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ABSTRACT

Epi bent hi ¢ and pl ankt oni ¢ macr of auna were col |l ected at two
sites in the Mattole River estuary/lagoon from June through
Cct ober 1986 and | ate May through Novenber 1987. One site was
| ocated in the | ower reaches of the estuary/lagoon, near the
ocean, and was characterized by a predom nantly sand bottom
Substrate at the other site, |ocated upstream was conposed
predom nantly of gravel and was shallower in water depth.
Stomach contents of juvenile chinook sal non were anal yzed and
di et preferences deternm ned based on prey organi sm abundance in
t he estuary/| agoon.

Epi bent hi c sanpl es coll ected at each site during both
years were dom nated by the anphi pod Corophi um spi ni cor ne.
| sopoda, oligochaetea, and the | arvae of trichoptera and diptera
(Chironom dae) were anong other taxa collected. 1In 1987,
overall mean densities and bi onmasses of organi snms were
significantly higher at the upper site. Species conposition and
patterns of abundance were different between the two years.

Pl ankt on sanpl es collected early during both years
contai ned few organi sns as the estuary transfornmed into a | agoon
and gradually became a freshwater environnment. Once physi cal
conditions stabilized, Anphipoda, |sopoda, Mysidacea, Diptera,
Gstracoda, Hydracarina, and Copepoda were col |l ected nost
frequently. Copepoda were extrenely abundant in sanples
collected at night in the | ower |agoon during 1987. Bionmass in

Oct ober was significantly greater than in other sanpling periods



due to large quantities of threespine stickleback juveniles.

In early 1986, juvenile chinook consuned nostly
terrestrial insects and aquatic hem ptera. D ptera |arvae and
adults conprised nost of the diet later in the season
Terrestrial insects and aquatic hem ptera were the preferred
prey itens in 1986.

D ptera | arvae and adults were the dom nant diet conponent
in 1987. Terrestrial insects and diptera |arvae and adults were
the preferred prey types. Juvenile chinook relied nostly on
al l ocht hnous food itens fromriverine and w ndborne sources and

did little or no epibenthic feeding.
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I NTRODUCTI ON

Estuaries of the Pacific Coast are highly
productive and dynam c ecosystens. Cyclic processes of
sedi nent deposition fromriverine and oceani c sources
formbars that partially or conpletely close sone
estuaries. Wen closed, an estuary is transforned into a
coastal lagoon (R S.K Barnes 1980). These | agoons
becone traps for nutrients and detritus from all ocht onous
and aut ocht honous sources (Tennore 1977, Reiners 1978,
Qdum et al. 1979, Barnes 1980, Sinenstad 1983). 1In these
systens a pool of organic carbon, derived primarily from
detritus, can accunul ate behind the sill or sand barrier.

A great deal of this organic material is eventually
utilized by the benthic and planktonic conmunities,
formng the base of a food web which supports popul ati ons
of anadronous sal nonids (Sibert et al. 1977, Reiners
1978, Healey 1979, Sibert 1979, Nainman and Si bert 1979)
(Figure 1).

A variety of life history patterns are displayed
by chi nook sal non (Oncor hynchus tshawytscha) stocks
t hroughout their range and w thin drai nage systens
(G lbert 1913, Reinmers 1973, Heal ey 1982, Kjelson et al.
1982, Sinenstad et al. 1982, Allen and Hassl er
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1986, N chol as and Hankin 1988). Variations occur in
| ength of residency in riverine, estuarine and oceanic
waters, timng of spawning runs and oceani c distribution.
Chi nook sal non denonstrate a greater dependency on
estuarine residency than other species of anadronous
sal nonids (Reiners 1973, Reiners 1978). The length of
resi dency within estuaries and the utilization of
estuarine food resources have been docunented as
i mportant in the growh and survival of outm grating
juvenil e chinook sal nron (Reiners 1973, Reinmers 1978,
Reiners et al. 1978, Reiners et al. 1979, Reiners and
Concannon 1977, Heal ey 1980, Heal ey 1982, Kjelson et al.
1982, Meyers and Horton 1982, Sinenstad et al. 1982).
Estuaries can provide an environnent for productive
foragi ng, physiological transition to oceanic conditions,
and refuge frompredators (Sinenstad et al. 1982).
Rei mers (1973) concl uded that a survival advantage was
gai ned by chinook sal non that remained in the Sixes R ver
estuary throughout the sunmer over those that outm grated
directly.
The ecol ogy and feeding habits of juvenile chinook
in Pacific Coast estuaries have been studi ed by nunerous

i nvestigators (Table 1).



