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INTRODUCTION 

As with many other industries, one of the major problems faced by 

pulp and paper mills is that of disposal of waste by-products. The quan

tity of such wastes may vary from 1-25 million gallons per day depending 

on the size and efficiency of the mill involved and may thus represent a 

cons i derab 1 e po 11 uti on prob 1 em. The nature of the \'las te i tse 1 f depends 

upon the type of manufacturing process employed by a particular mill, but 

even within a single mill it varies as a function of operational parameters 

and type of wood chips used. 

The main problems associated with pulp mill pollution derive from 

the high biological oxygen demand (BOD), the toxicity, the color and odor, 

and, especially in marine water, the tendency of wastes to precipitate and 

form sludge deposits. The high BOD of pulp mill wastes leads to deoxygen

ation of receiving waters which are thus rendered unsuitable for aquatic 

life. In addition, wastes, through their toxicity, may directly inhibit 

phys iological processes vital for survival. The problems associated with 

color and odor are likely to be mostly esthetic ones, but reduced light 

transmission may adversely affect plant photosynthesis--thus primary pro

ductivity--and visual acuity of marine animals. The colloidal nature of 

pulping wastes make them particularly susceptible to precipitation in the 

presence of high salt concentrations found in marine waters and the re

sulting sludge deposits smother benthic organisms (Waldichuk, 1962). 

The present investigation was initiated in response to the need to 

assess the biological consequences of a proposed ocean outfall for pulp 

mill wastes at Coos Bay, Oregon. The requirement, by the Oregon Depart

ment of Environmental Quality, that the two mills in the area initiate 

the use of an ocean outfall for waste disposal is motivated by the in

creasing concern for the environmental effects of the present waste 



disposal methods employed by these two firms. The affected mills are 

the Menasha Corporation's pulp mill located across the bay from North 

Bend, Oregon and the Coos Head Timber Company's pulp mill located at 

Empire, Oregon. 
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The Menasha Corporation operates a sodium base, semi-chemical pulp 

mill which produces about 250 tons per day of corrugating medium at a 70 

percent yield. Mill waste is produced at a rate of about 1.3 million 

gallons per day and has the following approximate characteristics: BOD, 

42,000 lbs/day; suspended solids; 4,000 lbs/day; Pearl Benson Index (PBI), 

85,000 mg/1 and pH, 5.5 to 6.8. Menasha mill wastes are currently sub

jected to primary treatment, involving screening and short term retention 

in two settling basins, which provides for partial removal of suspended 

solids. The wastes are subsequently pumped to a 270-acre lagoon for per

manent storage. Evaporation from the lagoon partially balances the con

tinual input of new wastes, although this has proven to be inadequate. 

It has been necessary on two occasions, once in 1967 and again in 1969, 

to pump excess lagoon wastes over the sea wall and on to the beach west 

of t he lagoon. In addition, there is concern that seepage in a northerly 

direction from the lagoon may contaminate a municipal ground water supply 

and uncontrolled seepage which enters the bay to the east may affect 

clams or other organisms. In January, 1970, a rupture of the lagoon's 

east dike resulted in spillage of 300-400 million gallons of lagoon wastes 

into the outer bay with unknown consequences to the bay flora and fauna 

(Gaumer and Phibbs, 1970). 

The Coos Head Timber Company pulp mill is a conventional calcium 

base sulfite mill producing 80 tons per day of unbleached pulp at a 45 

percent yield. This mill is discharging about 1.5 million gallons per 
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day of scree~ed wastes directly into the outer ba~ near Empire, Oregon. 

The approximate waste characteristics are: BOD, 35,000 lbs/day; suspend

ed solids, 2,500 lbs/day; PBI, 13,000-400,000 mg/1 and pH, 2.0-2.5. 

Oregon Fish Commission surveys show that mud flats adjacent to the Coos 

Head pulp mill have few clams, smell of hydrogen sulfide and are often 

covered with a white crystalline deposit (Demory, personal communication). 

The present study had three primary objectives: 

l) to provide toxicity data, 

2) to survey the benthic and beach faunas in the vicinity of the 

proposed outfall, and 

3) to survey the important sport and commercial fishing activities 

in the area. 

Because of various constraints our efforts have been restricted to the 

consumer trophic levels. This does not imply that the potential effects 

of the ocean outfall on producer and decomposer trophic levels are of 

lesser consequence. 

The intent behind the toxicity studies was to provide data which 

would be useful in determining the required dilutions of the mill wastes. 

For this purpose bioassays were conducted to determine the concentration 

of wastes which were lethal, which produced abnormal development in bi

valve larvae and which prevented attachment by rocky intertidal forms. 

No attempts were made to evaluate the effect of low dissolved oxygen con

centrations or other environmental variables on pulp mill waste toxicity. 

The specific objectives of the beach and benthic faunal surveys 

were two-fold. The first was to ' identify macro-organisms found in these 

two habitats so that individual assessments could be made of the water 

quality requirements of each of the important animal forms. The second 

objective was to provide sufficient data to establish with some assurance 
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the essential homogeneity of the fauna for a considerable distance north 

and south of the area of great1est waste contamination. Such information 

would be needed to validate subsequent surveys attempting to show a gradi

ent of effect as a function of proximity to the waste outfall. 

In the third area of investigation we attempted, primarily on the 

basis of interviews, to identify ocean-centered sport and commercial fish

ing activities which are of consequence to the Coos Bay area. 

Professor ~lilbur P. Breese, Dr. John D. Mcintyre, Mr. Wayne K. Seim and 
Dr. Charles E. Warren, all of the Department of Fisheries and Wildlife, 
Oregon State University, participated in various phases of planning and 
data collection for this study and their assistance is gratefully ack
nowledged. Dr. John DeMartini offered many helpful suggestions for the 
benthic survey and discussions with him contributed significantly to 
that study. Expert technical assistance was provided by Mr. James D. 
Steinfeld, Miss Jeni Kay and Mr. Ralph Woods. Many other persons were 
consulted and their assistance is greatly appreciated. Sieve analyses 
of sand from the beach and benthic samples, as well as chemical analyses 
of the wastes were provided by Cornell, Howland~ Hayes and Merryfield. 
Pulp mill wastes were provided by Menasha Corporation and Coos Head 
Timber Company personnel. 

- ---- - - - ----------~---



5 

TOXICITY BIOASSAYS 

Introduction and Studies Descriptions 

Of the three major objectives of this study, one was to provide in

formation on the toxicity of the pulp mill wastes to those marine species 

occurring near the proposed ocean outfall. Since only a limited amount 

of time was available for the study and there were many species that could 

be affected by the discharged wastes, it was essential that an extremely 

simple technique for toxicity evaluation be adopted and applied to as many 

species as time allowed. For these reasons the static type of acute tox

icity bioassay, designated hereafter as the lethality bioassay, in which 

results are expressed as the median lethal tolerance limit (Tlm} for 48-

and 96-hour exposures, was chosen (Doudoroff, et !!·, 1951}. With this 

procedure we were able to conduct up to four experiments per week on a 

routine basis. When appropriate and when conditions permitted, variations 

of this basic method were applied. 

In addition to the lethality bioassay, which was used in this study 

for adult organisms of several species and for juvenile forms of the 

Dungeness crab, a second bioassay technique was applied to larval bivalve 

molluscs. In the latter procedure the concentration of pulp mill efflu

ents resulting in abnormal development of 50 percent of the bivalve embryos 

in 48 hours was used as a criterion of toxic affect (Dimick and Breese, 1965). 

The choice of bioassay animals was dictated by availability for study, 

likelihood of exposure to significant concentrations of pulping wastes 

from the ocean outfall and considerations of diversity of taxonomic rep

resentation. Bioassays were ultimately conducted on the following spe

cies and life stages: Siliqua patula young adults and embryos, Protothaca 

staminea embryos, Mytilus edulis embryos, Cancer magister 2nd zoeal stage, 
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megalops stage and 1st crab stage, Cymatogaster aggregata, an unidenti

fied gammarid amphipod, Exocirol'ana linguifrons, Exocirolana chiltoni, 

Archaeomysis grebnitzkii, Tegula funebralis, Mytilus californianus and 

Strongylocentrotus purpuratus. 

Three pulp mill wastes were bioassayed. Menasha settling basin 

waste was a fresh waste which had been subjected to primary treatment. 

Menasha lagoon waste was settling basin waste that had been stored for 

an extended period of time in a large shallow lagoon exposed to solar ra-
.. 

diation. The third waste was a one-to-one mixture by volume of Menasha 

settling basin waste and a whole untreated waste from the Coos Head Timber 

Company's sulfite pulp mill near Empire, Oregon. These three wastes will 

be subsequently referred to as sett1i ng basin, 1 agoon and .. mixed wastes ... 

Methods 

Collection and treatment of wastes. Composite samples of pulping 

wastes were collected by mill personnel and promptly delivered to the OSU 

Marine Science Center where they were stored at 2oc until tests were be

gun. Coos Head Timber Company mill wastes were composites of ten 0.5 gal

lon subsamples collected over an eight-hour period representing one cycle 

each of the two blow pits. 

Menasha mill wastes were either taken from the settling basin, which 

provides primary treatment by fiber and partial removal of suspended 

solids, or were taken from the northwest corner of the 270-acre seepage 

lagoon. Settling basin samples were composited by taking one gallon 

every two hours for 10 consecutive hours. · The entire 5 gallon lagoon 

sample was taken at one time. 

During the initial phases of the study, bioassays were conducted on 

settling basin and 11mixed wastes ... The 11mixed waste .. was prepared by 



combining settling basin and Coos Head Timber Company wastes just prior 

to their use in bioassays. In later bioassays only settling basin and 

lagoon wastes were used. 
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Unless specifically indicated mill wastes were used in bioassays with

ing one week of their collection. Usually wastes were collected on Thurs

day or Friday and lethality bioassays were begun on the following Monday. 

Bioassays of bivalve larvae were usually not begun until Tuesday or 

Wednesday of the week following collection. Since some sedimentation of 

solids was often observed, even within one week, wastes used in tests were 

always obtained by carefully decanting the liquor from the tops of the 

storage containers. 

Bivalve embryo bioassay. The bioassay of bay mussel embryo develop

ment was conducted as described by Dimick and Breese (1965}. This tech

nique is basically as follows: mussels (Mytilus edulis} were induced to 

spawn,and egg and sperm suspensions were subsequently added to a series of 

waste dilutions prepared with 25~oUV treated filtered sea water. The de

veloping embryos were incubated without aeration in small finger bowls at 

20°C in subdued light for 48 hours. After 48 hours the percentage of 

normal shelled-straight hinged larvae were determined by counting the first 

150 embryos encountered. 

Control incubations, containing only the diluent sea water, routinely 

had 80-90 percent normal embryos. Relative to the controls, the percent

age of normal embryos developing in the test solutions forms the basis 

for the bioassay. The results are expressed as the ECso• a concentration 

of waste resulting in abnormal development of 50 percent of the mussel 

embryos in 48 hours. The ECso was determined from the test results by 

the method of graphical interpolation (Doudoroff et !l·' 1951). Similar 
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techniques were employed to bioassay embryonic development of razor clams 

and littleneck clams. 

Lethality bioassays. Lethality bioassays conducted on adult marine 

organisms constituted the main approach to the assessment of toxicity of 

t he pulping wastes. The procedure utilized in these studies was modeled 

after the static bioassay technique suggested by Doudoroff et !!_. (1951) 

for fish. Although this technique has serious limitations when applied 

to organisms such as gastropods, bivalve molluscs or other organisms cap

able of enclosing themselves within a protective envelope, it was con

sidered to be the best means of providing bioassay test data on a large 

number of different types of organisms in the short time available. 

Bioassays were conducted in quart, gallon and five-gallon jars as 

appropriate for the size of the test organism. In the case of the 2nd 

zoeal stages of the Dungeness crab, bioassays were run in 200 ml volumes 

without supplemental aeration. In all other bioassays air was slowly 

bubbled into the test solutions through an immersed glass tube. Fresh 

waste dilutions were routinely made up after the first 48 hours although 

in many instances waste waters were renewed daily. In the experiments 

with Dungeness crab zoea, daily changes of waste were necessary to pre

vent de-aeration of the test medium. 

Dissolved oxygen, and tempet~ature measurements were taken daily and 

pH values were .monitored at the time of discarding test media. pH deter

minations were made on a Fisher Accumet, Model 210. Dissolved oxygen 

measurements were made with either a Beckman Model 777 oxygen analyzer or 

a Yellow Springs Model 51A portable oxygen meter. 

Waste concentrations, expressed as percent of raw waste by volume, 

were prepared immediately before use by diluting the stock waste solutions 

with filtered sea water of no less than 30°ksalinity. Ten test animals 
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per container were incubated with five concentrations of waste and control 

sea water and the percentage of survivors recorded after 48 and 96 hours. 

Animals were considered dead when no activity or response to prodding was 

noted within one to two minutes. The 48 and 96-hour median tolerance 

l imits (48-hr TLm and 96-hr Tlm) were computed from the test data by the 

method of straight line graphical interpolation. When Tlm•s were greater 

than 15 percent they were indicated as such with no further attempt being 

made to determine the exact value. 

Behavioral bioassays. While lethality bfoassays provide a useful 

index of relative toxicity it is always necessary to assume a somewhat 

arbitrary safety factor in order to use them for the setting of water 

quality standards. Usually lower levels of a toxicant will impair a be

havioral or physiological response which is essential for survival. For 

intertidal organisms attachment to the substratum is essential to prevent 

their being swept away by wave action. 

For two of the rocky intertidal organisms studied, Tegula funebralis 

and Mytilus californianus, the concentration of wastes which prevented 

attachment to the walls of the test vessels was determined. These data 

were expressed as ECso• 5 , the concentration permitting attachment of 

only 50 percent of the test animals in a designated period of time-

usually 96 hours. Procedures for the behavioral bioassays were similar 

to those described for lethality bioassays except that failure of attach

ment was taken as the measure of effect. 

Results 

Assessment of waste variability. Toxicity studies with pulp mill wastes 

encounter the formidable problem that the composition of wastes as they 

flow from the mill are continually variable, both with respect to concen

tration of all the components as a whole and also the relative concentrations 
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of individual components. In addition, the character of the waste con

tinues to change during storage through the action of various degradative 

processes. In order to standardize wastes used in bioassays, researchers 

usually express the concentration of sulfite waste liquor as parts per 

million by volume of a waste containing 10 percent solids. The concentra

tion of Kraft mill wastes which contain considerably fewer solids are 

usually given by dilution. In the present study where more than one type 

of waste is encountered the concentration of wastes are given as percent 

by volume. 

