gammarid amphipods in the water column.

I t  appears that the garmnarids use the tundra clods as a substrate. I t  further

appears that the large isopods and AnrpVnrete are more abundant at the stations

wlth f ine sediments (ei ther si l t  or c lay).

August  18  & 19 ,  1975

Inclement weather;  winds cont inue aL 25 knots or greater,  causing an

unpleasant combination of wind chop and chill.

August 20, L975

I'Ieather conditions vrere greatly improved; wind decreased to 5 knots or

less. We sampled at the outer stat ions on the transect west of the causeway, s

completing the causeway sampling program. Depth tTas approximately 2 m;

vigibi l i ty in water st i l l  poor as a result  of  previous weather so there l iTere

no observat ions on the fauna. Sediments in this area \^/ere the st icky, je l lo-

l ike clav.
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In the evening, Tom and I took the ZodLac to Gull Island (transit t ime

about  15 minutes)  where we col lected samples at  three locat ions (Appendix A,

Fig.  f ) .  At  each stat ion we col lected f ive Fager cores for  in faunal  analys i -s ,

1 Fager core for  sediment  analys is ,  and I  but ter  d ish for  sediment  analys is .

Al l  s tat ions were located approximately  200 feet  f rom Gul l  Is land.  Stat ion A

was at  the nor thern end of  the is land at  a depth of  1.3 rn.  The sediment  was

fine silty gray-bromr sandl gravel dominated about 30 m offshore. The water

was too turb id to rnake faunal  observat ions.  Stat ion B was located on the

eas t  s i de  o f  t he  sou the rn  sand  sp i t  i n  a  dep th  o f  1  m ;  v i s i b i l i t y ' i n  t he

water  was about  15 cm. In later  temperature was about  6oC. The sediment  was

a f ine s i l ty  brown sandl  r ipp le marks were about  5 cm apart  and i r regular .

Gammarid amphipod and small isopod trails were observed on the bottom.

Stat l -on C was located on the west  s ide of  the southern sand spi t  in  a depth

of  0.8 m; v is ib i l i ty  in  the water  was about  15 cm. The sediment  was a sandy,

st icky c lay wi th indis t inct  r ipp le marks.  Numerous large t ra i ls ,  probabl-y

made by isopods,  were observed throughout  the area.

August  21 ,  1975

Tom and I  returned to Stat ions B and C on Gul l  Is land to obta in hvdro-

carbon samples over looked on the previous day.

We then sampled three a i r l i f t  s tat ions on a t ransect  of f  Point  Mac-

Intyre,  west  of  the causeway.  F ive .25 m2 ai r l i f t  samples and miscel laneous

sediment  samples were col lected at  each stat ion.  Depths ranged f rom 0.8 to

1.3 m; v is ib i l i ty  in  the hrater  was about  0.7 rn.  The sediment  at  a l l  s tat ions

was f ine c lean yel low-brown sand wi th some s i l t ,  l i t t le  shel1 debr is ,  and

a moderate amount  of  suspended organic debr is .  Gravel  was present  and

patchy,  located main ly  below the sediment  sur face.  Ripple marks were qui te
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regular, about 6 cm by I cm. Mysids and gammarid arnphipods were noted at

the water/sand interface, but few other l ive animals were col lected. Dri l - led

pelecypod shel ls were conmon in the area, but were possibly introduced by ice

t ransDor t .

GENERAL COMMENTS

The inver tebrate fauna observed in the study area seems pr imar i ly

dependent  upon suspended par t icu late organic debr is ,  and is  apparent ly  main ly

supported by tundra.  The only large inver tebrate capable of  ut i l iz ing p lank-

ton for  food was the c lam Cyntodr t r ia .  Pr inc ipal  predators in  the system

appear to be several  species of  f ish,  main ly  arct ic  char ,  gadids,  and possib ly

grayl ing.  There was a lso quest ionable ev idence of  a predatory gastropod

dr i l l ing smal l  c lams.

In v iew of  the apparent ly  large amount  of  organic debr is  in  the sedi -  :

ment ,  the absence of  deposi t  feeders in  the samples is  surpr is ing,  but  may

be a consequence of  the shal lowness of  sampl ing.  My exper ience suggests

that  many deposi t  feeders l ive deeper than 10 cm in the sediment .