Table 1. Studies of the estuarine ecol ogy and feeding
habits of juvenile salnonids, |isted by
dr ai nage.
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O
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O

Dr ai nage Aut hor
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O

Pescadero, San Gregori o, Smith 1987
Waddel | , and Ponponi o
Creeks, California

Sacr anment o/ San Joaqui n, Cannon 1982
California Kj el son et al. 1982

Mattol e River, Young 1987
California Busby et al. 1988

Redwood Cr eek, Hof stra 1983
California McKeon 1985

Larson 1987
Sal amunovi ch 1987

Si xes and El k Rivers, Rei mers 1973
Or egon Rei mers and Concannon 1977
Reimers et al. 1978
Rei mers et al. 1979
Rei mers and Downey 1982
Ni chol as et al. 1984

Yaqui na Bay, Meyers and Horton 1982
Or egon

Col unbi a River, Craddock et al. 1976
Or egon McCabe et al. 1986

Puget Sound, Pearce and Meyer 1982
Washi ngt on Sinenstad et al. 1982

Nanai mo River, Nai man and Si bert 1979
British Col umbi a Heal ey 1979

Nai man and Si bert 1979
Si bert 1979
Heal ey 1980

Canpbel | River, Macdonal d et al. 1987
British Col unbia
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Juveni |l e sal non diets vary consi derably between
estuaries and habitats within an estuary (Sibert and Kask
1978, Heal ey 1982, Sinenstad and Wssnar 1984, Macdonal d
et al. 1987, N cholas and Hankin 1988). Al though food
organi snms are often abundant, there are indications that
many of these are available to juvenile chinook only
during planktonic larval stages or during diel vertical
mgrations (Reiners 1973, Reiners et al. 1979, Heal ey
1980, Heal ey 1982, N cholas et al. 1984, Sinenstad and
Wssmar 1984). Gowh and survival of juvenile sal non
are influenced and perhaps limted by the availability of
epi bent hi ¢ nei of auna and nacr of auna prey itens such as:
copepods, dipteran | arvae and pupae, gammari d anphi pods,
Corophium sp., and nysid shrinp (Sibert et al. 1977,

Rei mers 1978, Healey 1979, Nai man and Si bert 1979,
Reiners et al. 1978, Reiners et al. 1979, Barnes 1980,
Cannon 1982, Heal ey 1982, Kjelson et al. 1982, Sinenstad
et al. 1982, Beauchanp et al. 1983, Sinenstad 1983,
Barnes 1984, N cholas et al. 1984, Allen and Hassl er
1986, G osse and Paul ey 1986).

The objectives of this study were to describe the
speci es conposition of the epibenthic and pl anktonic
macr of aunal communities and estimate the abundance of
potential food organisns for juvenile chinook salnon in
the Mattol e River estuary/lagoon during the sumrer and

early fall of 1986 and 1987. These data were then



conpared to the occurrences of prey itens observed in the
chinook diet to determ ne food resource preference
(Johnson 1980). Inferences about the adequacy of this
diet for the growh and survival of juvenile chinook were
made. Rel ationshi ps between changes in diet conposition
and/ or abundance and speci es assenbl age of prey organi sns
were exam ned as were potential effects of shifts in the

physi cal and chem cal environnment of the estuary/l agoon.