In order to provide an assessment of the variability of the wastes 

from week to week, fresh wastes were frozen and subsequently subjected to 

standard tests of COD, BOD, total and volatile solids, Pearl-Benson Index 

and True color. These data are presented in Tables 1-3. In addition to 

chemical characterization of the wastes, the Menasha settling basin and 

lagoon wastes were routinely bioassayed for their effects on mussel larval 

development. Assuming that no seasonal effect of the mussel larval re

sponse occurred from June through August, these bioassays, conducted on 

each new waste sample, provide an index of variability of toxicity. The 

weekly variation of settling basin and lagoon waste toxicity to bay mussel 

larvae iS shO\'In in Tables 4 and 5. The June 18, 1970 settling basin waste 

(#512) was considerably less toxic than average (EC5o, 0.22 percent) while 

that obtained on August 20, 1970 (#527) was considerably more toxic than 

average for settling basin wastes (EC50, 0.08 percent). With these two 

exceptions, toxicity variations were relatively minor. EC5o•s for lagoon 

toxicity ranged from 0.07 to 0.12 percent. 

Sensitivity of bivalve larvae to pulping wastes. Of the organisms 

and life stages studied, the most sensitive to the pulping wastes were 

the bivalve larvae. Using abnormal development in 48 hours as a criterion 



Table 1. Characteristics of Menasha settling basin wastes used in bioassay studies. 

~Jaste Total Volatile 
Date Sample COD BOD Solids Solids 

(1970) No. (mg/1) (5 day) (mg/1) (mg/1) 

May 8 502 12,700 2,900 10,100 3,420 

~1ay 21 504 11,300 2,600 10,230 3,490 

May 28 506 10,600 2,300 8,670 3,000 

June 5 508 14,600 3,200 14,250 4,560 

June 11 510 15,400 3,000 13,325 4,810 

June 18 512 8,950 2,400 8,750 2,620 

June 25 514 2,800 11,880 4,000 

July 2 516 3,000 7,690 3,040 

July 9 518 3,300 12,800 7,700 

July 16 521 6,170 4,100 

July 30 523 10,950 5,160 

Aug. 6 525 10,840 4 '100 

Sept. 4 531 11 ,400 4,600 

Pearl-Benson 
Index 
(ppm) 

64,000 

66,000 

55,000 

81,000 

78,000 

54,000 

80,000 

67,000 

130,000 

64,000 

93,000 

90,000 

94,000 

True 
Color 
(ppm) 

9,500 

10 '100 

11 ,250 

8,100 

10,500 

7,380 

11,800 

12,400 

11,000 

4,880 

10,000 

7,350 

9,000 

_. 
_. 



Table 2. Characteristics of the mixture of Menasha and Coos Head Timber wastes (1:1, V/V) used in bioassay 
studies. 

Waste Total Vol a tile Pearl-Benson 
Date Sample COD BOD Solids Solids Index 

(1970) No. (mg/1) (5 day} (mg/l) (mg/l) (ppm} 

May 8 503 19,900 1,800 14,650 5,940 170 ,000 

May 21 505 21,100 1,600 15,380 6,340 183,000 

May 28 507 15,000 2,300 8,220 3,295 145,000 

June 5 509 24,800 1,600 19,100 7,250 208,000 

June 11 511 18,400 3,000 14,355 5,520 145,000 

June 18 513 17,170 1,900 12,560 4,880 -130,000 

June 25 515 1,600 15,280 6,480 210,000 

True 
Color 
(ppm) 

5,800 

6,380 

6,250 

8,800 

5,550 

4,400 

2,800 

-N 



Table 3. Characteristics of the Menasha lagoon wastes used in bioassay studies. 

~!aste Total Volatile Pearl-Benson True 
Date Sample COD BOD Solids Solids Index Color 

(1970) No. (mq/1) (5 day) (mg/1) (mg/1) (ppm) (ppm) 

July 9 519 1 ,200 7,700 2,880 35,000 20,750 

July 30 524 8,070 2,190 54,000 25,125 

Aug. 6 526 7,650 2,960 60,000 23,500 

Sept. 4 532 9,330 4,790 60,000 26,000 



Table 4. Variation in toxicity of Menasha settling basin wastes to bay 
mussel larvae embryonic development. 

Waste 
Date Sample ~~1~ (1970) Nc,. 

June 11 510 0.17 
(4)* 

June 18 512 0.22 
(2) 

June 25 514 0.10 
(1) 

July 2 516 o. 12 
(2) 

July 9 518 0.15 
(2) 

July 16 521 0.18 
(2) 

July 30 523 0.15 
(2) 

Aug. 6 525 0.13 
(2) 

Aug. 20 527 0.08 
(2) 

Aug. 28 529 0.16 
(1) 

+ Concentration of pulping waste, percent by volume. 

* Figures in parentheses indicate the number of bioassays conducted. 
Replicate determinations utilized eggs from different female mussels • 

. ~---------

14 



Table 5. Variation in toxicity of Menasha lagoon wastes to bay mussel 
larvae embryonic development. 

Waste 
Date Sample ECso 

(1970) No. (%)+ 

July 9 519 0.10 
(1 )* 

July 30 . 524 0.07 
(2) 

Aug. 6 526 0.08 
(2) 

Aug. 20 528 0.08 
(2) 

Aug. 28 530 0.12 
( 1) 

+ Concentration of pulping waste, percent by volume. 

* Figures in parentheses indicate the number of bioassays conducted. 
Replicate determinations utilized eggs from different female mussels. · 

15 
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of damage, the effects of Menasha settling basin and lagoon wastes were 

determined on two species of clams and the bay mussel. Of these three 

species the razor clam (Siligua patula) and the littleneck clam (Proto

thaca staminea) were less sensitive to both wastes than the bay mussel 

(Mytil us eduli s) (Table 6). For identical settling basin samples the 

ratios of razor clam to mussel Ec50 .s were 1.05 and 1.30 and the ratio 

for the lagoon sample was 1.75. Similarly with the littleneck clam the 

ratio for settling basin waste was 1.77 and for lagoon waste was 2.35. 

It should be noted that the two settling basin samples used in the razor 

clam bioassays were respectively the least toxic and most toxic to the 

bay mussel, Table 4, and this variation is reflected in the razor clam 

bioassays. 

Of the two types of waste used, the lagoon wastes appeared to be con

sistently more toxic than the settling basin wastes to the bay mussel lar

vae, although the same distinction could not be made for either species of 

clam. 

Sensitivity of sandy beach inhabitants to wastes. Five species of 

intertidal sandy beach organisms were studied to evaluate their resistance 

to the pulp mill wastes. These were the razor clam (Siligua patula), the 

mysid shrimp (ArchaeomYsis grebnitzkii), an unidentified gammarid amphi

pod and two species of isopods, Exocirolana linguifrons and E. chiltoni. 

The approach in these studies involved use of the lethality bioassay 

method to determine the 48-hr and 96-hr Tlm•s· 

Razor clam bioassays were performed on clams averaging about 3 em in 

length. The settling basin waste was more toxic to this species than to 

most of the other species studied (Table 7). In two experiments the 48-hr 

TLm•s were 4.4 and 4.7 percent. Within 72 hours less than SO percent of 

the clams survived at the lowest waste concentration (2.9 percent). The 

--- - - - -- - ------



17 

Table 6. Concentration of Menasha settling basin and lagoon wastes result
ing in abnormal embryonic development of three bivalve molluscs. 

Organism 

Razor clam 

Littleneck clam 

Bay mussel 

Waste 
Sample 

No. 

512 
527 
528 

518 
519 

Description 

Settling basin 

Lagoon 

Sett 11 ng basin 
Lagoon 

Settling basin 
Lagoon 

+ Concentration of pulping waste, percent by volume 

* i~ean of bioassays on 10 waste samples listed in Table 'f 

# Mean of bioassays on 5 waste samples listed in Table s-. 

EC5o 
(%)+ 

0.23 
0.10 
0.14 

0.26 
0.24 

0.15* 
0.09# 

---------- - - - - ---------~----------- - -----



Table 7. Acute toxicity of pulping wastes to five species of sandy beach organisms. 

Waste 
Organism Sample Description Temp. 48 hr Tlm 96 hr Tlm 

No. (Oc) (% )# (% )# 

Razor clam 518 Settling basin 12 4.4 <2.9 
514 Settling basin 13 4.7* <2.9* 
519 lagoon 12 >10.0* 8.1* 

Amphipod 512 Settling basin 13 >15.0 >15.0 
518 Settling basin 12.5 )15.0 11.7 
519 lagoon 12.5 )15.0 >15.0 
513 f•1i X 13 5.8 < 2.9 
515 t4i X 13.5 >15.0 6.0 

Isopod (South Beach) 516 Settling basin 13.0 )15.0 >15.0 
521 Settling basin 12.3 >15.0 )15.0 
519 lagoon 12.3 >15.0 >15.0 

Isopod (Coos Bay) 527 Settling basin 9 )15.0 >15.0 
529 Settling basin 9.6 >15.0 12.5 
528 lagoon 9 >15.0 >15.0 
530 lagoon 9.4 >15.0 >15.0 

Mysfd shrimp 513 Mix 13 < 2.9 

# Concentration of pulping waste, percent by volume 

* Only five organisms per waste concentration in these experiments 

__, 
()) 
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bioassay containers did not contain sand and the clams, which were lying 

free on the bottom of the vessels, with shells partially opened, were un

able to protect their soft parts from the waste. The effect of lagoon 

waste was less extreme in that the 48-hr TLm was greater than 10.0 percent 

and the 96-hr TLm was 8.1 percent. 

Of the several species of organisms occupying the sand beach environ

ment on the open coast north of Coos Bay, four families of amphipods are 

represented by at least six species. In order to evaluate the response 

of this group of organisms to the pulp mill wastes we carried out several 

bioassays on an unidentified gammarid amphipod which was found in large 

numbers in the mid to low tide zone of the open coast south of Newport. 

In two experiments with settling basin wastes the 48-hr TLm•s were greater 

than 15 percent and one 96-hr TLm was greater than 15 percent while the 

other was 11.7 percent (Table 7). Lagoon 48 and 96-hr Tl,n•s were greater 

than 15 percent. The "mixed waste" was highly toxic in one experiment, 

but only moderately toxic in a second. The results of the first experi

ment should be considered atypical since the Coos Head Timber Company com

ponent of the "mixed waste" did not include the diluting effects of the 

wet room "white water" which is normally included in the total waste 

effluent. 

Numerically, the most abundant organism found on the sand beach was 

a small isopod, Exocirolana linguifrons. Collections of this species were 

made from the sand beach near Coos Bay. Collections of a similar species, 

E. chiltoni were obtained near Newport, Oregon. Experiments were con

ducted with both settling basin and lagoon wastes and data are reported 

for both species (Table 7). With a single exception both 48-hr and 96-hr 

TLm•s were greater than 15 percent by volume. An exception was found in 

one of two experiments with the settling basin waste and E. linguifrons 
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in which the 96-hr Tl,n was only 12.5 percent by volume. 

We were unable to obtain ~conclusive results for the mysid shrimp 

since this organism was extremely sensitive to handling in the laboratory. 

In initial experiments the 24-hr Tlm•s for settling basin waste still ex

ceeded: 15 percent but the experiment was not continued beyond that point. 

In the "mixed waste" experiment, no survivors remained in the control 

flask after 48 hours. In a later experiment with "mixed waste" the 24-hr 

Tlm was greater than 15 percent but the 48-hr TL,n was less than 2.9 per

cent (Table 7). Since the "mixed waste" used in this experiment contained 

the abnormal Coos Head Timber Company waste referred to earlier, these 

latter data cannot be considered representative. At least one other ex

periment was unsuccessful and further attempts to bioassay this species 

were abandoned. 

Waste effects on rocky intertidal forms. Acute toxicity bioassays 

were conducted on three species of rocky intertidal organisms collected 

from Yaquina Point, north of Newport. These species were the turban 

snail, Tegula funebralis, the California mussel, Mytilus californianus 

and the purple urchin, Strongylocentrotus EUrpuratus. 

The turban snail and the California mussel were both highly resis

tant to the settling basin and lagoon wastes, exhibiting both 48-hr and 

96-hr TLm•s of greater than 15 percent waste by volume (Table 8). The 

purple urchin was more sensitive to the wastes. In settling basin, lagoon 

and .. mixed ~aste, .. 48-hr Tlm•s were greater than 15 percent for the lat

ter species (Table 8). However, the 96-hr Tlm for settling basin waste 

was 6.4 percent in one case and greater than 15 percent in another. In 

lagoon wastes the 96-hr TLm was greater than 15 percent but in the "mixed 

waste" this value was only 5.5 percent (Table 8). 

- ---- - - ---- · ·---



Table 8. Acute toxicity of pulping wastes to three species of rocky intertidal organisms. 

Haste 
Organism Sample Description Tern). 48 hr TLm 96 hr TLm 

No. (oc (%)# (%)# 

Turban snail 525 Settling basin 12.5 >15 .0 >15.0 
527 Settling basin 13.2 >15 .0 ~15 .0 
526 Lagoon 12.5 >15.0 >15.0 
528 Lagoon 13.2 >15.0 >15 .0 

California mussel 525 Settling basin 11.0 >15 .0 )15.0 
531 Settling basin 11.0 >15 .0 )15 .0 
526 Lagoon 11.0 >15.0 >15 .0 
532 Lagoon 11.0 >15 .0 >15.0 

Purple urchin 506 Settling basin 14.0 >15.0 6.4 
527 Settling basin 11.3 >15 .0 )15 .0 
528 Lagoon 11.0 >15 .0 >15 .0 
507 Mix 14.0 >15 .o 5.5 

# Concentration of pulping waste, percent by volume 

N __, 
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In addition to toxicity bioassays the effects of pulp mill waste on 

the substrate attachment behavior ofT. funebralis and M. californianus 

\'tas a 1 so examined. In this procedure observations were made of the per

centage of test organisms firmly enough attached to the test containers 

after 96 hours to resist detachment when the container was emptied and in

verted. Attachment in both species was 100 percent effective in control 

groups. 

In attachment experiments with turban snails the 96-hr ECso with set

tling basin waste was 4.2 percent and 5.7 percent in two tests (Table 9). 

The 96-hr Ec50 •5 for lagoon wastes were roughly comparable at 3.9 percent 

and 10.0 percent. Unattached snails were frequently withdrawn within 

thei r she l ls wi th the operculum tightly closed. Upon transfer into fresh 

seawater the operculum was rapidly opened (5-100 seconds) and activity re

sumed. In general, recovery of activity appeared to be most sluggish in 

those snails exposed to the highest waste concentrations. 