Biomass and the numbers of species and indivi-duals per unit area are

quite low compared to other areas I have examined, and support the hypothesis

that  the system is  s t r ingent ly  physical ly  acconrmodated.  This,  of  course,

is  to  be expected in  such shal low water  i -n  the Beaufor t  Sea.  The physical

r igor  of  the sampl ing area would suggest  that  the in faunal  inver tebrates

are a l l  annuals and that  the substrate is  inhabi ted only dur ing the per iod

of the year when the water is not frozen to the bottom. However, the apparent

si-ze distribution of the isopod Saduria entomon is at least bimodal,

suggest ing at  least  two s ize c lasses.  This d is t r ibut ion suggests that  e i ther

the populat ion migrates to deeper water  in  the winter  or  that  at  least  two
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species are included in the taxon referred to as S. entomon. The latter

hypothesis is supported by observations that the larger specimens are gen-

erally more abundant on clay substrate whereas the smaller specimens are

more abundant  on sandv substrate.  I t  would be usefu l  to  col lect  considerable

data on s ize and reproduct ive condi t ion to resolve th is  apparent  d iscrepancy.

(A third, highly irnprobable, alternaEive is that the population somehow over- \-/

winters in the sediment under the ice in shallow water. )

RECOMMENDATIONS

1. The amount  of  t ime a l located for  the f ie ld por t ion of  th is

survey should be increased f rom the present  7 days to 10

days s ince the number of  repl icates at  each stat ion has been

increased by 150 percent  s ince the last  survey.

2,  The sampl i -ng operat ion should be st reaml ined to j -ncrease

ef f ic iency.  This can be accompl ished by:

a)  increasing the number of  co l lect ion bags to at  least

f o u r ;

b)  modi fy ing the a i r l i f t  so that  bag exchange at  the

sur face is  more rapid;  and

c) improving wash doqrn techniques for the samples in

the col lect ion bag,  a l lowing more rapid removal

of  the sample.

3.  Use of  a cof ferdam quadrat  to  e l iminate s loughing and current

induced fi l l ing of the excavation, and thereby improve the

quant i ta t ive aspects of  the samples.  A1so,  a f rame could

be incorporated in to the cof ferdam to a l low c loser  contro l

of  the depth sampled by the a i r l i f t .
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Sediment  sampJ-es are far  more ef f ic ient ly  co l lected us ing a

srnall diver-held corer and l,trhirl-Pak bags than with the Fager

corer  and but ter  d ishes.  Fur thermore,  loss of  f ine sediments

is  reduced.  Consequent ly ,  the resul t ing sample is  much more

representat ive of  real  condi t ions than a bot tom scraping.

Col lect  a few l /10 square meter  samples at  least  45 cm deep

throughout  the area to determine i f  any organisms l ive deeper

than 10 cm i -n the sediment .
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APPENDIX B

Deta i l ed  da ta  f o r  a1 l  spec ies

F igu res  i n  t h i s  repo r t .

used for  generat ion of  Tables and

Key  fo r  s i zes  c l asses  reco rded  i n  Tab les  I  t h rough  IX .

S i z e  c l a s s e s :

1 0

1 A 0

1 B  2 . 5

2 5

3 1 0

4 L 5

5 2 0

6 2 5

7 3 0

8 3 5

9 4 0

-  5 m m

- 2 .5  mrn

-  5 m m

- 1 0 m m

- 1 5 m m

- 2 0 n m

- 25 rnrn

- 3 0 m m

- 3 5 m m

- 4 0 m m

- 4 5 m m

4 5 - 5 0 n m

50 - 55 nnt

5 5 - 6 0 r u n

6 0 - 6 5 m m

6 5 - 7 0 m m

7 0 - 7 5 m m

7 5 - B 0 m m

8 0 - 8 5 m m

85 - 90 rnm

l0

l l

L2

l 3

L4

1 5

L 6

L 7

1 8

1 3 5



APPENDIX B TABLE I

Shell lengths of the cLam Cytttodnnia l<ttz'z'iana from stations
6,  8 ,  and 10 .  Co l lec t ion  o f  August  L974.