STUDY SI TE

The Mattole River basin is a 785 square kil oneter
coastal drainage | ocated in Mendoci no and Hunbol dt
Counties, California (Young 1987). The river flows in a
northwesterly direction and enters the Pacific Ccean 60
km south of the city of Eureka, California (Figure 2).
The 105 km nmai nstem of the Mattole is joined by 74
tributaries (Barnhart and Young 1985) and is bordered by
t he King Range National Conservation area to the
sout hwest and the Eel River drainage to the northeast
(California Departrment of Water Resources 1974). Flow in
the Mattole is extrenely variable through the year,
rangi ng historically fromO0. 6-2560.0 cubic neters per
second (cns) at the Petrolia gauging station (California
Departnent of Water Resources 1973). The climate of this
region is described as hum d mesot hermal, with heavy
wi nter rains and coastal fog in the sumrer (California
Departnent of Water Resources 1973).

Anadr ormous fishery resources in the Mattole R ver
basi n have been severely inpacted by poor |and use
practices (California Departnent of Fish and Gane 1965,
Barnhart and Young 1985, Peterson 1985, Young
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Figure 2. Location Map of the Mattole R ver
Estuary/ Lagoon, Hunbol dt Gounty, California.



1987, Busby et al. 1988). Logged areas were not
reforested and in many areas grazing |land has taken their
pl ace. The disturbed |and is geol ogically unstable and
susceptible to slunping, erosion, and | andsli des.
Deposition of sedinments has caused significant reduction
in sal nonid spawning and rearing habitat. |Inpacts extend
to the estuary in the formof an aggraded river channel
and | ack of riparian vegetation along the south bank due
to grazing cattle.

In the early sumrer, a conbi nation of sedi nent
deposition fromonshore ocean currents, constructive wave
action, and decreased river flows, cause a sandbar to
formwhich closes the river nouth (Young 1987). This
physi cal process is described thoroughly by Barnes
(1980). Through this process the estuary is transforned
into a small coastal |agoon (Pritchard 1967, Barnes
1980). Simlar processes have been docunented in
Hunmbol dt County at Bi g Lagoon (Joseph 1958) and Redwood
Creek (Hofstra 1983).

As the river nouth is closed by the sand bar, river
wat er fl oods an area of approximately three hectares
(Bushby et al. 1988). Riparian vegetation, gravel bars
and boul ders are inundated by this flooding which creates
habitat for birds, fish and other aquatic organi sms.
Shortly after formation of the |agoon, dilution by

incomng river water and wi nd driven m xi ng cause the



systemto becone essentially freshwater. Seawater
occasi onal ly washes over the bermduring high tide
periods in the dry summer nonths (California Departnent
of Water Resources 1973). Juvenile salnonids mgrating
to the ocean are trapped in the lagoon until high river
fl ows and wave action breach the bermin early fall
(Young 1987).

Several fish species have been collected in the
| agoon i ncl udi ng chi nook sal non, coho sal non (O
ki sutch), steel head (O nykiss), and others (Busby et al.
1988). Potential fish predators using the | agoon are
river otter (Lutra canadensis), osprey (Pandion
hal i aetus), gulls (Larus sp.), terns (Sterna sp.), herons
(Ardei dae), cornorants (Phal acrocorax sp.), nergansers
(Mergus sp.), loons (Gavia sp.), grebes (Podicipedidae),
and brown pelican (Pel ecanus occidentalis) (Busby et al.
1988) .

The substrate of the | ower |agoon is conprised
predom nantly of sand with |arger rocks and boul ders
| ocated al ong the eastern shore (Young 1987, Busby et al.
1988). Strong northwesterly w nds, characteristic of
this area, mx the water columm causi ng the sandy bottom
of the lower |agoon to becone relatively flat. Substrate
I n the upper |agoon is conposed predom nantly of gravel
wi th sone cobbl es, stones, and boul ders which is nore

characteristic of riverine systens (Bottomet al. 1979,



Cowardin et al. 1979).

A mat of organic material covers the bottomby md
sumer and fil anentous al gae grow i n abundance. Nunerous
aquatic invertebrates inhabit this algal covering.