In t he Cal ifornia mussel, bysus attachment appeared to be inhibited 

more by settling basin waste than by lagoon waste. The 96-hr EC5o•s for 

the former were 5.8 percent and 5.4 percent and for the latter were 10.0 

percent and greater than 15 percent (Table 9). 

Dungeness crab and shiner perch. The commercially important dungeness 

crab Cancer magister is heavily fished along the nearshore regions of the 

north spit at Coos Bay {Appendix C). We were particularly interested, 

therefore, in evaluating the toxicity of the pulp mill wastes to this 

species. Bioassays were conducted on the 2nd zoeal stage, the megalops 

stage and the first crab stage. 

Ovigerous females of the dungeness crab were allowed to spawn in the 

laboratory and the first zoeal stages were placed, ten each, in 250 ml 

Erlenmeyer flasks containing 200 ml of filtered UV treated sea water. Sea 

--- - - - ---- --~- ---~---



Table g. The effect of pulp mill wastes on attachment in two rocky intertidal organisms. 

Haste 
Organism Sample Description 

No. 

Turban snail 525 Settling bas ·in 
527 Settling basin 
526 Lagoon 
528 Lagoon 

California mussel 525 Settling basin 
531 Settling basin 
526 Lagoon 
532 Lagoon 

# Concentration of pulping wastes, percent by volume 

Temp. 
(oc) 

12.5 
13.2 
12.5 
13.2 

11.0 
11.0 
11.0 
11.0 

48 hr EC50 
{%)# 

10.0 

96 hr EC5o 
{%)# 

4.2 
5.7 
3.9 

10.0 

5.8 
5.4 

>15 .0 
10.0 

N 
w 
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\'later was changed dialy until all zoea had molted to the second zoeal 

stage. Zoea were fed at each water change with freshly hatched Artemia 

larvae. Bioassays on the second zoeal stage involved replacement of sea 

water with various concentrations of pulp mill wastes in sea water fol

l owed by observations of mortalities at 48 and 96 hours. Since no aera

tion was employed in these studies, dissolved oxygen levels were frequently 

as low as 3 mg/1 and this may have contributed to the mortalities observed. 

With settling basin wastes, 48-hr Tl,n•s for second stage zoea were 

greater than 15 percent but 96-hr TLm•s were 4.4 and 5.0 percent in two 

separate experiments (Table 10). Molting occasionally occurred in the 

later stages of bioassays. It is likely that susceptibility to toxins 

would be increased during and immediately after molting due to an increase 

in permeabi lity of the integument, and this may account in part for the 

differences between the 48-hr and 96-hr Tlm•s· The .. mixed waste .. was more 

t oxic than the settling basin waste alone giving 48-hr Tlm's of 8.5 per

cent and 11.5 percent and 96-hr TLm•s of 3.9 percent and less than 2.9 

percent. 

t4e were able to collect large numbers of C. magister megalops larvae 

which were found swarming near the whistle buoy off Coos Bay in early 

June. The larvae were transported to the laboratory in good condition 

and a bioassay attempted. Since large numbers of the megalops had molted 

within the first 24 hours and virtually all had molted by 96 hours, in

terpretation of these results 1s somewhat equivocal. Nevertheless, the 

combination of megalops-first crab was extremely resistant to both settling 

basin and 11mixed waste" (Table 10). The 48-hr and 96-hr TLm•s were greater 

than 15 percent in both experiments. Even after 19~ hours more than 50 

percent of the test animals were alive at the highest concentrations. 

Observations made during the initial 24 hours of the test showed that 



Table 10. ..".cute toxicity of pulping wastes to three stages of the life history of the dungeness crab and to 
the shiner perch. -

Organism 

Dungeness crab 

Zoe a 

Mega lops 

First crab 

Shiner perch 

Waste 
Sample 

No. 

502 
504 
503 
505 

510 
511 

508 
509 

531 
532 

Description 

Settling basin 
Settling basin 
Mix 
t1i X 

Settling basin 
r~i x 

Settling basin 
f.,1i X 

Settling basin 
Lagoon 

# Concentration of pulping wastes, percent by volume 

Temp. 
(OC) 

11.5 
11.5 
11.5 
11.5 

12.5 
12.5 

14.0 
14.0 

13.0 
13.0 

48 hr Tlm 
(%)# 

>15.0 
>15.0 

8.5 
11.5 

>15 .o 
>15.0 

>15.0 
>15.0 

7.1 
12.0 

96 hr Tlm 
(%)# 

4.4 
5.0 
3.9 

<2.9 

> 15 .o 
> 15.0 

>15.0 
> 15.0 

6.3 
6.3 

1'\) 
U1 
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there was a distinct tendency for megalops exposed to the higher waste 

concentrations to molt first. Similarly in bioassays beginning with the 

first crab stage 48 and 96-hr T~·s were greater than 15 percent in both 

settling basin and 11mixed wastes .. {Table 10). In fact, 264-hr Tlm•s 

were greater than 15 percent for both wastes. 

Bioassays were performed on the shiner perch (Cymatogaster aggregata), 

a representative marine teleost. Selection of the shiner perch was based 

on ease of collection rather than on expected exposure to mill wastes since 

it is normally found in estuaries rather than on the open coast. However, 

we have assumed that its response is representative of the surf perches 

and other teleosts of the shallow offshore waters. Young fish used in 

these studies averaged about 6 em in length. Experiments on this species 

were conducted with settling basin and 1 a goon wastes. For the former 

waste the 48 and 96-hr TLm•s were 7.1 percent and 6.3 percent, respec

tively. With lagoon wastes 48 and 96-hr Tlm•s were 12 percent and 6.1 

percent. 

Discussion 

In considering all of the lethality tests, in which the results were 

expressed as 48 or 96-hr TLm•s' a general increase in toxicity was ob

served in the series: 1) lagoon waste, 2) settling basin waste, and 3) 

"mixed waste." This series is based primarily on comparisons of only two 

waste types for each species, but in considering all of the species there 

was sufficient overlap to allow ranking of all three waste types. While 

the differences in toxicity between wastes are not large we feel, never

theless, that the trend is consistent for all species studied. 

The difference in toxicity between settling basin and lagoon waste 

is not particularly surprising since prolonged storage would permit deg

radative reactions to occur. These are likely to be of three major types: 

-----~~ 
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1) bacterial decomposition, 2) flocculation and oredpi tati on, and 3) 

photochemical decomposition. The toxicities of each of the two wastes 

will be a sum of the combined toxicities of initial compounds and degra

dation products and may be further affected by synergistic interactions. 

Where degradation is occurring, however, the anticipated effect would be 

a reduction in toxicity resulting from the degradation of toxic compon

ents to nontoxic products. Such detoxification may be offset to some 

extent in the Menasha lagoon by the concentrating influence of evapora

tive water loss from the lagoon surface. 

An evaluation of the comparative toxicities between settling basin 

and mixed waste would be meaningless without further knowledge of the 

specific composition of each. One of the most obvious differences, how

ever, is pH. Raw Coos Head Timber Company pulp mill wastes have an aver

age pH of 2.0-2.5 whereas the pH of Menasha wastes are closer to neutral

ity (5.5-6.8). The pH differences are not so apparent, however, when 

comparing sea water dilutions of the "mixed wastes'' and settling basin 

wastes:. used in the toxicity bioassays. At concentrations of 15 percent 

waste by ,volume pH differences rarely exceeded 1.0 and usually differed 

by only 0.5. However, an increase in acidity of only one pH unit may in

crease permeability of the integument to a toxicant by several times and 

could have a significant effect on the relative toxicity of the two wastes. 

In contrast to the results obtained in the lethality studies, the 

toxicity of settling basin waste to bivalve larvae appeared to 'be less 

than for lagoon waste.. We have no explanation of this apparent discrep

ancy except to suggest that the toxic components, and hence mode of tox

icity, may differ between bivalve larvae and adults of bivalves and other 

species. 
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Of all the species and life history stages examined in this study 

the bivalve larvae were by far the most sensitive to either the lagoon 

or settling basin wastes. No experiments were conducted on the toxicity 

of .. mixed waste .. to bivalve larvae. The concentration of waste required 

to kill adults of all species was 10 to 200 times greater than that which 

produced abnormal larval development in bivalves. For the latter group 

ECso•s fell within the range of 0.07 to 0.26 percent by volume. Waste 

concentrations toxic to adults ranged from slightly less than 3.0 percent 
--

to greater than 15 percent by volume in 96-hr lethality tests . 

No clear taxonomic relationships were apparent in the lethality bio

assays. Rather, sensitivity to wastes appeared to correlate with the 

ability to exclude toxic componenets of the waste from the body fluids. 

This relationship is especially obvious in the three molluscan species 

examined. In the turban snail and the California mussel, species which 

can withdraw completely into an impervious shell for extended periods of 

time, no mortalities were observed. Razor clams, however, are unable to 

completely close their shells and consequently their soft tissues were 

continually exposed to the bathing medium. This species showed the least 

resistance to mill wastes of any species examined, but it is probable 

that its resistance would be greater when buried in the sand under natu-

ral conditions. 

Crustaceans were generally unaffected by the wastes probably because 

of the efficiency of the chitinous integument as a diffusion barrier to 

toxicants. Those crustaceans which were least resistant, i.e. crab zoea 

and mysid shrimp, have the thinnest integuments of this group. Other 

species having exposed soft tissues were the shiner perch and the purple 

urchin and these were less resistant to the pulp mill wastes than the 

crustaceans and protected molluscs. 
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Susceptibility to toxicants is dependent upon a complex of many fac

tors such as penetration of the integument, penetration of cell membranes, 

intrinsic toxicity, metabolic detoxification and excretion. In acute ex

posures to toxicants, as reflected in our studies, integument penetration 

is probably the most important single factor in determining toxicity. 

However, under chronic exposure conditions other factors will take on a 

much greater significance. 

The use of results from toxicity studies to evaluate .. safe" levels 

of pollutants requires a clear understanding of the limitations of the 

method. While a discussion of these limitations is beyond the scope of 

this report, several important points should be made. As clearly demon

strated in this study not all life history stages of a species have equal 

resistance to toxicants. The existence of critical stages in the life 

history of an organism must be acknowledged as well as the realization 

that we seldom know precisely what that critical stage is. 

In surveying the effect of a toxicant on a large number of species, 

limitations of time usually require that only a single set of environ

menta1 conditions be employed. Most often the conditions chosen repre-

sent a .. normal" exposure regime. It is well known, however, that response 

to a stressor is altered when other factors (e.g. temperature, salinity, 

nutrition) are less than optimum. 

Similar to the "critical life history stage" concept is the concept 

that certain species of a biotic community may be especially critical 

to continued health of the community. A critical species is one which 

is sensitive to a toxicant and on whi:ch a majority of the other species 

directly depend for some essential ecological requirement~ As in our 

choice of life history stage for study, our choice of spe~ies is often 



based more upon convenience or ignorance than on any certain knowledge 

that it is a critical species. 

30 
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BENTHIC SURVEY 

Introduction and Studies Descriptions 

An important part of marine communities is the benthic fauna which 

includes such diverse forms as crabs, shrimp, isopods, amphipods, cuma

ceans, \'lorms, sand dollars, brittle stars, snails and bivalves. These 

organisms comprise part of marine food chains on which organisms such as 

the economically important bottom fishes and crabs depend. 

Benthic organisms are found associated with mud, sand, rock or shell 

bottoms. Each type of substratum has its own characteristic fauna which 

is further modified by temperature, depth, light, wave action and other 

environmental factors. Benthic communities may be highly diversified-

having many species none of which is particularly dominant, or may have 

a low diversity--having few species some of which account for a dispro

portionate number of the total population. Low faunal diversity is gen

erally characteristic of communities exposed to severe physical conditions 

(Saunders, 1968}. In addition to the natural environmental variables 

which may affect community structure, man-made pollution may result in 

significant changes, usually in the direction of low faunal diversity 

(Oglesby, 1967}. 

A limited sampling program was undertaken which provided some in

sight into the nature of the benthic macrofauna in the vicinity of the 

proposed outfall site. The benthic fauna was sampled with a 0.05 M2 

Shipek dredge and on one cruise samples were taken with a beam trawl. 

Dredge samples were taken from 10 fathoms at the outfall site and 

one mile south of the outfall site on June 30, 1970 and at the outfall 

site on July 16, 1970. During a later cruise on August 27 and 28, 1970, 

bottom samples were collected at the outfall site and north, south and 
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east of the outfall site on transects up to 1,000 yards long. Beam trawl 

samples were collected on August 28, 1970 by taking 15-minute tows at 2.5-

9.5 fathom depths. 

The identification of benthic invertebrates, particularly the ben

thic infauna, should be considered tentative until confirmed by taxonomic 

experts. 

Methods 

Sand samples from the Shipek dredge were brought aboard and immedi

ately sieved through Tyler screens having a l.Omm mesh opening. Shell 

and organisms retained in the screen were transferred directly to jars 

containing 5 percent formalin in sea water and the preserved samples were 

later sorted in the laboratory. Specimens obtained in the beam trawl 

were either preserved in 5 percent formalin in sea water for later enum

eration in the laboratory or were identified, counted and then discarded 

from the research vessel as in the case of large sand dollars. Small 

jelly fish which v1ere captured in large numbers by the beam trawl were 

discarded. 

Stations were located with loran and through radio communication 

with surveyors on shore. The exact location at the time of sampling was 

determined and recorded by the surveyors. Periodic measurements of oxy

gen, salinity, temperature and currents are reported elsewhere (Cornell, 

Howland, Hayes and Merryfield, Predesign study----, 1970). 

Results 

Benthic macroorganisms collected with the Shipek dredge on the Aug

ust 27-28, 1970 cruise are tabulated in Table 11. Four 0.05 M2 samples 

were taken at each of 17 stations ranging from the outfall site to 1,000 

- - - -----~ ~-- - --
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Table 11 . Benthic samples collected on August 27-28, 1970 

Station . 

Vl z 
-tc Vl Vl -o z z 0 
Vl a 0 0 z 0 0 0 

Organism 0 0 0 0 0 0 0 0 
LO N LO ,.... LO N LO ,.... 