IB1A
Size  C lass

3 4 Total

S t a .  6
Sarnp-rc rf"

2
3 .
AlD
2

1
8
7

I

I

+
3
4

1
3
I

:+

2

I

4
6 e

2
1
2

L2
r6

Total L6
Percent  48 .5

l 3
3 9 .  3

3
9 . 3

1
3 . 9

33

S L a .  B
Sarpf. ff

2
3
A1
2

Total l 6
Percent  42 .  I

2
1

8
5

I
4
5
5

1 1
r3

9
23 .7

2

1
I

9
25

L2
3 1 .  6

I
2 . 6

38

Sta.  l0
Sample Fl

2
3
A1
2

Total
Percent

2 6 0
28.3

I

1
10
L 7

5

:.)
25
5 7

2

3
6
1 5

29
3 r . 5

3 7
40.2

92

"F = F"g.r  core col lect ion.
bA =  A i r l i f t  co l lec t ion .
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APPENDIX B TABLE II

Shell lengths of the clam Cyrtodaz,ia kurriann from stations
30, 32, and 34. Col lect ion of August L974.

S ize  C lass
2 3 4IA 1B Total

Sta.  30
sampfe rfa

2
3 ,
AlD
2

Total
Percent

Sxa.  32
Sanple Fl

2
3
A1
2

Total
Percent

S t a .  3 4
Sanple Fl

2
3
A1
2

Total
Percent

1 3 5 1
2 6 . 0  r 0 . 0  2 . 0

;
1 -
L 2 5
L 2 B

1
2
3

1 2
I
1

19
23

2 6
5 9 . 0

45

r 7 5 1
2 4 3 -

2 0 3 6 6 4 4
2 2 3 3 3 5 2

l_9

1

:

3

L4
9
6

L24
92

45
1 8 . 4

2
J

83
3 3 .  9

2

2

;

110 7
4 4 . 9  2 . 8

245

I
3
3
2
2
9

5
2 6 . 3

7
3 6 . 8

6
3 1 . 6

1
5 . 3

a--*F = Fager core col lect ion.
bA  =  A i r l i f t  co l rec t i on .

I
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APPENDIX B TABLE III

Shell lengths of the clarr Cyz'todaria kurrLann from stations
4,  6 ,  B ,  and 10 .  Co l lec t ion  o f  August  L975.

1BIA
Size  C lass

3 4 Total

S t a . 4---'--';-- .bampre r
2
3
4
5

Total
Percent

S L a .  6 '
Sample 1

2
3
4
5

S t a .  8
Sample 1

2
3
4
5

Total

1
1
2

1 _ _
- 1

2

;
I
1

1 1 2
2 5 . O  2 s . O  5 0 . 0

6
6
L6
L2
22

15
7
L 9
1 '

IB

1 3  1
7 l
t6
29 l0

35
2L
52
63
9 74L 15

Total 6 2
Percent 23.0

1_06 27
3 9 . 4  1 0 . 0

7 8 l 6

7 L
2 6 . 4

4 8
5 B
29
L2
13

3
1 . 1

269

- L56
-  158

99
46

_ 2 9

L4
8
L4
8
2

8 2 6
5 0 6
2 2 3
11 3

4

I

46
P e r c e n t  9 . 4

243 34
4 9 . 8  7 . 0

L4 1
20  1

160
32 .8

4
4
22
L9
23

6 8
32

5
1 . 0

L9
29

189
62
6I

0  488

Sta .  10
Sr*pl. I

2
3
4
5

TotaI

2 8 5

;
7
6
5

L2
5

22
P e r c e n t  7 . 8

L62 24
5 7 .  B  8 . 6

7 2
25 .7

280

1 3 8
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APPENDIX B TABLE IV

Shell lengths of the cLam Cyrtodnnia kuz,riana from stations
30,  32 ,  and 34 .  Co l lec t ion  o f  Augusr  1975.