Depths within the | agoon vary dependi ng on w nter
scouring patterns and water |evel which fluctuates
considerably (Barnhart and Busby 1986, Busby et al.
1988). The riparian zone along the north side of the
upper | agoon provides overhangi ng and subner ged
veget ati on used by several species of aquatic
i nvertebrates, fish and wildlife. A conplete inventory
of the natural resources of the Mattole River
estuary/l agoon including habitat types, vegetation, fish

and wildlife can be found in Busby et al. (1988).



MATERI ALS AND METHODS

Sanpl i ng, observations, and other data collections
wer e conducted from June through October 1986 and | ate
May through Novenber 1987. Epi benthic and pl anktonic
macr of auna were coll ected at two stations: one each in
t he upper and | ower reaches of the estuary/lagoon (Figure
3). Juvenile chinook sal non taken for stomach anal ysis
were collected at four different |ocations (Figure 3).
Keys and other references used to identify the organisns
i n epi bent hic, plankton and juvenile chinook stomach
sanples were Smth and Carlton (1975), Borror et al.
(1981), R D. Barnes (1980), and Merritt and Cumm ngs
(1985). Al organisns retained on 0.5nm nmesh screen

after thorough washing are referred to as nacr of auna.

Epi bent hi ¢ _Macr of auna

A 0.01 nf (10x10 cm openi ng) Ekman grab was used to
col l ect epibenthic organisns in 1986. Three grabs were
taken nonthly at each station. The contents were then
conbi ned, washed on a sieve and preserved in 70% et hanol .

The sanples were later sorted for identification and

enumner ati on.
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Figure 3. Map of the Mattol e Estuary\ Lagoon, Show ng
Epi bent hi ¢, Zoopl ankt on, and Juveni | e Chi nook Sal non
Sanpling Stes.



A prelimnary investigation was conducted in 1986 to
estimate densities of epibenthic species and eval uate
the effectiveness of an in-place "bucket type" substrate
sanmpling system Ten 21.5 x 16.5 x 8.0 cm (0. 04 nf
surface area) rectangul ar plastic food storage
containers were filled with representative bottom
material and buried with the rins exposed at each
station by SCUBA divers. A 5.0 cmdianeter white
st yr of oam sphere was attached to each container with a
50 cm strand of nonofilanment fishing line to assist in
finding the containers. A distance of 50 cm separated
the sanplers which were buried in two rows of five, in
the center of the streamchannel. A period of 30 days
was allowed for colonization. Al remaining containers
were then renoved. The renoval procedure required
divers to snap lids on sanplers and swmthemto the
surface. Contents of substrate sanplers were washed
t hrough a series of bucket sieves. Al organisns
retained on the 0.5nmm nmesh screen were then preserved in
70% et hanol. The sanples were later sorted, identified
to the | owest taxa possible, and enunerat ed.

Si xteen containers were placed at each station in a
4x4 grid on July 1, 1987. A distance of 50 cm separated
each container. A row (four containers) perpendicular to
the direction of streamflow was renoved at approxi mately

30 day intervals. Sanples were processed in the sane



manner as in 1986 except that preservation was in a 5%

buffered formalin solution instead of ethanol. In
addition, dry weight biomass was estinmated for all taxa.

Sel ected organi sns were dried in tared wei ghing pans at
35° C for 24 hours. The dried material was then all owed
to cool for two hours in a desiccator before being

wei ghed to the nearest m crogram

Pl ankt oni ¢ _Macr of auna

A conical 0.333 mmnesh plankton net with a di aneter
of 0.5 m length of 2 m and a renovabl e PVC rei nforced
cod end was used to collect zoopl ankton along two 300 m
transects in 1986 and 1987 (Figure 3). At the | ower
transect, sanpling occurred at m d-depth except during
net deploynment and retrieval. Nearly the entire water
colum was sanpl ed al ong the upper transect due to
shal | ow dept h.

Zoopl ankt on sanpl es were col | ected biweekly during
daylight hours in 1986. Imediately after collection,

t he pl ankton was preserved in 70% et hanol. These sanpl es
were | ater sieved, sorted, identified to the | owest taxa
possi bl e, and enuner at ed.

