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Parasites as Indicators ot • English Sole 
(Parophrys vetulus) Nursery Grounds 

ROBERT E. OLSON AND IVAN PRATT 

Department of Zoology, Oregon State University, Marine Science Center, 
Newport, Oregon 97365 

ABSTRACT 

Juvenile English sole (Parophrys vetulus) utilize Yaquina Bay, Oregon as a nursery during 
at least a portion of their first year of life, but the possibility of the existence of additional 
nursery grounds offshore has not previously been examined. During 1971, young-of-the-year first 
appeared in Yaquina Bay in February, were abundant from April to September, and most emi- 
grated to offshore areas in October. 

Examination of English sole, collected both in the estuary and offshore, revealed certain para- 
sites that appeared to be acquired by the fish only while in the estuary. The acamhocephalan 
Echinorhynchus lageniformis proved useful in determining the extent of estuarine utilization. 
The incidence of infection in bay fish before emigration (29.9%) was similar to the incidence 
in 0-group English sole collected offshore after emigration (28.5%). This result suggests that 
there was little or no influx of young from other than estuarine nursery grounds to the offshore 
study area and that on the Oregon coast, estuaries are very likely the exclusive nursery grounds 
for this species. Other parasites were not useful in determining the extent of estuarine utilization, 
but two, the nematode Philometra americana and a microsporidan Glugea sp., were considered 
to be indicators of residence in the upper estuary. The trematode Zoogonus dextrocirrus and 
metacercaria of the trematode Otodistomum veliporum were found almost exclusively in fish 
collected offshore, indicating little or no back-and-forth movement between estuary and open 
ocean. 

INTRODUCTION 

A major portion of the United States com- 
mercial fishery catch is composed of species 
that spend at least a part of their lives within 
estuaries (McHugh, ]966). Although English 
sole (Parophrys vetulus) are known to utilize 
Yaquina Bay, Oregon as a nursery during at 
least a portion of their first year of life 
(Westrheim, ]955), the possible utilization of 
the shallow near-shore areas of the open coast 
by the 0-group age class has not been ex- 
amined, and the extent to which it depends 
upon the estuarine nursery grounds has not 
bccn determined. It has been observed that, 
off of the northern Oregon-southern Washing- 
ton coast, individuals less than 180 mm long 
(age-I+ or less) are most commonly found 
in depths of 36 to 53 m and that those 
less than ]00 mm long arc rare (Demory, 
]971 and Robert L. Demory, ]972, personal 
communication). 

Parasitological data have been used to pro- 
vide information on the movements and mi- 

grations of fish hosts by a number of investi- 
gators including Sindermann (1961), Kabata 
(1963) and Margolis (1965). Although these 
studies were primarily concerned with move- 
ments occurring over wide geographical areas, 

we have attempted to apply parasitological 
information to relatively local movements of 
English sole, between the estuary and the 
nearby open ocean. A study of this type has 
recently been completed in Scotland where 
Gibson (1972) traced movements of the 
flounder Platichthys ]lesus using parasites as 
tags. 

The objective of our study was to find 
parasites of juveniles that have life cycles 
operating only in the estuary and to use these 
parasites as tags to indicate that the host has 
spent some time in the estuary. In this man- 
ner, we expected to obtain some measure of 
the proportion of juveniles that use the estu- 
ary as a nursery and indirectly, to determine 
whether non-estuarine nursery grounds exist 
in the vicinity of Yaquina Bay. 

STUDY AREAS AND METHODS 

According to Ketchen (1956) the nursery 
grounds of English sole in Hecate Strait, 
British Columbia are shallow (less than 60 
m), sandy regions of coastline. The Oregon 
coast consists of extensive areas that fit this 

description; there are miles of sandy beach 
broken by numerous headlands, estuaries, and 
bays. The Yaquina Bay estuary (Fig. 1) is 
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FIGURE 1.--Yaquina Bay showing location of sam- 
pling stations. 

a drowned river valley with an area of ap- 
proximately 11.7 km • the bulk of which is 
in the lower one-third where the estuary is 
up to 3.2 km wide (Zimmerman, 1972). 

Samples were collected with a 16-foot semi- 
balloon trawl. The body of the net consisted 
of 3.8-cm mesh (stretch measure), the cod 
end of 3.2-cm stretch mesh, and the liner of 
1.3-cm mesh netting. Although this small 
trawl may have been somewhat selective for 
smaller fish, larger flatfish were common in 
samples and the proportion of small to large 
English sole was believed to reflect the relative 
abundance of small fish in the area sampled. 