1B1A
Si-ze Class

3 4 TotaL

S t a .  3 0
Sample I

2
J

4
5

Total
Percent

S t a .  3 2
Sample 1

2
3
4
5

Total
Percent

S t a . 3 4
;_----rDampre I

2
3
4
5

Total
Percent

1
+
'l

1
5

5
I

7

5

3
I
2
3
1

9
6

11
t2
l_1

tr\

I
2 . 0

20
23
1B
L2
40

10
20.4

25
5 1 . 0

L2 1
2 4 . 5  2 . 0

49

4 0 2 0 8
4 3 3 0 3
6 6 l s 2
64 30 L2
8 4 3 0 5

72
30
38
2 L
35

160
- L29
- L39
-  139

L94

113
1 4 . 8

196
2 5 . 7

5 7
5
4T
2 7
10

297
3 9 .  0

54
6
4 6
33
1B

L25
l-6.4

30
3 . 9

4
I
B
11
4

2 7
2 -
20
13
6 -

0 76L

r42
_ L 4

115
- 8 4
- 3 8

2B
7 . L

L40
3 5 . 6

L57
4 0 .  0

6B
L 7 . 3

0  393

I J
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APPENDIX B TABLE V

Lengths of the isopod Sadtuia ent'omon from stations
2 ,  4 ,  6 ,  8 ,  1 0 ,  2 6 ,  2 8 ,  3 0 ,  3 2 ,  3 4 ,  3 7 ,  a n d  3 8 .

Col lect ion of August L974.

S ize  C lass
4 s 6 Total

Sta .  2 ^
Sample Fl*

2
3 ,
AlD
2
3

2
1
t

2
1
I

1
3

Total  4
Percent  100.0

S t a .  4
Sample Fl

2
3
AI
2
3

Total
Percent

S t a .  6
Sample Fl

2
3
AI
2

Tota l
Percent

S t a .  8
Sample Fl

2
3
AI
2

Total
Percent

L
- t 1

l 1
5 0 . 0  5 0 . 0

.| ,)

- t

1 3
2 5 . 0  7 5 . 0
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APPENDIX B TABLE V (Continued)

Size Class
4 s 6 Total

Fr

S t a .  1 0
Sample Fl

n
L

3
A1
2

Total
Percent

3
A1
2

Total

Sta_. 28
Sample Fl

2
3
A1
2

Total
Percent

S t a .  3 0
S"*pfe ff

2
J

A1
2

Total
Percent

SLa. 32
Sample Fl

2
J

A1
2

Total
Percent

r 7 6
7 . 7  4 6 . 6  4 0 . 0

: - 1
q

1 5 5

I

1
2

I1

I

1
7 . 7

:

l_5

Sta. 26
Sample F1

2 -

J

2
3
2

Percent  100.0

1

1 0
1 0 0 . 0

1
2
3

1 - 1

- 1 1
2 5 1
- 2 1

I

2

2
B
3

3 1 2
5 0 . 0  L 6  . 7  3 3 . 3

{ t

3 8 4
2 0 . 0  5 3 . 3  2 6 . 7

15
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APPENDIX B TABLE V (Continued)

Size Class
4 s 6 Total

S t a .  3 4
Sample Fl

2
J

AI

2

Total
Percent

S t a . 3 7
Sample Fl

2
3
AI
2

Total
Percent

S t a . 3 8
S"*pf. ff

, 2

3
A1
2

Total
Percent

3 4 5
2 5  . O  3 3 .  3  4 L . 7

- l

I
1 1 2

2 2 2

I
1
4

;

I1 -

12

1 0
100 .  0

I

I
1 0 0 . 0

tF = F"g"r  core col lect ion

bA = Ai r l i f t  co l lect ion
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APPENDIX B TABLE VI

Total lengths of the isopod Saduy,ia entomon taken by airlift
f rom s ta tLons  2 ,  4 ,  6 ,  B ,  and 10 .  Co l lec t ion  o f  August  L975.

Size Class
4 5 Total

t_
1
3

2

I

2

2

2
2
4
4
1

13

2
29
5

L4
18

,

S t a .  2
Sample 1

2
3
4

, J

TotaI
Percent

S t a . 4
Sarpf. f

2
3
4
5

Total
Percent

S t a .  6
Sanple 1

2
3
4
5

Total
Percent

S t a . 8
S"*pfe f

2
3
4
5

Total
Percent

I

1

5
7 L . 4

1
L 4 . 3

1
L4 .3

0

1 1
1 - - 1
2 - 2 -

_ : l _
I'