Li ght gauge cord was used to suspend a Ceneral
QCceanics flowreter in the center of the net opening for
collections in 1987. The flowreter was calibrated by

conducting 10 test tows of 20 neters length in a sw mm ng



pool at a constant speed of one neter per second. The
begi nni ng and end readi ngs were recorded and t he nunber

of revolutions per tow determned. A correlation between
t he nunber of revolutions and di stance travel ed was
establ i shed (nmean nunber flowneter revolutions/neter). A
tow ng speed of approxinmately one neter per second was

mai ntained in the field by towng the net along the 300 m
transects for five mnutes.

Zoopl ankt on sanpling was conducted at nonthly
intervals in 1987. Sanples were collected during
daylight hours in the same nmanner as in 1986. In
addition, nighttinme sanpling was conduct ed al ong each
transect around mdnight. Al 1987 sanples were treated
in the sanme manner as those collected in 1986, except
that preservation was in a 5% buffered formalin sol ution
In addition, dry weights were obtained for each taxonom c
group using the sane techni ques as for 1987 epi benthic

macr of auna.

Food Habit Anal ysis

A 54.7 mx 4.8 mbeach seine of 6.4 mm nesh was set at
four sites in the |ower |agoon to collect juvenile
chi nook for food habit analyses in 1986 and 1987 (Figure
3). Collections occurred biweekly in 1986 and nonthly in
1987. An electrofishing boat was used in Septenber 1987

to sanple along the 300 m pl ankton transect in the upper



| agoon.

In all collections, captured fish were transferred to
live pens, anesthetized with M5-222 and sorted by
speci es. Juvenile chinook were counted and neasured to
the nearest 1.0 mmfork length. Wen available, ten
chi nook were sacrificed for stomach anal ysis and wei ghed
to the nearest 0.1 gramwith a triple beam bal ance.

These fish were then slit ventrally and preserved in a
10% buffered formalin solution.

St omachs from i ndi vidual juvenile chinook were renoved
and placed in a Petri dish containing water. The
stomachs were then opened with a razor blade. Al
contents were gently rinsed out with a squeeze bottl e and
carefully separated with forceps and a probe. A
di ssecting mcroscope was used to identify contents and
sort theminto respective food types. Food itens were
then grouped by taxa and enunerated. Vol unes of each
prey type were neasured with a graduated centrifuge tube

to the nearest 0.05 m.
Statistical Mthods

Conpi |l ation of data and basic descriptive statistics
(sum percentage, nean, standard devi ation, standard
error) were preforned using the spreadsheet program Lot us
1-2-3 version 2.01 (Lotus Devel opnment Corporation 1987).

More conpl ex statistical procedures (95% Confi dence



I nterval of nean, Mann-Witney U test, Bartlett's Test,
one, two and three-way ANOVA, Kruskal-VWallis test, Two-
way nonparanetric ANOVA, paranetric and nonparanetric
Tukey's multiple conparison tests) were acconpli shed
using the prograns Mnitab (Ryan et al. 1985), and Systat
(W1 kinson 1988). Food resource preferences of juvenile
chi nook sal non were determ ned using the program PREFER
(Johnson 1980). Descriptions of all analytical
procedures used can be found in Johnson (1980) and Zar

(1984) .

Epi bent hi ¢ _Macr of auna

Ekman grab data collected in 1986 were used
primarily to identify the representative organi sns of
t he epi benthic community. The total nunbers of
i ndi vidual s of each species collected in each grab set
were tabul ated to examne their catch per unit effort
and rel ative abundances. The Mann-Whitney U statistic
was used to test for differences between the total
nunbers of organisns collected at the upper and | ower
sites over the entire sanpling period. Confidence
intervals of 95% were cal cul ated for the neans of each
taxonom c category at each site over the entire study
peri od. Overl appi ng ranges were considered to be not
si gni ficant.