We collected ocean samples in depths of 10 
to 80 m (1 to 16 km offshore) by trawling 
for 20 minutes and collected bay samples at 
three stations near buoys 15, 29 and 39 (B15, 
B29 and B39, Fig. 1), by trawling for 10 
minutes. Weather and sea conditions offshore 

and tidal conditions in the bay made uniform 
sampling difficult. Nevertheless, the catch per 
unit effort was considered to give an indi- 
cation of relative abundance. Bay samples 
were collected at low tide, usually the lowest 
daylight tide of the month. In no case was 
the interval of time between monthly collec- 
tions less than 15 days. 

A number of fish from each sample was 
measured to the nearest millimeter and as 

many as was practicable were examined for 
parasites with the aid of a dissecting micro- 
scope. Most fish were examined fresh; those 
that died before return to the laboratory were 
frozen for later examination. After prelimi- 
nary observations to locate the infection sites 

of the more commonly occurring parasites, we 
selected the gills, fins, musculature, stomach 
and intestine for routine examination. Whole 

mounts of trematodes, cestodes, and Acantho- 
cephala were prepared after fixation in AFA 
and staining in Semichon's acetocarmine. 
Nematodes were fixed in 70% ethyl alcohol 
containing 5% glycerine and cleared in lacto- 
phenol. Copepods were preserved and studied 
in 70% ethyl alcohol, and protozoans were 
studied alive in wet mounts. 

After the more commonly occurring para- 
sites had been identified, most could be rec- 
ognized alive, and their presence was recorded 
without examination under the high power 
microscope. Those that could not be readily 
identified while alive were identified only 
after permanent preparations were examined 
under a microscope. 

RESULTS AND DISCUSSION 

English sole spawning begins in November, 
is greatest in December and January, and is 
essentially complete by March although some 
spawning may continue into May and possibly 
longer (Harry, 1959). Spawning occurs in 
ill-defined areas off Oregon and young fish 
are apparently transported toward shallow 
water either as pelagic eggs or newly hatched 
larvae (Robert L. Demory, 1972, personal 
communication). Westrheim (1955) reported 
that English sole in Yaquina Bay reached a 
modal size of 140 mm after 1 year. Studies 
conducted in Washington (Van Cleve and 
E1-Sayed, 1969) and in California (Smith 
and Nitsos, 1969) indicated that first year 
growth could range from 135 to 170 mm. 

Based on English sole age and growth 
studies and on our length-frequency data, off- 
shore fish 140 mm or less in total length were 
considered to be in their first year of life 
(0-group). Although a few individuals in 
this size group may have entered their second 
year (age I), this was of no concern since 
our prime interest was in fish that had recently 
emigrated from the bay, regardless of precise 
age. 

Juvenile English sole were captured in 
Yaquina Bay during all months of the year 
(Fig. 2). They were most abundant from 
May through September with lesser numbers 
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TOTAL LENGTH - MM 

FIGURE 2.--Length frequency distribution of juve- 
nile English sole collected at station B15 in Yaquina 
Bay. 

* The four fish collected in March are included 
here. 

present from October through March. In 
1971, young-of-the-year fish first appeared in 
February but were not present in substantial 
numbers until April. Catch-per-unit-effort 
information indicates that emigration from the 

bay was heavy in October and was essentially 
complete by November (Table 1). 

Catch-per-unit-effort data also indicate that 
the lower estuary (B15) is utilized by con- 
siderably greater numbers of 0-group English 
sole than is the upper estuary (B29 and B39) 
and that the young fish do not reach the upper- 
most area (B39) nntil Jnly (Table 1). 

Reasons for the greater concentration of 
English sole in the lower estuary were not 
examined; however, the physical characteristic 
that most likely determines the distribution 
of these fish within the estuary is salinity. 
Salinities in Yaquina Bay fluctuate most 
widely during the winter months when fresh- 
water runoff is high. According to Zimmer- 
man (1972) surface salinities at station B15 
can vary from 27;, in winter to 35½• in sum- 
mer and bottom salinities from 25 to 35%•. 

In the upper estuary (B29 and B39), salinities 
are generally lower and range from 0 to 34%% 
the highest salinities occurring from July 
through September. 

The average length of young sole collected 
at B15 increased from 40.3 mm in April to 
115.2 mm in August. The average length then 
dropped slightly during the succeeding 3 
months as a result of larger fish's emigrating 
from the estuary (Table 1). 