4 L 5 1
3 0 . 8  7 . 7  3 8 . 5  7 . 7

1 1 0
7 . 7  7 . 7

1 1
3 9 1 0 4 2 1 -
L 2 2 -

L 4 4 3 1 1
1  -  B  8  . 1

2 9 2 4 2 3 6 3 1 0
2 . 9  L 3 . 2  3 5 . 3  3 3 . 8  8 . 8  4 . 4  1 . 5

6B

1 8
I6
I

1 8

:, - F
I

3 1

: :

45
62

2

1

- 5

_ : u

1 -

L 2 L 3 5 4 0 1 1 1
0 . 9  1 9 . 0  3 1 . 8  3 6 . 4  1 0 . 0  0 . 9

1 110
0 . 9

n
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APPENDIX B TABLE VI (Continued)

S t a .  1 0
S " * p f " f  -  1  1

2 4 1 6  1 1

3 2 9 2 2 3 - - 3 6
4 L B r 9 1 - - 2 9
5 - 5 1 9 1 - - 2 5

Size  C lass
I 2 3 4 5 6 7 B T o t a l

T o t a l 7 2 4 6 6 5 0 0 0 0 1 0 2
P e r c e n t  6  . 9  2 3 . 5  6 4  . 7  4 . 9
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MPENDIX B TABLE VII

Total le4gths of the isopod Sadunia entomon raken by airlift
f rom stat ions 26, 28r 30, 32, amd 34. Col lect ion of August 1975.

Size Class
4 5 6 10 Total

1I

0 1 0
100 .  0

1 1
2 2 1
1 1

4 -
1 3 1

t r -
T'

-  1 -

l F :

M
I

2
6
J

6
6

2 3

z9
8
+
6

20

I

SEa.  26
Sample 1

2
3
4
5

Total
Percent

S t a .  2 8
Sample I

2
3
t
4

5

Total
Percent

S t a .  3 0
Sample 1

2
3
4
5

Total
Percent

S t a ,  3 2
Sample 1

2
3
4
5

0 5 1 1  2
2 L . 7  4 7  . B  8 . 7

I L 4 L 4
- 1 4 2

2 2
6 -

- 5 1 1  2

1
4 . 3

-

2 L
8 . 7  4 , 3

. F
I -

0 1
4 . 3

- -
, F
I

L 2 0 3 7 6 L 1
1 . 5  2 9 . 8  5 5 . 2  8 . 9  I . 5  1 . 5

1
1 . 5

6 7

4 - L 6
6 -
5 1 0 8 5 2
6 - L 2 - 3
- 1 1 5 5 -

2 0
6

30
2L
2L

Total 2 L 1 1 5 1 1 0 5
P e r c e n t  2 L . 4  L I . 2  5 2 . 0  1 0 . 2  5 . L

9B

14s



APPENDIX B TABLE VII (Continued)

S i z e  C l a s s
4 5 6 l 0 Total

S t a .  3 4-^---.;-.
Sampre r

4
L

3
4
5 *

Tota l
Percent

2 _ _
o - L
- 4

I
I

;

7
I

10
4

4
L I . L +

r 2 4 2
5 2 . 2  L 7  . 4  8 . 7

22

JrA lso  tM in  S ize  C lass  12  w i th  percent  o f .  4 .3
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APPENDIX B TABLE VIII

Total lengths of the isopod Saduy.ia entomon taken by airlift
f rom s ta t ions  37 ,  38 ,  and 39 .  Co l lec t ion  o f  August  L975.

Size Class
4 5 Total

S t a .  3 7
Sample I

2
3
4
5

Total
Percent

Sta .  38
Sarnple I

2
3
4
5

Total
Percent

S t a .  3 9
Sample 1

2
3
/,

5

Total
Percent

I
1
I
1

1
1
I

I

1

3
7 5 . 0

I
2 5 . 0

:

I I

0 1
100 .  0

l_

I
1 0 0 . 0

'T
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F\

SADURIA ENTOMON. COLVILLE RIVEB DELTA

3 5 4 { J 4 5 5 0 5 5 6 0

TOTAL LENGTH (mml

Size d is t r ibut ion of
delta (adapted frorn

Saduria entomon
Crane anA Cooney,

Colville River
r973).