Data fromthe 1986 bucket type substrate sanpler



pil ot study were used to assess the effectiveness of
this sanpling system Variance in the nunbers of

I ndividuals collected in the containers was used to
estimate the sanpl e size needed for the 1987 epi benthic
survey by the nmethods of Harris et al. (1948) as

descri bed by Zar (1984 pages 108-110) and their
precision as a sanpling unit.

Mean densities were estinmated for all organi sns
collected as a total and for each individual taxon
based on the surface area of the substrate sanpler.

The Mann-Witney U statistic was used to test
differences in the nunber of species collected by the
Ekman grab and the bucket type artificial substrate
sanpl ers.

Densities and bi onasses were cal cul ated for each
taxonom c group collected during each sanpling date at
each sanpling site for the 1987 study period. This was
acconpl i shed by dividing the nunber or dry weight by the
surface area of the sanmpler. The 95% confi dence
I ntervals around the nmeans were conputed for the nuneric
and bi omass val ues of each taxonom c group. Overl apping
ranges were consi dered non-significant. Two-way anal ysis
of variance (Zar 1984) was used to test for differences
bet ween sanpling dates and sites for the overall (all
taxa) nunbers and bi omasses. Residuals were plotted to

visual ly inspect for honogeneity of variance. A square



root transformati on was necessary for the bionmass
estimates to neet the required assunptions of the
analysis. Bartlett's test (Zar 1984) was used to confirm
that the data net the assunptions. The Tukey nultiple
conpari son test for unequal sanple size (Zar 1984) was

used to determ ne where specific differences existed.

Pl ankt oni ¢ _Macr of auna

Data from pl ankton sanples collected in 1986 were used
to identify the conponents of the zoopl ankton community
and determne their relative abundances. Nunerical data
were anal yzed in the sanme manner as the epi benthic
macr of auna col | ected by Eknan grab fromthe sane year

Zoopl ankt on sanples collected in 1987 were used to
guantify the abundances and bi onasses of potential food
items for juvenile chinook salnon. Differences in
concentrations, biomass and nunber of taxa coll ected
bet ween sanpling dates, sites and diel periods were al so
exam ned.

Zoopl ankt on concentrati ons and bi omasses were
cal cul ated for each taxonom c group collected at each site
for each sanpling date and diel period. This was
acconpl i shed by dividing the nunber or dry weight by the
volune filtered. Calculations of 95% confidence intervals
were nmade for the mean zoopl ankt on concentrati ons and

bi omasses. Overl appi hg ranges were consi dered not



significant. Three factor analysis of variance for single
observations (Zar 1984) was used to test for differences
in overall zoopl ankton concentrations and nunber of taxa
col |l ected between the sanpling dates, sites and di el
periods. Concentration data required a base 10

| ogarithmc transformation to satisfy test assunptions.
Nonparanetric three way anal ysis of variance was used to
test for differences in the biomass data. Nonparanetric

mul tiple conparison testing was used in the latter case.

Food Habits of Juvenil e Chinook Sal non

Means, 95% confi dence intervals, and percentages by
nunber, frequency of occurrence, and vol une were conputed
for each taxa identified in juvenile chinook stomachs for
each sanpling date. Taxa with overlappi ng 95% confi dence
i nterval ranges around the nmeans were consi dered as not
significantly different.

The Kruskal -Vl lis test (Zar 1984) was used to test
for differences in overall nunbers, volunes and nunbers of
prey types consuned between sanpling dates. Nonparanetric
Tukey type nultiple conparison testing was used after
significant Kruskal-Wallis tests to |ocate specific
di ff erences.

Preference (selection) of certain prey categories

were determ ned using the nethod of Johnson (1980). This



IS a non-paranetric procedure which can be used to test
for significance between the difference in ranks of prey
conmponents by usage and availability. Lower
estuary/ | agoon dayti ne abundances of zoopl ankton were used
as the availability conponents in both years with the
exception of Septenber, 1987 when fish were collected at
the upper site at night. Usage conponents were the
occurrences of prey types in the diet. Analyses were
conducted for each individual sanmpling date and for the
two study periods overall. An additional preference

anal ysi s was conduct ed usi ng zoopl ankt on bi onass as the
availability conmponent and stomach content volunetric data
as the usage conponent from 1987 dat a.