A small number of young fish that appeared 
to be out of phase with the dominant size 
class in the estuary was found during most 
months of the year (Fig. 2). This may be 
due to a relatively small number of late 
spawners, accounting for the very small fish 

TABLE L--Average length and catch-per-unit-e]/ort o/ English sole collected at three stations in Yaquina Bay, 
1970-72. (Ranges in parentheses) 

B15 B29 B39 

Average length Catch-per- 
Month (mm) unit-error[ 

Average length Catch-per- Average length Catch-per- 
(mm) unit-effort (mm) unit-effort 

December 100.1 (80-111 
January 104.3 (78-132 
February 110.8 (46-133 
March 53.0 (34-91) 
April 40.3 (22-13• 
May 43.7 (21-151 
JLme 71.7 (41-102 
July 86.0 (47-111 
August 115.2 (55-195 
September 112.2 (56-147 
October 110.6 (76-132 
November 96.2 (75-114 
December 35.2 (21-101 
January 38.2 (23-100 
February 61.4 (22-12• 

17 98.3 (91-110) 16 No sample 
53 -- 0 -- 
24 95.0 (78-108) 4 No sample 

4 No sample No sample 
25.2 30.0 (one fish) 0.5 -- 

507 58.5 (38-119) 32 -- 
499 67.3 (37-100) 32 -- 
154 73.9 (48-96) 41 82 (one fish) 
231 85.3 (64-106) 7.5 84.2 (69-97) 12 
208.1 102.0 (78-133) 10.5 102.9 (77-126) 12 

58 104.2 (76-136) 59.5 109.8 (92-123) 14 
12 90.3 (78-105) 11 109.5 (108-111) 
13.5 35.0 (20-97) 40 -- 
79 -- 0 No sample 
38.3 -- 0 No sample 
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TaBLe, 2.--zlverage length and catch.per. unit-effort of English sole collected in Pacific Ocean adjacent to 
Yaquina Bay with the percentage of O-group individuals in samples, 1970-71. (Ranges in parentheses) 

Percentage of O-group 
Average length Number of fish Catch-per- (< 140 ram) English 

Month (ram) measured nnit-effort sole in sample 

December 191.2 (93-434) 59 54.8 33.9 
January 239.5 (71-382) 31 19.0 6.4 
February No sample 
March 177.6 (95-274) 26 12.0 30.5 
April 138.4 (71-390) 11 4.6 57.1 
May 147.5 (78-272) 23 14.3 12.7 
June 188.6 (112-276) 56 44.4 9.9 
July 170.1 (104-305) 26 16.2 9.8 
August 220.5 (104-355) 68 54.8 4.1 
September 204.6 (69-398) 136 19.4 10.3 
October 195.6 (61-395) 76 18.4 11.8 
November 205.5 (76-410) 198 50.7 30.8 
December 155.7 (73-348) 84 43.5 53.5 

collected in late summer and fall and for the 

relatively large fish present in the spring. 
The time of arrival of the 0-group in the 

estuary may vary from year to year. This 
was indicated by the low numbers of 0-group 
sole in the estuary until April 1971 and their 
relative abundance from December 1971 

through February 1972 (Fig. 2). 
Although mature starry flounder (Platich- 

thys stellatus) were abundant in bay samples 
and mature sand sole (Psettichthys melano- 
stictus) were occasionally collected, adult 
English sole were never captured in Yaquina 
Bay. 

The average lengths and catch-per-unit-effort 
for fish collected offshore are given in Table 
2. Samples collected from January through 
April 1971 contained few fish. Rough sea 
conditions prevented sampling in February 
and few large fish were present in the March 
and April samples. English sole were abun- 
dant in samples collected from May through 
October and the proportion in the 0-group (less 
than 140 mm) was quite constant, usually 
around 10% (Table 2). Samples obtained 

TABLE &--Incidence and intensity of Echinorhynchus 

during November and December contained an 
increased proportion of 0-group sole, 30.8 
and 53.5% respectively. This increase was 
probably the result of emigration of the 
O-group from the estuary during October. 

The presence of small numbers of the 
0-group in the offshore samples collected dur- 
ing the remaining months of the year is best 
explained by the extended spawning season. 

Although surf conditions prevented regular 
sampling at a depth of 10 m on the open coast, 
samples were collected in May when 0-group 
English sole were abundant in the estuary, 
and in October when emigration from the 
estuary was occurring. These samples and 
samples from previous years in the area never 
included English sole, juvenile or adult. This 
area is, however, the habitat for 0-group sand 
sole and occasionally for 0-group butter sole 
( Isopsetta isolepis ) . 