NEMERTEANS 4# 1 3 2 

ANNELIDS 
Spionidae 2 1 
Spiophanes 34 22 6 23 7 2 6 10 
Haeloscolo2los 4 5 2 10 11 3 1 5 
Mage1ona 2 7 3 1 4 1 
Goniadidae 1 1 
Nepht~s 1 6 4 1 2 6 1 3 
Si ga h oni dae 1 
Sthene1ais 1 2 1 1 4 1 
Opheliidae 
Cirratulidae 2 6 2 8 4 8 5 
Miscellaneous 

CRUSTACEANS 
Pagurus 1 1 1 1 1 ·1 
Cancer 1 1 1 2 2 3 
Archaeomysis 2 2 1 
Diastylopsis 1 1 2 1 3 1 
Cumacean 1 1 
Haustoriidae 1 2 6 2 3 1 9 2 
Phoxocepha1idae 3 1 9 2 4 2 1 
Oedicerotidae 2 
Lysianassidae 
Misc. gammarids 1 

~~OLLUSCS 
Lame11ibranchs 1 
01 ive11a ffila 3 2 11 10 1 1 2 
Olivella b1p -~ata 2 1 
Nassar1us fossatus 1 1 1 1 
Nassarius sp. ' --

ECHINODER~1S 
Dendraster excentricus 1 1 
Amphiodia occidentalis 1 
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Table 11. Benthic samples collected on August 27-28, 1970. (Continued) 

Station 

r-
r-
10 LLJ 
It- LLJ LLJ LLJ LLJ LLJ LLJ 0 
~ LLJ 0 0 0 0 0 0 0 

Organism ::3 0 0 0 0 I.(') 0 0 0 
0 I.(') ,_ N M c:T U) (X) ,_ 

NEMERTEANS 1 l 2 1 1 l 1 

ANNELIDS 
Spionidae 1 2 26 12 191 
Spiophanes 31 38 17 15 9 
RaElosco1oElos 8 4 5 6 4 1 3 
Mage1ona 1 7 3 l 2 
Goniadidae 2 1 1 2 2 
Nepht,ys 11 2 4 5 2 3 7 5 
Sigal1onidae 
Sthene1ais 1 1 2 1 2 
Ooheliidae 1 1 
cirratu1idae 7 2 5 1 
m see 11 aneous 

CRUSTACEANS 
Pagurus 2 2 
Cancer 1 2 
Archaeomysis 1 5 2 1 1 2 2 1 
Diastylopsis 1 1 
Cumacean 1 
Haustoriidae 4 1 2 3 4 2 30 23 
Phoxocephalidae 2 1 3 3 14 
Oedicerotidae 3 
Lysianassidae 6 1 
Misc. gammarids 1 1 1 1 

MOLLUSCS 
Lamellibranchs 
Olivel1a ~ 8 8 6 8 4 2 
Qiivella bip 1cata 5 4 2 1 4 
Nassarius fossatus 1 1 1 1 
Nassar1us sp. 

ECHINODERMS 
Dendraster excentricus 1 12 4 
Amphiodia occidentalis 2 

* Numerals indicate distance in yards from outfall site and letter specifies north 
south or east transect. 
# Tabulations for each group or species are the sum of four 0.05mf samples at each 
station. Tabulations for each sample are given in Appendix A, Tablesq~.aR~ exa&~ 
le&a~hR ef ea&l:l &aAiple is sl:t a.·R i R ~i ~wra • 
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yards north, south and east of the outfall. The north-south transects 

were parallel to the shoreline with station depths averaging 9-10 fathoms. 

The east transect was perpendicular to the shoreline and extended from 

10 to ·2.5 fathoms. The distribution of several of the prominent species, 

in particular the olive snails, was irregular at the deeper stations, but 

most forms were usually represented in a regular manner, e.g. Spiophanes, 

Haploscoloplos, Nephtys, Cirratulidae, Haustoriidae. By contrast, the 

east-west transect (E stations) clearly illustrates the expected faunal 

changes associated with depth. The spionids found predominantly at 9-10 

fathoms disappear at the shallow stations and are replaced by a second 

species of the same family. Similarly Haploscoloplos, Magelona, Cirratuli

dae and Olivella pycna show a distinct preference for the deeper waters 

while Olivella biplicata was more numerous in shallow waters and the 

Phoxocephalidae were most often encountered at intermediate depths. Rep

resentatives of the Haustoriidae were found at all depths but were most 

numerous in shallow water. 

In two earlier cruises, samples (15 per station) were taken at the 
• outfall site and on one cruise at a station one mile south of the outfall 

(1760S) at 10 fathoms {Appendix A, Tables 1-3). There were no striking 

differences between the outfall site and 17605. Olivella eycna was a 

prominent member of the fauna at both stations and on both dates at the 

outfall station. The southern station differed principally in having a 

larger percentage by number of Haploscoloplos, numerous oedicerotid amphi

pods and an abundance of small sand dollars. The sand dollars are known 

to have an aggregated distribution and this is probably true for many of 

the other species which were alternately found in large or small numbers, 

e.g. Oedicerotidae, Nassarius fossatus, etc. Little difference was noted 
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numerous in shallow water. 

In two earl ier cruises, samples (15 per station) were taken at the 
• outfall site and on one cruise at a stati on one mile south of the outfall 

(1 7605) at 10 fathoms (Appendix A, Tables 1-3). There were no striking 

differences between the outfall site and 17605. Olivella pycna was a 

prominent member of the fauna at both stations and on both dates at the 

outfall station. The southern station differed principally in having a 

larger percentage by number of Haploscoloplos, numerous oedicerotid amphi

pods and an abundance of small sand dollars. The sand dollars are known 

to have an aggregated distribution and this is probably true for many of 

the other species which were alternately found in large or small numbers, 

e.g. Oedicerotidae, Nassarius fossatus, etc. little difference was noted 
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between the samples collected at the outfall station on June 30, 1970 

and July 16, 1970. However, population levels of many of the species were 

lower on each of these dates than when later collections were made on 

August 27-28, 1970. This is especially true for Spiophanes which was the 

dominant species at 10 fathoms in the August collections. 

In order to assess the faunal diversity we have ranked the organisms 

collected at 9-10 fathoms on August 27-28, 1970 in order of their numeri

cal abundance (Table 12). On that date Sp1ophanes was three times as 

abundant as the second most co~on species. However, the other dominant 

taxa differ in numerical abundance by only small amounts. Interpretation 

of this ranking must take into account that several of the taxonomic list

ings are at the familial level or higher and, as in the Phoxocephalidae 

and Haustoriidae, may represent more than one species. 

On August 28, 1970 a series of six 15-minute trawls were made with a 

beam trawl--157cm X 44cm opening--to provide a qualitative or semi

quantitative estimate of the larger organisms present at depths between 

2.5 and 9.5 fathoms. Invertebrates collected in these hauls are tabulated 

in Table 13. The shrimp, Crago stylirostris was clearly the most abun

dant species at all depths. Hermit crabs were most abundant in deep water 

and decreased to low levels in shallower water. Other species were 

characterized by 11 patchy11 distributions. 

Ten species of fish were obtained in the trawls, five of which were 

flatfishes (Table 14). The Pacific sanddab (Citharichthys sordidus) and 

the sand sole (Psettichthys melanostictus) were the most abundant fish 

and represented 85 percent of the total number of fish caught. Since the 

beam trawl is a very inefficient device for catching fish, these data 

should only be used in a qualitative sense. 

The mean particle diameter of sands taken from the outfall site 
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Table 12. Relative abundance of benthic organisms at ten fathoms off Coos Bay 
based on collections taken on August 27, 1970 and August 28, 1970. 

Organisms 

Spiophanes 
Haploscoloplos 
Cirratulidae 
Olivella pxcna 
Nephtys 
H,aus tori i dae 
Phoxocephalidae 
~1agel on a 
Nemerteans 
Sthenelais 
Cancer 
D1astylopsis 
Pagurus 
Archaeomysis 
Nassarius fossatus 
Goniadidae 
Spionidae 
Olive11a biplicata 
Cumacean 
Oedicerotidae 
Dendraster excentricus 
Sigalionidae 
Misc. ga!111larids 
Lame11ibranchs 
Amph i odi a occi denta.1 i s 

Total number 
of organisms 

141 
49 
42 
38 
35 
30 
24 
19 
11 
11 
11 

9 
6 
6 
5 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 

457 

Percent of 
total fauna 

30.8 
10 .7 
9.2 
8.3 
7.6 
6.6 
5.2 
4.2 
2.4 
2.4 
2.4 
2.0 
1.3 
1.3 
1.1 
0.9 
0.6 
0.6 
0.4 
0.4 
0.4 
0.2 
0.2 
0.2 
0.2 

99.6 

Rank by 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Tablel3. Invertebrate species collected by beam trawl on August 28, 1970 

Depth (Fathoms) 
Organism 2.5 4.0 5.5 6.5 7.0 9.5 

Crustaceans 
Pagurus 9 1 10 33 120 166 
Crago stylirostris 204 223 598 604 328 681 
~ franciscorum 5 2 10 
rago sp. 1 

Cancer magister 1* 7 8 3 
Mvsid 11 140 61 121 
Aty1idae:Amphipoda 41 5 
Isopod a 1 

Mol luscs 
Olivella ~ 13 6 19 5 6 
Olivella ip icata 15 6 51 17 1 
Nassarius fossatus 15 15 J 

Echinoderms 
Dendraster excentricus 2 1 9 
Pisaster 6rev1s~inus 1 

* Adult crab. All others juvenile crab stages. 



Table 14. Fish species collected by beam trawl on August 28, 1970 

Depth {Fathoms) 

2.5 4.0 5.5 6.5 7.0 9.5 
Organism < lOcm* >lOcm <lOcm >lOcm <10cm >lOcm <10cm >lOcm <lOcm >lOcm <10cm >lOcm 

(Eulachon) 
Thaleichthys eacificus 3 3 

(Pacific tomcod) 
Microgadus proximus 1 1 1 

(Pacific sanddab) 
Citharichthls sordidus 1 10 1 186 3 74 1 45 14 

(Sand sole) 
Psettichthls melanostictus 10 24 5 5 5 59 2 20 1 5 11 

(English sole) 
Paroehrls vetulus 5 15 5 2 

(Butter sole) 
Isopsetta isoleesis 1 1 1 2 

(Starry flounder) 
Platichthls stellatus 1 1 

(Black Rockfish) 
Sebastodes melanoes 2 1 27 

(Staghorn sculpin) 
Leptocottus armatus 3 1 2 2 1 

(Warty poacher) 
Occa verrucosa 1 1 

w 
\0 



and station 17605 located one mile south of the outfall site were 0.18 

and 0.2lmm respectively on June 30, 1970. 

Discussion 
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D~ring the summer of 1970, collections of the benthic fauna, west of 

the north spit at Coos Bay and approximately five miles north of the north 

jetty, were made on three different sampling trips. Many of the collec

tions were made at 9-10 fathoms for a distance of one mile south to 1,000 

yards north of the proposed outfall site. Benthic forms were sampled with 

a beam trawl at depths ranging from 2.5-9.5 fathoms on August 28, 1970. 

While a greater sampling effort would be required to adequately describe 

the benthic fauna in the outfall area, the following conclusions seem jus

tified: 1) that faunal characteristics at 9-10 fathoms are probably simi

lar for at least one mile north and south of the outfall, 2) that differ

ences in faunal characteristics can be expected as a function of depth, 

and 3) that normal fluctuations in relative abundance of organisms can be 

anticipated. 

These results suggest that any future monitoring program to sample 

the benthos along the 10 fathom line north and south of the outfall, in

cluding stations immediately adjacent to the outfall, would provide valu

able information on the effects of the wastes as it appears that it would 

include collections of a homogenous fauna exposed to both high and low 

concentrations of pulping wastes. However, additional sampling will be 

required to assess seasonal and annual fluctuations in benthic populations. 

DeMartini {personal communication) has regularly observed seasonal and 

annual fluctuations in a similar benthic community in northern California. 

Evaluation of the effects of pulping wastes on the benthos would be in

complete if it did not take into account such fluctuations. 
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A study of the intertidal sand beach fauna was undertaken to provide 

background information on the types and relative abundance of organisms 

found in that habitat north of the Coos Bay entrance. By comparison with 

similar data from later surveys these data could be used in subsequent 

years to provide an assessment of any effects of the discharged wastes on 

the animal community. For such a comparison to be valid, however, later 

surveys should be restricted to summer months and an assessment of natural 

year to year fluctuations of animal abundance would be required. These 

data were also useful in suggesting which animals would be appropriate for 

use in the bioassay studies, decisions which were based in part on the 

relative abundance and ease of collection of organisms and their expected 

degree of exposure to the mill wastes. 

From January 30, 1967 to February 10, 1967 and again from January 14, 

1969 to February 28, 1969 pulp mill wastes were pumped from the Menasha 

lagoon onto the beach at the lagoon's northwest corner. During the latter 

period, discharge was at the rate of 9.0 million gallons per day and pro

duced severe beach erosion. Since one of our transects (Transect 2) was 

located on the discharge site, an opportunity to evaluate the success of 

reestablishment of the beach fauna after 15-18 months was presented. 

From late June through mid August, 1970 the intertidal zone of the 

beach was sampled at six locations that were spaced over a total distance 

of eight miles. At each location samples were taken at regular i'ntervals 

along a transect perpendicular to the beach. The location of these six 

transects on the north spit is shown in Figure 1. Transect 2 is located 

on a line running offshore from ~he northwest corner of the 270-acre 
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Figure 1. Location of beach transects near Coos Bay, Oregon. 
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seepage lagoon and is the probable location of the pipeline for the ocean 

outfall. Transects 1 and 3 are located one mile south and north respec

tively of transect 2 while transect 4 is three miles south. Transects 5 

and 6 are located two and five miles north of transect 2, respectively. 

As in the benthic study, taxonomic identifications have not been con

firmed by experts and should be considered tentative. 

Methods 

Core samples were taken along the transect at measured intervals from 

the base of the foredune to the waterline within one hour of the time of 

the low-low tide for the day of sampling. The sampling interval was every 

five meters except for the upper 30-50 meters \'lhich were usually sampled 

at 10 meter intervals. At each sample station five lOcm diameter cores 

20cm deep were taken with the cores being distributed along a line paral

lel to the beach for a distance of about 2 meters. The five cores were 

pooled and the sand was sieved through Tyler screens having a l.Omm mesh 

opening to remove the entrapped organisms. No attempt was made to recover 

organisms passing through the l.Omm screen. Organisms retained by the 

screen were transferred to jars containing 5 percent formalin in sea water. 

When large quantities of broken shell were retained in the screen, the 

entire contents were preserved and later sorted in the laboratory. 