Two-way nonparanetric anal ysis of variance was used
to test for differences between overall nunbers, vol unes
and nunbers of prey types consuned on three sel ected
sanpling dates in 1986 and 1987. These dates were 27
June, 24 July, 29 August 1986, and 22 June, 21 July, and
23 August 1987.



RESULTS

A conpl ete phylogenetic list of taxa identified from
epi bent hi ¢ and pl ankt on sanpl es coll ected during the 1986
and 1987 study periods is given in Appendix A This
updates the partial list given in Busby et al. (1988).

Epi bent hi ¢ _Macr of auna

Lower Site 1986

Ekman grab sanpl es taken fromthe | ower
estuary/lagoon in 1986 contai ned | arge nunbers of
anphi pods (Figure 4)(Appendi x B). Corophi um spi ni corne
was col |l ected the nost frequently. A few Eoganmarus
confervicolus were al so coll ected.

In ate June, larvae of the trichopteran Gumaga
gri seus were second nost abundant in the catch behind
anphi poda, followed by A igochaetea and Pl at yhel m nt hes.
In early July, aquatic mtes (subphylum Chelicerata,
subcl ass Hydracarina), |arvae of Trichoptera and D ptera,
and the isopod Ghori nosphaeronma oregoniensis foll owed
Amphi poda i n nunber of individuals collected. The catch
of |Isopoda rose sharply in late July. Larvae of
Col eoptera, Diptera, Epheneroptera, and Trichoptera were

al so



1400

Lower Site Upper Site

1200

1000

800

600

Number of Individuals

Jun 27 Jul 2 Jul 25 Aug 28 Oct 27 Jun 27 Jul| 2 Jut 28 Aug 26 *8ep 18 Oct 27

Date
Bl Amphipoda  EHisopoda [lDiptera  NTrichoptera EB Other Taxa

Figure 4. Catch per Uhit Effort of Epibenthic Qganisns in 0.02 nt Eknan G ab, Lower and Woper
Mattol e Estuary/Lagoon 1986. * = 0.04 nf bucket type substrate sanpler pilot study.



collected. 1In |ate August, nunmbers of Anphi poda and

| sopoda declined but they continued to dom nate the
sanpl es taken. The nunber of Diptera |arvae collected
nearly doubl ed. Cycl opoid copepods (Cyclops sp.), the
nysid Neonysis nercedis and Hydracarina were al so
present. Sanpling in Septenber was not conducted due to
unusual ly high river flows. Only Anphi poda and | sopoda
were collected in Cctober and fewer individuals were
present. The catch of Anphi poda was significantly
greater than all other taxa throughout the sanpling
period (p < 0.001). No significant differences in

nunbers col | ected were found between any other taxa.

Upper Site 1986

Ekman grab sanples collected in the upper |agoon
al so contained | arge nunbers of Anphi poda but they
conprised a snmaller percentage of the total than in the
| oner |agoon (Figure 4) (Appendix C. In late June,
Anphi poda and a few | sopoda were collected. Simlar
nunbers of Trichoptera | arvae and Anphi poda were
collected in early July. |sopoda and the |arvae of
D ptera, Epheneroptera (several species) and Megal optera
(Sialis sp.), were also present. In late July, nunbers
of Amphi poda i ncreased. Trichoptera |arvae were
coll ected in nunbers about equal to those of early July.