PARASITES 

Fifteen species of parasites were associated 
with 0-group English sole in Yaquina Bay 

lageniformis in English sole from Yaquina Bay, 1970-71 

Average 
Number length 

Month of fish (ram) 

B15 

Average 
Incidence intensity per 

(%) infected fish 

B29 and B39 combined 

Average Average 
Number lengt}i Incidence intensity per 
of fish (ram) (%) infected fish 

December 14 100.1 57.1 7.6 
January 18 104.2 55.5 3.4 
February 27 110.7 51.8 4.1 
March 4 53.0 0 0 

ril 126 39.7 9.5 1.3 y 120 43.8 14.2 1.1 
June 50 78.4 2.0 1.0 

ly 36 93.2 0 0 
ugust 32 119.2 37.5 2.5 

September 85 114.6 27.1 3.3 
October 64 113.3 7.8 5.2 
November 24 96.3 37.5 5.0 

6 98.3 66.6 10.8 
o 
4 9•.0 7•.0 •.3 
0 
i 35.0 • • 

30 54.6 53.3 2.5 
25 67.3 56.0 2.0 
37 74.1 59.5 2.6 
27 84.0 40.7 2.1 
40 102.5 52.5 5.5 
73 106.1 80.8 4.8 
13 93.3 69.2 7.1 
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Ta•nE 4.--Incldence o/Echinorhynchus lageniformis in English sole collected in Paci/ic Ocean adjacent to 
Yaquina Bay, 1970-71 

Average length of 
Total number of Incidence Number of O-group Incidence O-group fish examined 

Month fish examined (%) fish examined (%) (mm) 

December 59 15.2 20 30.0 121.4 
January 31 3.2 2 0 75.5 
February No sample 
March 26 15.4 10 20.0 126.3 
April 11 18.2 8 25.0 86.6 
May 23 13.0 11 18.2 104.5 
June 56 1.8 11 0 182.2 
July 26 8.8 8 12.5 126.0 
August 66 12.1 6 50.0 124.5 
September 99 9.1 14 14.3 109.3 
October 64 12.5 9 33.3 120.3 
November 125 15.2 61 24.6 112.9 
December 75 24.0 44 34.1 121.0 

and an additional seven species parasitized 
offshore fish. Of these, three parasites appear 
to have life cycles that operate only within 
the estuary. These were the acanthocephalan, 
Echinorhynchus lageni]ormis, the nematode 
Philometra americana, and a microsporidan 
protozoan, Glugea sp. The trematode, Zoo- 
gonus dextrocirrus, and metacercaria of the 
trematode, Otodistomum veliporum, are ap- 
parently acquired only in offshore areas. 

Available evidence indicates that, on the 
Oregon coast, the life cycle of E. lageni]ormis 
operates only in estuaries. Evidence for this 
includes: (1) the only known intermediate 
host (Olson and Pratt, 1971) is Corophium 
spinicorne, an amphipod common in brackish 
water and unreported offshore, (2) the only 
fish hosts known in Oregon, the starry flounder 
(Platitchthys stellatus) and the English sole, 
spend considerable periods of time in the 
estuary, and (3) flatfish that do not frequent 
the estuary are uninfected. These latter in- 
clude O-group sand and butter sole collected 
in depths of 10 to 40 m offshore which would 
be very likely to feed on the intermediate host 
of E. lageni]ormis if it were present. 

It was concluded that the E. lageni]ormis 
found in English sole collected offshore were 
acquired by the fish in an estuary and that 
this parasite could be used as an indicator of 
former estuarine residence. 

The life span of E. lageni]ormis in the fish 
host is probably not over I year (Olson and 
Pratt, 1971), so that its usefulness as a tag 
diminishes within a relatively short time after 
the fish leave the source of infection. 

Incidence and intensity of E. lageni/ormis 

infection in 0-group English sole from Yaquina 
Bay is presented in Table 3. For undeter- 
mined reasons, the incidence of infection at 
station B15 fluctuated considerably from April 
through July. Incidence peaked in August 
and September, dropped in October, and in- 
creased again in November after the bulk of 
the O-group fish had emigrated from the bay. 
The incidences of infection with E. lageni- 
]ormis in fish collected at stations B29 and 
B39 were similar and the data from these two 
stations were combined in Table 3. The inci- 

dence at these upper stations was substantially 
higher that at station B15 during most months, 
an indication that the parasite cycle operates 
most efficiently in the upper estuary. 