Results 

Habitat Description. In general, beach topography \'las characterized 

by a gentle, more or less uniform, slope from the foredunes to the surf 

zone at low tide (-2 to -3 feet) over a distance of about 120 to 190 

meters. At the higher beach levels the surface often had a wavy contour 

with troughs seldom exceeding 0.3 meters. 
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Topographic variations which were encountered were essentially of 

two types: In one of these the upper half of the beach formed a high 

level plateau or "berm" from which the beach sloped steeply into the surf. 

The surf zone was generally within 100-130 meters of the foredunes on such 

beaches. The character of the beach at transect 5 on August 22, 1970 

illustrates this pattern. Measurements taken between 1100 and 1200 hours 

--low tide was at 1030 hours and \o.Jas +0.2 feet--showed that the beach 

sloped moderately from the foredune to 30 meters, was level to 60 meters, 

sloped steeply to 70 meters and was followed by a gradual decrease in slope 

as the surf was approached at about 100 meters. 

The beach topography at transect 3 was characterized by a berm form 

throughout the sampling period. At transect 5, however, the berm de

scribed above developed between August 19, 1970 and August 22, 1970 indi

cating the essential instability of the beach. On a previous occasion, in 

early August, we observed the formation of a berm over a period of two 

weeks in an area located several hundred meters north of transect 2. 

The second major topographic variation was confined to the lower 

beach and was characterized by the presence of small to medium sized lagoons 

usually connected at their southern ends with the surf. Frequently only 

shallow remnants or initial stages of such laqoons were observed. A well 

developed lagoon was well over 3 meters in depth, 50-75 meters wide and 

100-150 meters long on the north-south axis. Frequently ground water was 

observed seeping into such areas, especi a 1 ly those which \'lere character

ized by numerous small ponds rather than a single large lagoon. None of 

the transects traversed one of these beach depressions although transect 

2 was only about 50 to 100 meters south of a moderately sized lagoon which 

persisted from May until late July. 
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The median sand grain size of several of the transects is summarized 

in Table 15. At all locations sand was of a medium to coarse size and 

tended to increase in coarseness as the surf zone was approached. Very 

little difference was noted between transects. In the low tide zone, 

cores yielded considerable quantities of broken shell often approaching 

15-20 percent by volume of the entire core. 

Temperatures were recorded only on August 22, 1970 for transect 5 

which at that time was characterized with the berm topoqraphy. Tempera

tures obtained just below the surface and at lOcm depths are noted in Fig

ure 2. Overcast conditions prevailed throughout the morning until after 

the temperatures were recorded. 

Moisture content of the sand is indicated for four transects in 

Table 16. Cores, lOcm deep, were taken at the time of low tide on the 

dates indicated and stored in sealed jars for transport to the laboratory. 

At each transect moisture increased gradually to about 3-5 percent by 

weight and then went essentially to saturation (about 20 percent by weight) 

in the remaining cores. The abrupt increase in water content of the sand 

may reflect the point on the sloping beach at which the water table reaches 

the surface. 

Faunal Composition. A total of 337 stations consisting of five cores 

each were sampled from the six transects during the period from June 23, 

1970 to August 19, 1970. The sampled area was equivalent to 13.2 M2 and 

contained a total of 7,235 macroscopic invertebrates. A detailed tabula

tion of the date collected and place of collection of all specimens is 

provided in Appendix B. These data are summarized in Tables 17 and 18. 

The most abundant organism encountered was the isopod Exocirolana 

linguifrons followed by the mysid shrimp, Archaeomysis grebnitzkii, a 

spionid worm and an amphipod (Dogielinotidae) .decreasing in abundance in 



Table 15. Mean sand grain size of top ten em of beach sand in relation to 
distance from foredune. 

Transect 
Distance 

from 1 2 3 5 
foredune 
(meters) July 7 July 7 July 7 Aug. 22 

20 0.30# 0.29 0.34 0.35 
40 0.28 0.33 0.47 0.38 
60 0.37 0.34 0.47 0.39 
80 0.42 0.41 0.40* 0.38 

100 0.44 0.41 0.45* 
120 0.47 0.42 
140 0.42* 0.36 
160 0.32 
180 0.32* 

# Diameter in millimeters 

* Surf zone at time of collection + one hour of lO\'J tide 
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/ 
Table 16. l~oisture content of top 10 centimeters of beach sand. 

Distance Transect 
from 

foredune 1 2 3 5 
(meters) July 7 July 7 July 7 Aug. 22 

20 1.2# 0.7 0.8 0.6 
40 4.1 1.7 0.6 2.9 
60 3.1 3.7 3.5 
80 3.7 3.2 4.2 16.2 

100 9.1 5.3 17.5* 18 .1* 
120 14.5 19.4 
140 20.8* 19.5 
160 20.4 
180 21.7* 

# Moisture expressed as percent by weight 

* Samples obtained in surf and saturated with moisture 



Table 17. Distribution of organisms by transect and sampling date 

Transect number and sampling date 

Organism 1 2 3 4 5 6 
Jun Jul Jul Jun Jul Jul Aug Aug Jun Jul Jul Aug Aug Aug Aug 

23 7 20 23 7 20 3 18 23 7 20 3 18 19 19 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 270 165 173 111 236 276 605 577 90 22 99 334 288 408 199 
Allon1scus perconvexus 1 2 1 1 1 10 

Amphipods 
Orchestoidea ca11forniana 1 4 ' 1 1 1 6 
Orchestoidea columbiana 2 1 2 3 1 2 1 1 4 3 13 
Orchestoidea benedicti 1 1 2 2 3 2 
Raustor1idae 1 1 13 4 2 
Dogie1inotidae 15 19 3 2 55 15 173 67 29 1 
Phoxocephalidae 1 2 1 2 47 4 1 

Others 
Emerita ana1oga 3 5 1 2 2 2 1 3 4 3 5 1 
Archaeomysis grebnitzkii 1 84 652 11 1 166 116 137 5 47 23 150 75 106 

ANNELIDS 
Nephtys californiensis 4 4 4 3 5 8 4 3 2 1 8 7 3 1 
Euzonus mucronata 1 1 
Euzonus williamsi 1 19 2 1 1 3 12 17 
Spionidae 6 55 125 9 15 223 263 142 1 14 82 48 107 7 
Glyceridae ,, 3 7 8 1 

OTHERS 
Coleoptera {adult & larval) 2 1 3 1 1 2 1 1 1 

~ 
\0 
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that order (Table 18). These four species accounted for 95.4 percent by 

number of the organisms which were collected. 

A specific objective of the beach survey was to determine whether sig

nificant faunal variations occurred north and south of transect 2 or whether 

t he entire beach from approximately the north jetty to Tenmile Creek could 

be considered as a homogeneous assemblage of animals. Comparisons made 

between transects support the latter conclusion. Thus with minor excep

tions--which could be attributed to habitat variation--most of the organ

isms encountered were present in all of the study areas in approximately 

the same relative abundance (Table 17). Variations at different sampling 

times within a transect were as great as those occurring between transects. 

Furthermore, the four most abundant species were never less than 89.8 per

cent of the total fauna by number. 

Transect 3 was the most obvious variant, with respect to fauna, in 

that no dogielinotids and very few spionids were encountered. The remain

ing forms were also less numerous, but the relative proportions were sim

ilar to those found in other transects. These faunal differences prob

ably directly reflect the aberrant beach topography previously noted at 

t his location. Since beach topography is unstable it seems probable that 

the fauna at transect 3 is only temporarily different than that of con

tiguous sections. 

Variations in abundance of individuals of a species within a tran

sect as a function of sampling date may be attributable to normal seasonal 

variation or to aggregated distributions along a line parallel with the 

beach. Alternatively, very narrow bands of some species, such as Euzonus, 

may fall between sample stations and be overlooked. The available data 

are insufficient to allow meaningful evaluations of these possibilities. 
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While the talitrid amphipods, Orchestoidea californiana, 0. benedicti 

and 0. ,columbiana, are not heavily represented in the core samples their 

presence was obvious, especially on the mornings of August 18 and 19. On 

those dates more than usual amounts of plant debris were seen on the upper 

beach, and associated with the drift were enormous numbers of beach hop

pers, probably primarily 0. columbiana and 0. benedicti. Their relative 

absence in the core samples is attributable to their great mobility on the 

surface as well as their extremely aggregated distribution. Individuals of 

0. californiana were more evenly distributed but since their density was 

low, they were usually not encountered in the cores. Their burrows were 

obvious, however, and \</hen dug usually yi e 1 ded an occupant. On August 19, 

1970 the 0. californiana zone was about 45-50 meters below the foredunes 

at transect 5 and 30-35 meters below the foredunes at transect 6. At both 

locations the density of burrows was approximately 3-6 per square meter 

on a line running parallel to the shore in the center of their tidal dis

tribution. 

In May, 1970 large numbers of sand shrimp (Crago sp.) were encount

ered near transect 2 in sma 11 \'later-filled depressions at the 1 ow to mid

tide level. Because of their highly aggregated distribution, however, 

none of the shrimp were obtained in core samples or even observed on days 

when core samples were taken. 

The most obvious characteristic of the beach fauna was its division 

into distinct zones running parallel to the surf line. The approximate 

position of these zones for the four most abundant species is shown in 

Figure 3 which is a composite of all the organisms from the six transects. 

A well defined zone of E. linguifrons occurs at mid-tide level. Directly 

below the isopod zone is a sharp band of dogielinotid amphipods follm'led 
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by a broader band of spionid polychaetes. The mysid shrimps occur fur

thest down the beach in the surf zone. While not noted in Figure 3, the 

talitrid amphipods were above the isopods at 30-50 meters from the fore

dunes as previously noted. Zonation is well known in intertidal beach 

communities (Pearse, et .!J.., 1942) and the pattern observed here is char

acteristic of exposed beaches of cooler temperate climates in the north

ern hemisphere (Dahl, 1952). 

Discussion 

The sand beaches on the ocean side of the north spit at Coos Bay ex

tending to Tenmile Creek, are characterized by a fauna typical of exposed 

open beaches in the cooler temperate regions. Such beaches have few spe

cies of which some are disproportionately more abundant than the others. 

This condition of low diversity is characteristic of communities in habi

tats where severe physical environmental factors limit population numbers. 

The most abundant organism on these beaches was the cirolanid isopod 

E. 1 i ngui frons which during the 1 ow tides was found within a fe\'J centi

meters of the sand surface in the mid-tide level. This carnivorous spe

cies is active during the high tide periods when it feeds on both dead 

and living animals in the surf {Dahl, 1952). 

Of the various amphipods encountered in the beach fauna some, such 

as the talitrids, feed primarily on decaying sea weed and other larqe 

particulate matter (BO\'Iers, 1964) while others in the low intertidal areas 

are more likely to feed on the interstitial flora and fauna or to filter 

detritus particles from the water (Dahl, 1952; Croker, 1967). Presumably 

the intertidal polychaetes are primarily detritus feeders, although the 

morphology of Nephtys californiensis indicates that it may be predatory. 
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As previously noted, approximately 390 million qallons of Menasha 

lagoon wastes were discharged directly onto the upper portion of the beach 

at transect 2 during January and February, 1969. Since this activity 

probably resulted in destruction of habitat and exposure of inhabitants 

to toxicants, it seems certain that the intertidal beach communities were 

influenced in the vicinity of transect 2 and for an undetermined distance 

north and south of that transect. However, we were unable, at any time 

during our survey, to detect any differences in the fauna at transect 2 

from those of other transects studied that could be attributed to the 1969 

waste discharge. 
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SPORT AND COMMERCIAL FISHING 

Introduction and Studies Description 

Concern for the benthic and beach faunas is largely motivated by a 

growing unwillingness to damage the natural ecological relationships which 

comprise our environment and is based primarily on esthetic values and to 

some extent on fear of causing irreversible changes to the global ecosystem. 

To Coos Bay area communities concern could be anticipated if the proposed 

ocean outfall adversely affected sport or commercial fishing activities. 

Such affects could have a significant economic impact on local residents 

and businesses. 

Our objectives in studying sport and commercial fishing activities 

were limited to the identification of the major offshore fishing activi

ties in the Coos Bay area and estimating the geographic limits of those 

activi"ties. Implicit in this approach was the assumption that damage to 

fisheries would be restricted to the area immediately adjacent to the out

fall site and conversely that fishing activities centered more than a few 

miles distant from the outfall would not likely suffer adverse affects. 

Objections to this approach are that economically important species may 

at some other stage in their life history utilize the nearshore area near 

the proposed outfall or that organisms which have a significant food web 

relationship to the economic species may be adversely affected by the out

fall. While these two possibilities are acknowledged, their analysis is 

beyond the scope of the present study. 

Methods 

The survey of sport and commercial fishing activities was largely 

accomplished through interviews with Coos Bay area fishermen, other Coos 

Bay residents and biologists of the Oregon State Fish and Game Commissions. 
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Results and Discussion 

Sport Fishing: Sport fishing activities in the ocean near Coos Bay 

are diversified and fairly extensive. According to Ed Schwartz, Oregon 

State Game Commission biologist for sport fisheries in Coos Bay, one of 

the major sport fishing activities is salmon angling. The average number 

of angler trips for the period 1957-1969 was 30,202 per year while the 

average catch per year was 21,639. Of these about 90 percent are coho 

salmon and most of the rest are chinooks. Charter boats made 1,822 trips 

with 10,994 anglers, while private pleasure craft made 8,230 trips with 

23,101 anglers during the 1969 season (Schwartz, 1970). Salmon angling 

by sport fishermen occurs primarily in an area reaching from one mile 

south of the Coos Bay entrance to two to three miles north and up to five 

miles offshore and occurs from about May 1 to September 15 (Schwartz, 

personal communication, Appendix C). 

Additional angling for nongame species such as flounder, sole, black 

rockfish and lingcod are primarily inside the bay or along the rocky 

shoreline south of the bay entrance. Many of the larger boats go out 

after albacore tuna in August and early September, but this fishing is 

restricted to waters further than 25 miles offshore (Schwartz, personal 

communication, Appendix C). 

The sandy beach from the north jetty at Coos Bay to Winchester Bay 

is reportedly a good surf fishing area for the redtail surf perch 

(Amphistichus rhodoterus) (Schwartz, personal communication, Appendix C; 

McGie--Al McGie, biologist, Oregon State Fish Commission--personal com

munication). Fishing occurs throughout the year but is heaviest during 

winter and spring months. This area has only recently been made acces

sible by the opening of Horsefall Road, and it is expected that surf 
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fishing will increase in the area as it becomes better known {McGie, per

sonal communication). During our beach sampling program we observed very 

few surf fishermen. Because of the limited access, most surf fishing on 

this beach will continue to be restricted to the Horsefall Road area and 

to the beach immediately south of the entrance to Winchester Bay. 