Appendix B Figure 1.
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GENEML DISCUSSION

The studies descr ibed in th is  repor t  were carr ied out  to  generate a

basic body of  in format ion for  the envi ronment  adjacent  to a causeway s i te  in

Prudhoe Bay,  Alaska.  Al though considerable data are avai lable for  the near-

shore arct ic  mar ine envi ronment  e lsewhere (see Feder et  aL. ,  I976b for  a

l i terature survey of  the arct ic  mar ine envi ronment) ,  l imi ted in format ion

was previously  avai lable for  Prudhoe Bay.  Thus,  the benth ic  b io logical

and hydrocarbon data inc luded here represent  the f i rs t  in format ion of  th is

nature avai lable for  the area,  and the geological  data extends wel l  inshore

an exis t ing data base a l ready avai lable for  outer  Prudhoe Bay (see Feder ef ,

aL . ,  I 976a ,  Chap te r  I I  f o r  l i t e ra tu re  rev iew) .

Our work in  Prudhoe Bay addressed two re lated sc ient i f ic  quest ions:

1) What, if any, environmental changes wil l be induced by the construction

of a gravel causeway into Prudhoe Bay, and 2) What, if any, environmental

changes in the marine environment in and around Prudhoe Bay wil l be induced

by ongoing petroleum exploration and development in the area? Our work

reported here const i tu tes a beginning towards answer ing these quest ions.

A1l  of  the sediments col lected at  the new causeway and the adjacent

t ransect  were moderate ly- to poor ly-sor ted sands,  s i l ty  sands or  sandy s i l ts .

However,  the sediments at  the stat ions adjacent  to the causeway showed an

overal l  seaward decrease in mean s ize and sediment  sor t ing.  The benth ic

biota at  these stat ions,  in  general ,  appeared to corre late wi th th is  seaward

sedi-ment  t ransi t ion wi th species d ivers i ty ,  densi ty  and b iomass tending to

increase wi th d is tance of fshore.  The t ransect  c losest  to  Point  Mclntvre

(S ta t i ons  37 ,  38 ,  and  39 )  d i f f e red  f rom the  o the r  t h ree  t ransec ts ,  and

physical ly  and b io logical ly  resembled the shal lower por t ions of  the t ransects"
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Since a change in the sediment  budget  in  th is  por t ion ( the nor thwestern

region)  of  Prudhoe Bay can be expected subsequent  to the construct ion of

the causeway, Ehe ecological consequences of such a sediment change can per-

haps best be gauged by way of a continuing examination of the benthic fauna

here.  Pre l iminary studies of  the common f ishes of  Prudhoe Bay indicate

that  these f ishes are feeding pr imar i ly  on crustaceans character is t ic  of

shal low-sandy stat ions such as those at  Point  Mclntyre.

We concluded,  af ter  the f i rs t  year  s tudy,  that  the ex is tence of  ice-

scour zones and the establ ishment  of  " local"  populat ions must  be considered

in the development of a biological monitoring scheme for Prudhoe Bay

(Feder et  aL. ,  L976a).  Now, af ter  a second season of  f ie ld work,  we feel

that  our  or ig inal  ideas may have been too s i rnpl is t ic .  I t  now appears that

storms dur ing the open water  per iod may ef fect  rapid and profound changes

in the biota. Such storm-induced changes appear to be much greater than

the combined ef fects of  ice-scour and t 'normal"  recru i tment  pat terns.

The i rnpl icat ions of  s torm t ranslocat ion of  adul t  benth ic  ind iv iduals,

f o r ce  us  t o  rev i se  ou r  ea r l i e r  p red i c t i ons  (Fede r  e t  aL . ,  L976a )  on  repopu -

lat ion of  a local  area.  The recru i tment  of  the sessi le  benthos can,  thus,

take aE least  three forms:  (1)  set t l ing of  larvae,  (2)  s low movement of

adul ts  in to an area,  and (3)  s torm-generated t ranslocat ion of  adul ts  f rom

nearby areas.  I t  appears qui te possib le that  the destrucLion of  nearshore

benthos could easi ly  go unnot iced by a moni tor ing scheme such as ours i f

sLorms occurred af ter  the destruct ion and before the next  sampl ing per iod.