The incidence of E. lageni/ormis infection 
offshore is given in Table 4. As previously 
mentioned, fish of 140 mm or less in total 
length were considered to be 0-group indi- 
viduals that had potentially emigrated from 
the bay. Fish in this size group were present 
in greatest numbers during November and 
December, immediately after the October emi- 
gration from the bay. 

Since the bulk of the English sole using 
Yaquina Bay as a nursery are found in the 
lower estuary (B15), the incidence of E. 
lageni/ormis observed at the lower station was 
considered to be most typical of the entire 
bay population. The incidences of infection 
observed during August and September were 
combined to produce what was considered to 
be the average incidence of infection attained 
by 0-group English sole while on the Yaquina 
Bay nursery ground. This was then compared 
with the incidence observed in fish less than 
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TABLE 5.--Incidence oj Philometra americana and Glugea sp. in English sole jrom Yaquina Bay, 1970-71 

B15 B29 B39 

Incidence Incidence Incidence 
Number of P. Incidence Number of P. Incidence Nmnber of P. Incidence 
of fish a•,ericaua of Glugea of fish americana of Glugea of fish americana of Glttgea 

Month examined (%) (%) examined (%) (%) examined (%) (%) 

April-August 364 0 0 109 0 0.9 13 0 0 
September 85 0 1.2 17 0 17.6 23 0 30.4 
October 64 0 3.1 60 11.6 35.0 13 0 69.2 
November 24 8.3 25.0 11 0 36.3 2 0 100.0 

140 mm long collected offshore during No- 
vember and December, after emigration from 
the bay. Of the 117 sole examh•ed from the 
August-September bay collection, 35 or 29.9% 
were infected; of the 105 offshore fish ex- 
amined from the November-December collec- 

tions, 30 or 28.5% were infected with E. 
lagenijormis. These data suggest that there 
was no sizable influx of 0-group English sole 
from other than estuarine nursery grounds to 
the offshore study area. 

The nematode Philometra americana and 

microsporidan Glugea sp. appear to infect 
English sole only in the estuary. In Oregon, 
P. americana has been reported by Olson 
(1972) and Glugea sp. a protozoan that forms 
cysts in the intestinal wall, was reported in 
Yaquhla Bay by Wellings, Ashley and McArn 
(1969). The life spans of these parasites are 
not known, but almost certainly are over 1 
year. The locality where infection of fish with 
both of these parasites occurs appears to be 
restricted to the upper estuary where the inci- 
dence of infection reaches a peak during the 
fall (Table 5). Although the presence of these 
parasites in offshore English sole does indi- 
cate former estuarine residence, the incidence 
of infection in the bay populations as a whole 
does not reach levels high enough to be of 
use in determining the degree of estuarine 
utilization by these fish. It can be concluded 
that offshore English sole carrying these para- 
sites had at some time occupied the upper 
estuary. Of the 105 0-group sole caught off- 
shore during November-December, eight were 
infected with Glugea sp. and one with P. 
americana. This amounts to 8.6% of the sam- 

ple which probably gives a conservative indi- 
cation of the proportion that utilize the upper 
estuary as a nursery. 

The adult trematode Zoogonus dextrocirrus 
and metacercaria of Otodistomum veliporum 
are common parasites of offshore English 
sole, but not of those from Yaquina Bay, an 
indication that fish become infected only in 
offshore waters. Although the life span of 
Z. dextrocirrus may be relatively short, O. 
veliporum metacercariae probaby live for a 
number of years. Of the 856 sole examined 
from the bay, none was infected with O. 
veliporum and only two had one Z. dextrocirrus 
each. This indicates a negligible amount of 
back-and-forth movement between the estuary 
and the offshore areas. When O-group English 
sole leave the estuarine nursery ground, they 
leave permanently. 

Other parasites found did not show char- 
acteristics of infection or life cycle that al- 
lowed their use as natural tags. The appear- 
ance of 0-group English sole in Yaquina Bay 
is as Westrheim (1955) suggested "no capri- 
cious event." Rather, the estuary is a natural 
and important nursery ground for this species. 
It is also apparent that the shallow, sandy 
bottom areas of the open coast are not suitable 
for 0-group English sole although these areas 
do generally fit Ketchen's (1956) description 
of the nursery grounds in Hecate Strait, British 
Columbia. The primary difference between 
the two areas is probably the turbulent waters 
of the exposed Oregon coast, so an additional 
characteristic of English sole nursery grounds 
may be that of relatively quiet water. On the 
Oregon coast these areas are found only in 
bays and estuaries and, although all were not 
sampled, it is likely that all are important 
English sole nursery grounds. Both trawl and 
parasite information give strong evidence that 
estuaries may be the exclusive nursery grounds 
for English sole on the Oregon coast. 