There do not appear to be significant numbers of razor clams in the 

surf along the north spit and adjacent to the Menasha lagoon. In our sur

vey we did not find a single razor clam within one mile north and south 

of the northwest corner of the lagoon. Demory {Darrel Demory, biologist, 

Shellfish Investigations, Oregon State Fish Commission--personal communi

cation, Appendix C) surveyed the beach from the Coos Bay north jetty to 

five miles north of the jetty on July 19, 1970 and found only 15 clams, 

all within one mile of the jetty. According to Demory digging was re

ported in the north spit area in the early 1950's. 

Some razor clams may be found in the sublittoral zone all along the 

north spit since crab fishermen have occasionally reported finding them 

in crab pots from the area {~1cGie, personal communication). Finnell 

{Bernard Finnell, North Bend Municipal Water District~-personal communi

cation) indicated that interest was shown in developing a commercial 

razor clam fishery in the late 1940's by exploiting sublittoral beds 

along the north spit beach. During May, 1970 we found large numbers of 

razor clam shells on the beach--as well as shells of typical bay species-

but no shells or live razor clams were encountered in our benthic samples. 

Commercial Fishing: The significant commercia:l fisheries in the 

ocean near Coos Bay fall into four categories: 1) Dungeness crab, 2) 

salmon, 3) shrimp and 4) groundfish. 

In contrast to the other commercial fishing activities crab fishing 
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for Dungeness crab occurs primarily in the shallow nearshore waters. 

Based on interviews with commercial fishermen and crab processors in the 

Coos Bay area, Heikkila (Paul Heikkila, Fisheries Extension Agent, Coop- . 

erative Extension Service, Oregon State University--personal communication, 

Appendix C) found that "the area between the Coos Bay north jetty and the 

mouth of Tenmile Creek is one of the major crab fishing areas for Coos Bay 

fishermen." When crabs are abundant more than half of the local fisher

men fish this area with up to 3,000-4,000 crab pots. Heaviest fishing 

pressure occurs from spring through summer at depths under 10 fathoms. 

However, during our benthic sampling cruises we observed very few crab 

pots except within one or two miles north of the Coos Bay north jetty. 

A large number of boats based in the Coos Bay area troll on a commer

cial basis for salmon (Heikkila, personal communication; McGie, personal 

communication). Heikkila estimates that as many as 200 boats may be en

gaged primarily in this fishing activity. Many of these are small day 

boats but a majority are the larger trip boats. Salmon trolling by com

mercial fishermen is usually beyond the 40 fathom contour and the fishing 

range of local fishermen may be many miles north and south of the bay en

trance. 

According to Oregon Fish Commission records (James Meehan, Project 

Leader, Shrimp and Groundfish Investigations, Oregon Fish Commission-

personal communication) nearly half of Oregon's annual shrimp (Pandalus 

jordani) harvest is taken between Cape Blanco and Cape Perpetua with the 

majority of fishermen landing at Coos Bay. In 1970 this region will pro

duce an estimated 4 million pounds of shrimp. Fishing is from the bottom 

with otter trawls and is located primarily at 50 to 80 fathom depths. 

Significant fisheries for flatfish and rockfish are also centered at 

Coos Bay (t1eehan, personal communication). Flatfish harvested are largely 
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dover sole (Microstomus pacificus}, 3 million pounds per year, and petrale 

sole (Eopsetta jordani}, 300,000 pounds per year. Three species of rock

fish, the ye 11 0\AJtai 1 ( Sebas todes fl a vi dus} , the orange ( Sebas todes pi nni ger} 

and the Pacific Ocean perch ( Sebas todf~S a 1 utus} together comprise a 2 mil

lion pound per year harvest. Fishing for these species is largely re

stricted to deeper offshore waters ranging from 30-70 fathoms in the sum

mer to 250-350 fathoms for the dover sole in winter. 
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SUMMARY 

A series of studies were conducted to assist in appraisal of any 

biological effects of the proposed ocean outfall for pulp mill wastes at 

Coos Bay, Oregon. These studies included determinations of the toxicity 

of mill wastes to selected marine organisms, a survey of the benth i c and 

beach faunas in the vicinity of the proposed outfall, and a survey of 

important sport and commercial fishing activities in the area. 

Two methods of toxicity determination were employed. Adult organisms 

of various species and juvenile stages of the oungeness crab (Cancer 

magister) were studied with acute toxicity bioassays in which the results 

are expressed as median tolerance limits (Tlm) for 48 and 96 hours of ex

posure. The median tolerance limit is the concentration of a toxicant in 

the water that permits survival of only 50 percent of the test organisms 

in the specified period of time. A second method was utilized for determin

ing toxicity to bivalve larvae. Fertilized eggs of these species were ex

posed to a series of waste concentrations, and after 48 hours the percent

age of abnormal larvae developing at each concentration of waste was de

termined. A concentration--determined by interpolation--resulting in 

abnormal development of 50 percent of the larvae in 48 hours (ECso) is 

used to express toxicity in these studies. 

The following species were used in toxicity studies: razor clam 

(Sil igua patula), adults and embryos; amphipod (unidentified gammarid); 

isopod (Exocirolana chiltoni); isopod (Exocirolana lin~uifrons); mysid 

shrimp (Archaeomysis grebnitzkii); turban snail (Tegula funebralis); 

California mussel (Mytilus californianus); purple urchin (Strongylocentrotus 

purpuratus}; Dungeness crab (Cancer magister), 2nd zoeal stage, megalops 

stage, 1st crab stage; shiner perch (Cymatogaster aggregata); littleneck 

clam embryos (Protothaca staminea); and bay mussel embryos (Mytilus edulis}. 
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Of the species and life history stages studied, bivalve larvae were 

by far the most sensitive forms. ECso•s for larvae of the bivalves tested 

ranged from 0.07 to 0.26 percent waste in 48 hours for both Menasha set

tling basin and lagoon wastes. Differences between species and waste type 

were minor, although lagoon waste appeared slightly more toxic to bay mus

sel larvae than settling basin wastes. 

Adult organisms and crab juvenile stages were considerably more re

sistant than bivalve larvae to all forms of the waste. In these species 

a trend toward increasing toxicity was observed in the order: lagoon 

waste, settling basin waste, and 11mixed waste ... With only two exceptions 

--adult razor clam and shiner perch--96-hr Tlm•s for lagoon wastes were 

in excess of 15 percent by volume. In the case of Menasha settling basin 

wastes, the majority of tests yielded TLm values greater than 15 percent 

but some were lower. In particular, razor clams, Dungeness crab zoea, 

and shiner perch showed highest sensitivity to settling basin wastes. In 

two tests, 96-hr Tlm•s for razor clams exposed to settling basin wastes 

were less than 2.9 percent. Although we did not test lower concentrations, 

it is doubtful that the 96-hr Tlm for razor clams are much below 2.9 per

cent since 48-hr Tlm•s averaged 4.5 percent. 

The 11mixed \oJaste 11 was most toxic of the three wastes tested. Although 

Dungeness crab megalops and lst crab stages were highly resistant to this 

waste mixture, other species and crab zoea extibited a low Tlm. The Tlm•s 

for the mixed wastes were only 50 to 75 percent of those of the settling 

basin wastes, when various species were compared. 

A limited sampling program yielded some insight into the nature of 

the benthic macrofauna at the outfall site. Benthic samples were taken 

with a 0.05 M2 Shipek dredge on June 30, 1970, at the outfall location (10 

fathoms) and one mile south of the outfall at 10 fathoms, on July 16, 1970, 
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at the outfall location, and on August 27-28, 1970, at the outfall loca

tion and along transects extending north, south, and east from the out

fall. 

In the initial samples the most numerous organisms were olive snails, 

Olivella pycna, and a polychaete, Haploscoloplos sp. In late August, how

ever, a spionid worm was three times as abundant as the next most coi'TITion 

organism at the 9-10 fathom depths. 

For the August 27-28 collections, 25 taxonomic categories were ranked 

according to numeri ca 1 abundance. The seven most abundant taxa ( '> 5 per

cent of total fauna) were Spiophanes, Haploscoloplos, Cirratulidae, 

Olivella pycna, Nephtys, Haustoriidae and Phoxocephalidae; these comprised 

a total of 78.4 percent by number of the macrofauna. 

In addition to the bottom grab samples, · six hauls were made on 

August 28, 1970 with a beam trawl~-157cm X 44cm opening--at depths rang

ing from 2.5-9.5 fathoms. Among invertebrates collected in this manner 

were significant numbers of hermit crabs, sand shrimp, Dungeness crabs, 

amphipods, olive snails, the snail Nassarius fossatus, and sand dollars. 

The hermit crabs were scarce in shallow water but were very abundant at 

the deeper stations. The sand shrimp were predominantly Crago stylirostris 

which was extremely abundant at all depths and constituted 58-93 percent 

by number of the invertebrates collected at each station. The distribu

tion of other groups and species were more or less patchy, although the 

three snail species were largely at 6.5-7.0 fathoms. 

Ten species of fish were caught in the six trawls. Five of these 

were flatfish of which the most numerous, the Pacific sanddab (Citharichthys 

sordidus) and the sand sole (Psettichthys melanostictus) constituted 59 

and 26 percent respectively of the total number of all ten species. Other 

flatfish were the English sole (Parophrys vetulus), the butter sole 
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(Isopsetta isolepsis) and the starry flounder (flatichthys stellatus). 

The remaining five species were the Eulachon (Thaleichthys pacificus), 

the Pacific tomcod (Microgadus proximus), the black rockfish (Sebastodes 

melanopes), the staghorn sculpin (Leptocottus armatus) and the warty 

poacher (Occa verrucosa). 

Although a greater sampling effort would be required to adequately 

describe the benthic fauna in the outfall area, the following conclusions 

seem justified: 1) that faunal characteristics at 9-10 fathoms are prob

ably similar for at least one mile north and south of the outfall, 2) 

that differences in faunal characteristics can be expected as a function 

of depth and 3) that normal fluctuations in relative abundance of organ

isms can be anticipated. 

Between June 23, 1970, and August 19, 1970, at approximately two

week intervals, the sandy beaches in the vicinity of the waste outfall 

were sampled to identify and determine the distribution and abundance of 

organisms in that habitat. Transects running perpendicular to the beach 

from the hi gh to low tide zone were sampled at regular intervals (usually 

fi ve meters) by tak i ng five lOcm diameter cores. Six transects were 

sampled, the southernmost being three miles south and the northernmost 

five miles north of the outfall location. Comparisons between transects 

failed to reveal any faunal differences that could not be accounted for 

by local habitat variations. Furthermore, with the possible exception 

of the mysid shrimp (Archaeomysis grebnitzkii} and the spionid worms, 

there were no notable variations in numbers of animals collected at dif

ferent times during the period of study, although seasonal variations un

doubtedly occur to some extent. 

The most abundant organisms found were the mid-tide isopod, Exocirolana 
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linguifrons, Archaeomysis grebnitzkii, a spionid worm, and a gammarid 

amphipod. These four species accounted for 95.4 percent by number of all 

the organisms found in the core samples and were never less than 89.8 per

cent of the total fauna collected from a single transect. The sand beaches 

over the entire area studied are considered, therefore, to harbor a homog

eneous assemblage of animals with only minor local variations caused by 

habitat differences. 

Sport fishing activities in the ocean near Coos Bay are diversified 

and fairly extensive. Salmon angling occurs from one mile south to two 

or three miles north of the entrance to Coos Bay and up to five miles off

shore. Additional angling for species such as flounder, sole, black rock

fish, and lingcod are primarily inside the bay or along the rocky shore

line south of the bay entrance. Surf fishing for perch is reportedly 

good to excellent along the sandy beach north of the Bay entrance and 

occurs primarily during the winter months. Very little surf fishing activ

ity, however, was observed during the current study. Albacore tuna fish

ing is 25 to 50 miles offshore. 

Razor clams were only found up to one mile north of the north jetty 

and were not particularly abundant. Clam digging in this area is re

portedly sporadic at present probably because of the limited access to 

this area and the lack of good razor clam habitat. 

Commercial fishing activities in the nearshore area north of the Bay 

entrance appear to be restricted primarily to the Dungeness crab resource 

which, however, may be very extensive. During peak seasons, up to 3,000-

4,000 crab pots may be found out to 10 fathom depths between the Coos 

Bay north jetty and the mouth of Tenmile Creek. This area is thus con

sidered to be one of the prime crab fishing areas for Coos Bay fishermen, 
• 



the greatest activity occurring during spring and summer. We observed 

very few crab pots, however, during our benthic sampling cruises, ex

cept within one or two miles north of the jetty. 
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Extensive commercial fisheries also exist for salmon, shrimp, flat

f i sh and rockfish but these are primarily in deeper offshore waters. 
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Tabulation of Benthic Fauna 
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Table 1. June 30, 1970; Outfall Station. 

Outfall* 
Organism 1# 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

NEMERTEANS 1 - 1 - - - - -
ANNELIDS 

Spionidae - - - - - - - -
Spiophanes - - 1 - - -
Raploscolop1os 1 - - - 1 1 2 1 1 1 
Magelona - - - - 1 1 1 
Goniadidae - - - - - -
Nephtys 2 - 1 1 2 
Sigalionidae - - - - - - - -
Sthenelais - - 1 
Opheliidae - - - - - -
Cirratu1idae - - - 1 1 
~~;see 11 aneous - - - -

CRUSTACEANS 
Pagurus - 4 - - 1 1 
Cancer - 1 1 - - -
Archaeomysis - - - - - -
Diastylopsis 1 - - - 1 1 
Cumacean - - - - - - - -
Haustoriidae 2 1 - 1 - - - - 1 
Phoxocepha1idae - 1 1 - - 2 - 1 1 1 
Oedicerotidae 1 1 1 
Lysianassidae - - - - - -
Misc. ganmarids - - - - - - - -

MOLLUSCS 
Lame1libranchs - - - -
01ive11a ~ 1 6 - 8 1 2 1 1 6 7 1 1 5 
Olivella 1p icata - - 1 - - - - - 1 1 3 
Nassarius fossatus 1 - - - - - 7 1 1 
Nassar1us sp. 

ECHINODERMS 
Dendraster excentricus - - - - - 1 
Amphiodia occidentalis - - - - - - - - 1 1 

* Station 
# Sample 
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Table 2. June 30, 1970; Station 1760S. 