The next logical step in monitoring the Prudhoe Bay benthos appears

to be Ehe determination of the distribution of the clam Cyntodnri.a kuz'rLana,

an essent ia l ly  sessi le  species,  in  the local  area.  I f  i ts  d is t r ibut ion is

l imi ted st r ic t ly  to  the nearshore area or  i f  i ts  s ize changes wi th water
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depth, it could be the key species for separating internal changes in the

nearshore benthos from translocation changes.

The kinds and amounts of hydrocarbons now present in the sediment and

f ishes of Prudhoe Bay indicate that these hydrocarbons are both petrogenic

and biogenic in origin. The fact that most of the benthic invertebrate

species col lected are apparent ly ei ther deposit  feeders or scavengers sug-

gests that any petroleum hydrocarbons added to their environment might be

picked up by them during their feedi-ng activities. However, this has not

yet been observed. Petroleum hydrocarbons can be readily monitored through

their detection in the sediment, in the tissues of some of the benthic invef-

tebrates, and also in the t i -ssues of f ishes ut i l i -z ing some of these inver-

Lebrates for food. To date, f ishes but not benthic invertebrates have been

analysed for hydrocarbons at Prudhoe Bay.
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RECOMMENDATIONS

1.  Geo log i ca l  -  I t  i s  sugges ted  tha t  a  l ong - te rm sed imen to log i ca l

and geochemical  moni tor ing program for  Prudhoe Bay be in i t ia ted.  Addi t ional

stat ions should be establ ished throughout  Prudhoe Bay and adjacent  areas to

determine sediment- t ransport  vectors and quant i ty  of  l i t tora l  dr i f t  o f

sediments wi th in the Bay.  The number of  s tat ions wi th in the establ - ished

transects can probably be reduced where s imi lar  sediment  paramerers are

measu red  a t  nea rby  s ta t i ons  on  these  t ransec ts .

2.  Bio logical  -  A long- term moni tor ing program should be in i t ia ted.

In v iew of  the compact  nature of  the sediments of  most  of  the stat ions occu-

pied i t  is  s t rongly recommended that  d iver-operated sampl ing devices cont inue

to serve as the basic  col lect ing tools  in  the causeway area.  However,  the

simi lar i ty  of  the fauna at  some of  the adjacent  s tat ions a long the t ransects

suggests that  the number of  s tat ions can be reduced,  but  l t  is  reconnnended

that  a l l  s tat lons be sampled for  at  least  three years before estabJ- ish ing

f inal  moni tor ing posi t ions.  Both types of  sarnpl ing gear (Fager core and

a i r l i f t )  shou ld  be  used  du r i ng  mon i to r i ng  ac t i v i t i es .  Each  me thod  e f f ec t l ve l y

samp les  spec i f i c  o rgan i sms ,  a l t hough  the  a i r l i f t  s ys tem cons i s ten t l y  co l l ec t s

more species per  s tat ion.  I t  is  recomnended that  addi t ional  repl icate samples

be taken at  every stat ion.  F ish- t rap sampl ing should be expanded.  The

lat ter  co l lect ion method is  re lat ive ly  s imple,  y ie lds large numbers of  ind i -

v i dua l s ,  and  can  be  used  i n  a  va r i e t y  o f  ways  fo r  mon i to r i ng  pu rposes  (e .g . ,

changes in species composi t ion,  general  densi ty  ehanges,  reproduct ive b io-

1ogy,  growth studies,  and hydrocarbon analyses of  inver tebrate species) .

More in tensive sampl ing at  speci f ic  s tat ions around the Barr ier  Is lands is

suggested to establ ish a f i rm basis for  a moni tor ing program here.  Several
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addit ional-  stat lons (occupied joint ly for sediment,  biological  and hydrocarbon

analyses) shoul-d be established in the deeper waters of Prudhoe Bay. An

intensive study of the distribution and growth of the cl.am Cyntodaz,ia kurriann

should be initiated irmnediatel-y.

3. Hydrocarbon - Based on the f i rst  and second yearrs work, i t  appears

that too great a variability in sampling occurred from year to year to all-ow

a ful l  interpretat ion of the di f ferences that have been found. Thus, a more

extensive and standardized sampl ing effort  is required. Hydrocarbon data

on resident benthic biota is also needed in addl- t ion to cont inued informatlon

about hydrocarbon levels in highly rnobi le f ishes.
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