D
ow

nl
oa

de
d 

by
 [

O
re

go
n 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
3:

09
 1

7 
O

ct
ob

er
 2

01
1 



OLSON AND PRATT---ENGLISH SOLE NURSERY GROUNDS 411 

ACKNOWLEDGMENTS 

We would like to thank Eugene M. Burreson 
and Richard L. Miller who assisted in the col- 

lection and examination of specimens, Dr. 
James E. McCauley who critically read the 
manuscript, and members of the Oregon Fish 
Commission, especially Robert L. Demory, 
who gave valuable advice. The research was 
supported in part by National Oceanic and 
Atmospheric Administration (maintained by 
the U.S. Dept. of Commerce) Institutional 
Sea Grant 2-35187. 

LITERATURE CITED 

DEMORY, R. L. 1971. Depth distribution of some 
small flatfishes off the northern Oregon-southern 
Washington coast. Fish Corn. Ore., Res. Rep. 
3: 44-48. 

GIBSON, D. I. 1972. Flounder parasites as biolog- 
ical tags. J. Fish Biol. 4:1 9. 

H_•RaY, G. Y., Jt•. 1959. Time of spawning, length 
at ,naturity, and fecundity of the English, petralc, 
and dover soles (Parophrys vet•tlus, Eopsetta 
jordanl, and Microstomus pacl/icus, respectively. 
Fish Co•nm. Ore., Res. Briefs 7(1): 5-13. 

KABATA, Z. 1963. Parasites as hiological tags. Ink 
Comm. Northwest Atlantic Fish, Spec. Pub. No. 
4: 31-37. 

KETCIIEN, K. S. 1956. Factors influencing the sur- 
vival of the lemon sole (Parophrys vetulus) in 
Hecate Strait, British Columbia. J. Fish. Res. 
Bd. Canada 13(5): 647-694. 

MARGOLIS, L. 1965. Parasites as an auxiliary source 
of information about the biology of Pacific sal- 
,nons (Genus Otzcorhynchus)..I. Fish. Res. lid. 
Canada 22(6): U•87-1395. 

McHuc}I, J. L. 1966. Management of estuarinc 
fishcries, p. 133 154. In A symposium on cstu- 
arine fisheries. Amer. Fish. Soc.. Spec. Pub. No. 
3. 

OLSON, a. E. 1972. An intensc infection of Philo- 
metra americana (Ncmatoda) in an English sole 
(Parophrys vetulus). J. Parasit. 58(1): 188-189. 

.... , AN• I. PnATT. 1971. The life cycle and lar- 
val development of Echinorhyt*ch•ts lageni/ormis 
Ekhaum, 1938 (Acanthocephala: Echinorhynchi- 
dae). J. Pa,'asit. 57(1): 143 149. 

SINDERMANN, C. J. 1961. Parasite tags for •narine 
fish. J. Wildl. Manage. 25:41 47. 

SMITII, J. G., aN• R. J. NITSOS. 1969. Age and 
growth studies of English sole, Parophrys vetu.. 
lus, in Monterey Bay, California. Bull. Pac. Mar. 
Fish. Comm. 7: 73-79. 

VaN CLEVE, R., aN•) S. Z. EL-SAYE•). 1969. Age, 
growth and productivity of an English sole (Paro- 
phrys vetulus) population in Puget Sound, Wash- 
ington. Bull. Pac. Mar. Fish. Comm. 7: 52-71. 

WELLINGS, S. R., L. E. ASIILEY, AND G. E. McAaN. 
1969. Microsporidial infection of English sole, 
Parophrys vetulzts. J. Fish. Res. Bd. Canada 
26(8): 2215-2218. 

WESTRHEIM, S. J. 1955. Size composition, growth, 
and seasonal abundance of juvenile English sole 
(Parophrys vetulus) in Yaquina Bay. Fish. 
Comm. Ore., Res. Briefs 6(2): 4-9. 

ZIS[S/ERIVIAN, S. T. 1972. Seasonal succession of 
zooplankton populations in two dissimilar marine 
embayments on the Oregon coast. Ph.D. Thesis, 
Oregon State University, Corvallis. 212 p. 

D
ow

nl
oa

de
d 

by
 [

O
re

go
n 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
3:

09
 1

7 
O

ct
ob

er
 2

01
1 