1760S* 
Organism 1# 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

N~MERTEANS - - - - - - - -
ANNELIDS 

Spionidae - - - - - -
Spiophanes - - - - 1 1 
RaQloscoloQlos 1 - - - 1 1 2 1 2 4 1 1 
Magelona - - 1 1 1 2 2 
Goniadidae - - - - - - - -
NeQht~s 1 - 1 - 1 - - - - 1 2 
Sigal1onidae 
Sthenelais - - - - - - 1 
Opheliidae - 1 - - - -
Cirratulidae - - - - - - - -
Miscellaneous - - - -

CRUSTACEANS 
Pagurus - 1 - - - - - - 1 1 
Cancer - 2 1 - - - 1 1 
Archaeomysis - - - - 1 
Di astyl OQSi S - - - -
Cumacean - - - - - - - -
Haustoriidae - - 2 1 1 1 
Phoxocephalidae - - - 1 
Oedicerotidae - 2 2 - 1 - 8 -
Lys i anassidae - 1 - - - - 1 
Misc . gammarids - - - - - -

MOLLUSCS 
Lamel libranchs 
Olivella ~ 2 3 - 1 1 1 - 2 3 2 1 1 1 2 
Olivella lQ 1cata - - - - - - - -
Nassarius fossatus - - 1 - - -
Nassar1us sp. 1 

ECHINODERMS 
Dendraster excentricus - 4 2 1 - 1 1 1 2 1 3 4 
Amphiodia occidentalis - 1 1 - - - 1 1 1 

* Station, in yards north, south or east of the outfall s1 te. 
# Sample 
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Table 3. July 16, 1970; Outfall Station. 

Outfall* 
Organism 1# 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

NEMERTEANS 

ANNELIDS 
Spionidae 
Spiophanes 
Haploscoloplos 
Magelona 
Goniadidae 
Nepht~s 
Sigal1onidae 
Sthenelais 
Opheli idae 
Cirratulidae 
Miscellaneous 

CRUSTACEANS 
Pagurus 
Cancer 
Archaeomysis 
Diastylopsis 
Cumacean 
Haustoriidae 
Phoxocephalidae 
Oedicerotidae 
Lysianassidae 
~·1i sc. garrrnari ds 

MOLLUSCS 
Lamellibranchs 
Olivella ~ 
Olivella 51~-cata 
Nassar1us fossatus 
Nassarius sp. 

ECHINODERMS 

2 

Dendraster excentricus -
Amphiodia occidentalis -

* Station 
# Sample 

- - 1 - - 1 
- 1 - 1 
1 - - - - 1 - - -

- , - - 1 

- - 1 1 -

- - 3 - 1 
1 1 - 1 1 

- 1 
- 1 

2 - 8 -

5 5 3 -
4 1 

1 - 1 1 

1 
2 

1 

1 

1 1 

1 

1 

1 

2 

1 

7 

1 

1 
1 

1 

1 

1 

1 

1 3 

1 

2 
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Table 4. August 27, 1970; Outfall Station and East Transect. 

Outfall* 50E 100E 
Organism 1# 2 3 4 1 2 3 4 1 2 3 

NEMERTEANS 1 1 - - - 1 1 

ANNELIDS 
Spionidae - - - 1 - - -
Spiophanes 18 7 4 2 1 8 20 9 6 5 4 
Haploscoloplos 3 1 1 3 1 1 2 - 1 2 1 
Magelona 1 - - - 5 2 2 - 1 
Goniadidae 1 1 - 1 - - - -
Nepht~s 4 1 1 5 - 2 1 - 1 
Sigal1onidae - - -
Sthenelais - - 1 1 - 1 - 1 
Opheliidae - - -
Cirratulidae 3 3 1 1 1 1 - 3 
~1i s cell aneous - - - - - - -

CRUSTACEANS 
Pagurus - - - -
Cancer l - - - -
11:rchaeom~sis - 1 - - 3 - 2 2 -
Diastylopsis - - - - - 1 
Cumacean - - -
Haustoriidae 1 1 - 2 - 1 - - 1 
Phoxocepha1idae l 1 
Oedicerotidae - - - - - -
Lysianassidae - - -
Misc. gamma rids - - - - 1 - - -

MOLLUSCS 
Lamellibranchs - - - - - - - - - -
01 i ve 11 a pycna 3 1 - 4 6 2 2 3 -
Ol ivella biplicata - - -
Nassarius fossatus 1 - 1 
Nassarius sp. - - - - - -

ECHINODERMS 
Dendraster excentricus - - - - - 1 - - -
Amphiodia occidentalis - - - - 1 1 

* Station, in yards north, south or east of the outfall site. 
# Sample 
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200E 300E 
4 1 2 3 4 1 2 3 

- - - 1 - - -

- 2 - - -
2 1 5 6 3 - - -
1 1 3 1 1 3 - 1 
- - - - 1 l - 1 
- 1 - - - 1 
2 l 3 1 - 1 

- - - - - - -
- - - -

- - - - - - -
1 l - - - -

- - -

2 - - - 2 - - -
2 - - - -

- 1 - - -
- l 

- - -
l 2 - l - 1 - 2 

1 - - - - 3 -
- - - -

- - -- - 1 -

- - - -
1 - 8 - 3 -

- 5 -
l - 1 

- - - - - - - -

- - - - - - - -
- - -
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Table 4. August 27, 1970; Outfall Station and East Transect (Continued). 

450E* 600E SOOE lOOOE 
Organism 1# 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

NEMERTEANS - - - - - - 1 - - 1 - - - - -
ANNELIDS 

Spionidae - - - - 1 19 6 2 1 5 4 3 1 5 182 
SEiOEhanes - - - - - - - - - - -
RaEloscoloElos - - - 1 - - - 2 1 - - - -
Magelona - - - - - - - - - - - - - - -
Goniaa1cfae - - - - - - - 1 1 
NeEhtys - - - 1 2 1 - 4 2 2 - 3 -
Sigalionidae - - - - - - - - - - -
Sthenelais 2 - - - - - - -
Ophe1i idae 1 1 - - - - - - -
Cirratu1idae - - - - - - - - - - - - - - -
r~; see 11 aneous - - - - - - - - - - - - - - -

CRUSTACEANS 
Pagurus - - -
Cancer - - - - - - -
Archaeomysis - - - - - - 2 - - 1 1 - - - 1 
D1astylopsis - - - - - - -
Cumacean 1 - - - - - - - - - - -
Haustoriidae - - ,- - 2 10 10 9 1 4 16 2 1 
Phoxocepha1idae 3 - - - 7 5 1 1 
Oedicerotidae - - - 1 2 - - - -
Lysianassidae - - - 6 - - - - - - - - - 1 -
Misc. gamma rids - - - - - 1 - - - - - 1 -

MOLLUSCS 
Lame1libranchs - - - - - - -
Olivella ~ 2 - - - - - - - - - - -
Olivell.a 1p 1cata 4 - - - 2 - - - 1 - - - 3 1 
Nassanus fossatus - - - - - - - - - - -
Nassar1us sp. - - - - - - -

ECHINODERMS 
Dendraster excentricus 2 10 - 2 2 - - - - - - - - -
AmEhiodia occidentalis - - - - - - - - - - - -

* Station, in yards north, south or east of the outfall site. 
# Sample 
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Table 5. August 27! 1970; South Transect. 

50S* 200S 50 0S lOOOS 
Organism 1# 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

NEMERTEANS - 2 2 - - - - - - - - - - - 1 

ANNELIDS 
Spionidae - 2 - - - - - 1 - - - - - - -
Spiophanes 7 - 4 23 1 18 3 - 1 1 4 - 12 3 4 4 
HaploscoloQ1os - - 4 - 2 3 - 1 - 1 - 4 1 3 2 
rv1age 1 on a - 2 - 2 3 2 - 1 1 - 1 1 - - -
Goniadidae - 1 - - 1 
Nephtys - 1 - - 4 2 - - 3 - 1 1 -
Sigalionidae - - - - - - - - - - - - 1 
Sthenelais - 1 - - - 2 - - - - 1 
Ophel iidae - - - - - - -
Cirratulidae 1 - 1 - 2 4 - 2 1 - 5 2 
Miscellaneous - - - - - - - - - - -

CRUSTACEANS 
Pagurus - 1 - 1 - - - - 1 
Cancer 1 - 1 - 1 
Archaeomysis - - - - 2 1 1 
Diastylopsis 1 1 - 1 1 
Cumacean 1 - - 1 -
Haustoriidae 1 - 2 - - 1 5 2 -
Phoxocephalidae - 1 2 - 1 - 1 5 3 - 2 
Oedicerotidae - - - - - - - - - - - - - 1 1 
Lysianassidae - - - - - - -
Misc. ga11111arids - - 1 - - - - - - - - - - - -

MOLLUSCS 
Lamellibranchs - - - - - - - 1 - - -
Olivella ~ 1 - 2 - 1 1 - - - - 11 - 1 7 2 
Olivella bip 1cata - - - - - - - - - - 2 - 1 
Nassarius fossatus 1 - - - - - - - - 1 - - - -
Nassar1us sp. - - - - - - -

ECHINODERMS 
Dendraster excentricus - - - - 1 -
Ampniod1a occidenta11s - - - - - - - - - - - - - - - -

* Station, 
# Sample 

in yards north, south or east of the outfall site. 



Table 6. August 28, 1970; North Transect. 

Organism 

NEMERTEANS 

ANNELIDS 
Spionidae 
Spiophanes 
Haploscoloplos 
Magelona 
Goniadidae 
Nephtys 
Sigalionidae 
Sthenelais 
Opheliidae 
Cirratulidae 
t~i s ce 11 aneous 

CRUSTACEANS 
Pagurus 
Cancer 
Archaeomysis 
Diastylopsis 
Cumacean 
Haustoriidae 
Phoxocepha1idae 
Oedicerotidae 
Lysianassidae 
r~i sc. gammari ds 

MOLLU SCS 
Lame 11 i branchs 
01 i ve 11 a s~cna 
Olivella1plicata 
Nassar1us fossatus 
Nassarius sp. 

ECHINODERMS 
Dendraster excentricus 
Amphiodia ocddentaHs 

SON* 200N 

1# 2 3 4 1 2 3 4 

3 
1 

1 

2 

1 
1 

-
-

- - -
1 - 3 
1 4 s 
2 2 -- - -
- - 1 
- - -
- - 1 
- - -- 1 3 
- - -

1 .. -
1 

- 1 1 
- 1 2 

- - -
- - -
- - -
- - -- - -

- - -
- - -

- - - -
1 1 

- 1 1 1 - 1 

- 2 2 2 
- - - -

2 3 - 3 
- - - ... 

1 - - -
1 1 

- 2 - 1 

- 1 

- - - -
- - 1 -
1 - - -
- - - -

- 1 
- -

SOON 

1 2 3 4 

3 - - -

- - - -
4 - 2 -

1 -

- - 1 -

3 1 

1 - - -

2 3 4 -
2 -

- - - -
- 1 

- - - -

- - - -
- - - -

* Statio~ in yards north, south or east of the outfall site. 
# Sample 

lOOON 

1 2 3 4 

2 -

2 3 2 3 
- 2 2 1 
- - - -

1 - 2 -
- - - -

- 1 
- - - -
2 - - 3 

- - 1 -
1 - 2 -

- - - 1 

1 - 1 -
- - - 1 

1 - 1 -
- 1 
- - - -

- - - -
- 1 

75 
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APPENDIX B 

Tabulation of Sand Beach Fauna 



Table 1. June 23, 1970; Transect 1. 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exociro1ana 1inguifrons 57 198 13 2 
A11oniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 1 11 
Phoxocepha1idae 

Others 
Emerita ana1oga 
Archae~ysis grebnitzkii 1 

ANNELIDS 
Nephtys ·ca1iforniensis 
Euzonus mucronata -'-

Euzonus williamsi 1 
Spionidae 1 1 
G1yceridae 

OTHERS 
Coleoptera (adult & larval) 2 

......, 

......, 



Table 1. June 23, 1970; Transect 1 (Continued). 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californfana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotfdae 2 
Phoxocephalfdae 

Others 
Emerita analoga 3 
Archaeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

1 2 

4 

1 

1 

1 

1 

........ 
(X) 



Table 2. June 23 , 1970; Transect 2. 

ORGANISM 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedict1 
Haustor11dae 
Dogielinotidae 
Phoxocepha11dae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus wi111amsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDONE (METERS) 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

108 3 

1 

2 
1 

4 



Table 2. June 23 , 1970; Transect 2 (Continued). 

ORGANISM 

CRUSTACEANS 
I so pods 

Exocirolana linguifrons 
~11 Q_ni scus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchesto1dea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus w1111amsi 
Sp1onidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

100 105 11 0 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

1 
2 

1 

2 

4 6 

1 1 

1 

()) 
0 



Table 3. June 23, 1970; Transect 3. 

ORGANISM 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

10 72 4 2 

1 



Table 3. June 23, 1970; Transect 3 (Continued}. 

DISTANCE FROM BASE OF -FOREDUNE (METERS) 

ORGANISM 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 2 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogie ltnoti dae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera {adult & larval) 

4 1 

1 

co 
N 



Table 4. July 7, 1970; Transect 1. 

ORGANISt1 5 10 15 20 25 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Aaustoriidae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera {adult & larval) 

DISTANCE FROM BASE OF FOREQUNE {METERS) 

30 35 40 45 50 55 60 65 70 75 

1 32 12 13 40 63 

1 
2 

1 

80 85 

2 1 

3 3 

1 

2 1 
3 

90 

1 

1 

7 
13 

95 

1 

9 
1 

CX) 
w 



Table 4. July 7, 1970; Transect 1 (Conti nued). 

DISTANCE FROM FOREDUNE {METERS) 

ORGANISM 100 105 110 11 5 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
· Isopods 

Exociro1ana 1inguifrons 
Alloniscus perconvexus 

Amphipods . 
Orchestoidea ca1iforniana 
Orchestoidea coluiribiana 
Orchestoidea benedicti 
Aaustoridae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archaeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
G1yceridae 

OTHERS 
Coleoptera {adult & larval) 

1 

1 
1 

1 1 

15 9 7 

1 

1 
1 9 1 

1 

3 1 
1 6 65 12 

1 2 4 

1 



Table 5. July 7, 1970; Transect 2. 

DISTANCE FROM BASE OF FOREDUNE {METERS) 

ORGANI9·1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
lsopods 

Exocirolana linguifrons 1 8 3 161 38 7 15 2 1 
Atloniscus perconvexus 

Amphipods 
Orchestoidea californiana 1 
Orchestoidea columbiana 1 1 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 2 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 

2 1 

~uzonus wi11iams1 
Spionidae 3 1 3 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 1 



Table 5. July 7, 1970; Transect 2 (Continued) . 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus oerconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haus tori dae, 
Dogie1inotidae 
Phoxocephalidae 1 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 

1 

Coleoptera (adult & larval) --

1 

1 
3 3 

1 

1 

1 
1 

1 

00 
0'1 



Table 6. July 7, 1970; Transect 3. 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
A11oniscus perconvexus 

2 2 1 13 4 

Amphipods 
Orchestoidea californiana 1 --
Orchestoidea columbiana 1 _L 
Orchestoidea benedicti 
Haustoriidae 
Doqielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 1 
ArchaeomYsis grebnitzkii 47 

ANNELIDS 
Nephtys californiensis 2 
Euzonus mucronata 
Euzonus williamsi 1 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 1 



Table 6. July 7, 1970; Transect 3 (Continued). 

DISTANCE FROM BASE OF FOREDUNE (METERS} 

ORGANISM 100 1 05 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 
Alloniscus perconvexus 

Amohipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogie1inotidae 
Phoxocepha1idae 

Others 
Emerita analoga 
Archaeomysis grebnitzkii 

J'.NNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 11 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval} 

co 
co 



Table 7. July 20, 1970; Transect 1 . 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 9 2 8 4 2 42 102 1 1 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 4 
Orchestoidea columbiana 
Orchestoidea benedicti 1 
Aaustoriidae 
Dogielinotidae 

· Phoxocepha 1 i dae 

Others 
Emerita analoga 1 
Archaeomysis grebnitzkii 1 

ANNELIDS 
NeEht~s californiensis 
Euzonus mucronata 
Euzonus williamsi 1 
Spionidae 1 9 17 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 1 2 



Table 7. July 20, 1970; Transect 1 (Continued). 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

2 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocephalidae 1 

Others 
Emerita ahaloga 
Archaeomysis grebnitzkii 1 1 3 33 41 79 155 48 240 50 

ANNELIDS 
Nephtys californiensis 2 1 1 
Euzonus mucronata 
Euzonus williamsi 1 
Spionidae 14 15 7 24 11 6 1 5 2 13 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

1.0 
0 



Table 8. July 20, 1970; Transect 2. 

ORGANISM 5 10 15 20 25 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogie1inotidae 
Phoxocephalidae 

Others 
Emerita ana1oga 
Archaeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

-OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (r,1ETERS) 

30 35 40 45 50 55 60 65 

1 2 1 1 1 

2 1 

1 

1 

70 75 80 85 

65 98 66 24 

90 

10 

2 

4 

95 

1 

3 

1.0 -



.. 

Table 8. July 20, 1970; Transect 2 (Conti nued). 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISr~ 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 

CRUSTACEANS 
Isopods 

Exocirolana 1inguifrons 3 1 1 1 
Alloniscus perconvexus 

Amphipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 
Haustoriidae 3 1 1 3 3 2 
Dogie1inotidae 
Phoxocepha1idae 1 1 2 l 1 1 1 1 9 10 19 

Others 
Emerita ana1oga 1 1 
Archaeomysis grebnitzkii 3 9 6 6 3 8 2 47 11 11 30 14 13 1 2 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 

1 1 1 1 2 1 1 

Euzonus williamsi 2 1 
Spionidae 5 4 100 20 3 53 7 1 3 4 1 3 4 2 3 2 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 



Table 9. July 20, 1970; Transect 3. 

ORGANISM 5 10 15 20 25 

CRUSTACEANS 
I so pods 

Exocirolana linguifrons 
A11oniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 1 
Aaustoriidae 
Dogielinotidae 
Phoxocephalidae 1 

Others 
Emerita an,a 1 oga 
Archaeomysis grebnitzkii 

ANNELIDS 
Ne2htys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

30 35 40 45 50 55 60 65 

1 2 1 1 
1 

1 

1 

1 

70 75 80 85 

12 72 8 2 

1 

90 

1 
2 

2 

95 

2 
12 

1 

1.0 
w 



Table 9. July 20, 1970; Transect 3 (Continued). 

ORGANIS~1 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxoce-pha 1 i dae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & -larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

5 3 

1 

6 5 



Table 10. August 3, 1970; Transect 2. 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 1 6 62 41 216 243 26 8 2 
Alloniscus perconvexus 1 

Arnphipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 14 35 4 
Phoxocephalidae 

Others 
Emerita analoga 1 
Archeomysis grebnitzkii 

ANNELIDS 
NeEhtxs californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 1 5 7 10 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 



----~-

Table 10. August 3, 1970; Transect 2 (Continued). 

ORGANISM 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoridae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

2 

1 
20 51 45 

1 1 1 1 

2 26 107 11 53 17 11 9 4 



Table 11. August 3, 1970; Transect 4. 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exociro1ana 1inguifrons 
Alloniscus perconvexus 

26 35 5 231 31 5 1 

Amphipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 1 
Orchestoidea benedicti 2 
Haustoridae 2 
Dogie1inotidae 15 13 99 9 31 
Phoxocepha1idae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

1 

-ANNELIDS 
Ne~htls californiensis 
Euzonus mucronata 
Euzonus williamsi 16 
Spionidae 3 44 17 5 
G1yceridae 

OTHERS 
Coleoptera {adult & larval} 



Table 11. August 3, 1970; Transect 4 (Continued) . 

DISTANCE FRO~ BASE OF FOREDUNE (METERS) 

ORGANISt4 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoridae 
Dogielinotidae 5 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

2 
4 

1 

1 2 

2 

1 
1 

1 

1 

1 1 

1 

1 

1 
1 

135 

1 

3 
2 

2 

1 11 3 

1 1 

1 2 



Table 12. August 18, 1970; Transect 2. 

DISTANCE FROM BASE OF FOREOUNE (METERS) 

ORGANISM 5 10 15 20 25 30 35 40 45 50 55 . 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 1 4 261 259 43 3 6 
Alloniscus perconvexus 2 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 1 
Orchestoidea benedicti 
Haustor1dae 
Dogielinotidae 1 4 10 
Phoxocepha1i dae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 1 

ANNELIDS 
Nepht~s californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 18 36 27 13 9 
Glyceridae 2 

OTHERS 
Coleoptera (adult & larval) 1 1 



Table 12. August 18, 1970; Transect 2 (Continued) . 

ORGANISM 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestofdea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocepha1idae 

Others 
Emerita analoga 
Archeomysfs grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

1 

1 1 

2 5 26 2 

1 1 

12 104 19 

1 

2 

2 

2 
1 

~ 

a a 



Table 13. August 18, 1970; Transect 4. 

DISTANCE FROM BASE OF FOREDUNE (~1ETERS) 

ORGANISt~ 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 10 125 107 29 13 3 1 
Alloniscus perconvexus 1 

Amphipods 
Orchestoidea californiana 2 1 3 
Orchestoidea columbiana 3 1 
Orchestoidea benedicti 2 1 
Haustoridae 
Dogielinotidae 1 1 1 5 26 18 
Phoxocepha1idae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 8 6 5 17 
Glyceridae 2 

OTHERS 
Coleoptera (adult & larval) 

-0 -
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Table 13. August 18, 1970; Transect 4 (Continued). 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANIS~1 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoridae 
Dogie1inot1dae 10 2 2 1 
Phoxocephal1dae 

Others 
Emerita analoga 1 1 1 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 1 2 1 1 1 1 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 8 1 1 1 1 
G1yceridae 2 1 3 

OTHERS 
Coleoptera (adult & larval) 

...J 

0 
N 



Table 14. August 19 , 1970; Transect 5. 

ORGANISM 5 10 15 20 25 

CRUSTACEANS 
Isopods 

Exociro1ana linguifrons 
Allonfscus perconvexus 

1 

Amphipods 
Orchestoidea ca1iforniana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

30 35 40 45 50 55 60 65 70 

2 1 31 3 68 

1 1 1 
2 

1 

75 80 

20 3 

1 

3 3 

85 

1 

27 

5 

78 

90 

15 

95 

_. 
0 
w 



Table 14. August 19, 1970; Transect 5 (Continued). 

ORGANISt·1 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoridae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) 

DISTANCE FROM BASE OF FOREDUNE (METERS} 

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 

1 

3 

1 

3 
1 

7 33 33 

1 

2 3 

..... 
0 
~ 



Table 15. August 19, 1970; Transect 6. 

ORGANIS~1 5 10 15 20 25 

CRUSTACEANS 
Isopods 

Exocirolana linguifrons 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoriidae 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomysis grebnitzkii 

ANNELIDS 
Nephtys californiensis 
Euzonus mucronata 
Euzonus williamsi 
Spionidae 
Glyceridae 

OTHERS 
Coleoptera {adult & larval) 

DISTANCE FROM BASE OF FOREDUNE {METERS) 

30 35 40 45 50 55 60 65 

1 1 1 1 
7 3 

1 3 1 3 

1 

70 75 80 

161 25 

5 

1 

85 90 

6 

1 

95 

1 
1 

1 

_, 
0 
U1 



' 

Table 15 . Au gust 19 , 1970 ; Transect 6 (Continued ) . 

DISTANCE FROM BASE OF FOREDUNE (METERS) 

ORGANISt·1 100 105 110 11 5 120 125 130 135 140 145 150 155 160 170 175 180 

CRUSTACEANS 
Isopods 

2 Exocirolana linguifrons 1 
Alloniscus perconvexus 

Amphipods 
Orchestoidea californiana 
Orchestoidea columbiana 
Orchestoidea benedicti 
Haustoridae 2 
Dogielinotidae 
Phoxocephalidae 

Others 
Emerita analoga 
Archeomxsis grebnitzkii 1 4 97 3 

ANNELIDS 
Nephtys californiensis 1 
Euzonus mucronata 
Euzonus wi11iamsi 
Spionidae 1 3 2 
Glyceridae 

OTHERS 
Coleoptera (adult & larval) --

_, 
0 m 
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APPENDIX C 

Letters Documenting Sport and Commercial Fishing Activities 



MEMO 

OREGON STATE GAME COMMISSION 

To: Mr. Richard s. Caldwell 
Newport, Oregon 

Date: September 1 O, 1970 

From: Ed Schwartz 

Subject: 

North Bend, Oregon 

The Coos Bay offshore area provides considerable sport fishtng 
activity throughout a major portion of the year. The excellent bar and 
good boat facilities at Charleston make the Coos Bay offshore area an 
important segment of the _Oregon coastal sport fishery. 

Offshore sport salmon angling occurs from about May 1 to September 15. 
An annual average of about 30,000 angler trips catch about 21,000 salmon 
per year. This catch consists of about 1,800 chinook and 19,000 coho 
salmon. The majority of the angling occurs in an area reaching from 1 mile 
south of the Coos Bay entrance to 2 to 3 miles north and up to 5 miles 
offshore. 

Non-game marine species are numerous in the area. Species such as 
flounder, sole, black rockfish, lingcod, etc. are taken by anglers inside 
the bay entrance and along the rocky shoreline located primarily south of 
the entrance. 

Albacore tuna usually come within 25 to 50 miles of Coos Bay. Numerous 
of the larger sport boats do go out after the albacore in August and early 
September. 

The sandy beach area extending from the Coos Ba7 bar northward to 
Winchester Bay provides some good to excel~ent surf perch angling. This · 
sport occurs generally year-around but most importantly, during the winter 
when other fisheries are slow. 

I hope this is the information which you desired. If I may be of 
further assistance, please feel free to contact me. 

108 



FISH COMMISSION 
INTRA- DEPARTMENT MEMORANDUM,a 

OATE: July 23, 1970 

To: Willy Breese 

FROM: Darre 11 Demory 

SUBJECT: Razor Clam Potential on Coos Bay north spit 

Razor clam digging on the north spit of Coos Bay from the north jetty 
to the Siltcoos River is sporadic and marginal at present. Digging 
was reported from this area in the early 1950's and I am aware of 
some digging during the past 9 years. 

I checked the area from the north jetty to a point 5 miles north 
July 19, 1970. Fifteen clams ranging in size from 2-5 inches were 
dug within one mile of the jetty. 

Although digging in this area is sporadic a potential fishery does 
exist. 

DEMORY: lj 

'';\ -u:~ L~ .. :)a~ / 



COOPERATIVE EXTENSION SERVICE 
OREGON STATE UNIVERSITY 

Mr. Richard S. Caldwell 
Marine Science Center 
Marine Science Drive 
Newport, Oregon 97365 

Dear Richard: 

August 25, 1970 

COURTHOUSE 

110 

COQUILLE, OREGON 97!423 
Phone 396-3121 

I posed your question concerning the amount of commercial crab fishing 
in the area of the proposed ocean outfall from Menasha Corp. to a number 
of people; including the three major crab processors in the Coos Bay area 
and eight commercial fishermen. 

As a result of these interviews a number of things became apparent. 

Commercial crab fishermen, for various reasons, rarely keep records of 
catch by area or time. Thus, qualifying their information such as catch/ 
unit effort or unit of time is extremely difficult if not impossible. 

Therefore, any information presented is based on the experience and memory 
of the fishermen. 

But through these interviews one point was very apparent. The area be
tween the Coos Bay north jetty and the mouth of Tenmile Creek is one of 
the major crab fishing areas for Coos Bay fishermen. The three processors 
interviewed indicated that at least half of the boats that fish for them, 
fish this area, and when crabs are plentiful, the percentage is even higher. 
Thus, when crabs are abundant there are probably 3000 to 4000 pots in the 
area. 

Also the area is fished heavily during late season. Beginning in March, 
crab fishermen begin moving their pots, close to shore (10 fathoms or less), 
and the area in question is one of the prime shallow water fishing areas. 
In fact, the only three boats fishing crabs this summer (1970) are fisQing 
the area. 

Therefore, two points are apparent: One, the area between the north jetty 
of Coos Bay and the mouth of Tenmile Creek is prime commercial crab fishing 
grounds. And two, during the late season (summer) the majority of crabs 
landed in Coos Bay are taken from this area. 

AGRICULTURE, HOME ECONOMICS. AND 4-H CLUB WORK 

OREGON STATE UNIVERSITY, U. B •. DEPARTMENT OF AGRICULTURE, AND COOS COUNTY, COOPERATING 
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I hope this letter gives you some insite into the commercial crab 
fishing effort. 

Paul Heikkila 
Fisheries Extension Agent 

PH/png 

cc: Bill Wick 

111 