The nunber of |sopoda increased noderately. Larvae of



Epheneroptera and Diptera were al so collected. Nunbers
of Amphi poda, |sopoda and Diptera | arvae collected
i ncreased dramatically in | ate August. Mysidacea and
Epheneroptera | arvae were also collected as was a single
i ndi vidual of the hem pteran, Pelocris sp.. By late
Cct ober, nunbers of Anphi poda and | sopoda had greatly
declined. A single nysid was al so collected. Although
anphi pods occurred nost frequently in the sanples,
di fferences between the total nunbers of each taxa
collected in the 1986 upper |agoon Ekman grab sanpl es
were barely significant (p = 0.05). Anphi poda, |sopoda
and Diptera | arvae were nost abundant with all other taxa
following. No significant differences were found between
the total nunbers of organisns collected at the upper and
| ower estuary/lagoon sanpling sites over the 1986 study
peri od.
Sanpl es collected in the | agoon during Septenber
1986 were obtained during a pilot study designed to test
the effectiveness of a bucket type substrate sanpler. O
the 20 containers installed, only nine were recovered.
Al'l containers were recovered fromthe upper |agoon but
one did not seal properly so its contents were di scarded.
Amphi poda accounted for nearly 50% of the organi sns
coll ected and were the nost abundant taxa (Figure 4)
(Appendi x D). Isopoda and the |arvae of D ptera and

Trichoptera were second nost abundant. No significant



di fferences in abundance were found anong the renaining
taxa. Estinmated nean densities for the total of all
organi snms col |l ected and each individual taxa are given in
Appendi x D. The overall estinmated density for all taxa
conbi ned was 38, 763 = 5,654 SD individual s per square
meter. Further calculations revealed a probability of

0. 10 that the 95% confidence interval was no w der than
280 organisns for the eight containers. Based on this
information and the tinme required to process the contents
of the containers, this was considered to be an adequate
sanple size. It was also determ ned that the bucket type
substrate sanpler collected nore species than the Ekman

grab (p < 0.004).

Lower Site 1987

Bucket type sanplers retrieved fromthe | ower |agoon
in July, 1987 contained nostly Trichoptera | arvae (Figure
5) (Appendix E). A few Anphi poda and ot her taxa
including diptera | arvae were al so col | ect ed.

D fferences between the taxa, however, were not
significant. August sanples were dom nated by Anphi poda
(p < 0.05) (Appendix F). Isopoda and al
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ot her taxa collected followed. These included snall
nunbers of Trichoptera and D ptera | arvae, Nematoda and
A igochaeta. The abundances of all taxa declined by over
50% i n Septenber (Appendix G . Anphipoda and | sopoda
were the nost abundant. |sopoda, however, were not
significantly nore abundant than other taxa coll ected
whi ch included Trichoptera and D ptera | arvae, Col eoptera
and Pl atyhel m nthes. |In Cctober, the occurrence of all
taxa increased dramatically (Appendix H . Anphi poda were
agai n nost abundant (p < 0.05). Al other taxa foll owed.
These i ncl uded |sopoda, Trichoptera |arvae, and
A i gochaet a.
No significant differences were detected between
t he bi onmasses of taxa collected in the |ower |agoon in
July. Trichoptera | arvae, however, had the | argest
nmean val ue and accounted for 82% of the total dry
wei ght bi omass (Figure 6) (Appendix E). Anphipods
conprised 13% of the total and Diptera | arvae 3%
Overal | biomass increased in August (Appendix F).
Anphi pods (73% contributed the nost bi omass fol | owed
secondly by all other taxa which included |Isopods (22%
and Trichoptera larvae (3%. Simlar overall bionass
was estimated in Septenber (Appendix G. No
significant differences were found between any taxa.
Anphi pods (66.5% exhibited the |argest nmean val ue
foll owed by |sopods (26.5% and
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Trichoptera | arvae(4% . Overall bionmass increased in
Cct ober (Appendix H). Biomass of Anphi poda (58% was
significantly greater than all other taxonom c groups
whi ch included isopods (19.5%, threespine stickleback
(13.19% and Trichoptera larvae (7% (p = 0.05).

Upper Site 1987

Amphi pods were clearly the nost abundant taxa
col l ected during upper |agoon sanpling in July (p < 0.05)
(Figure 5) (Appendix I). Al other taxa which included
D ptera and Trichoptera | arvae, |sopoda and Hydracari na
foll owed. Overall nunbers of organi sns increased sharply
i n August (Appendix J). Nunbers of anphi pods collected
were significantly greater than isopods and D ptera
| arvae which followed (p = 0.05). Nunerous other taxa
were al so coll ected including nemat odes, Trichoptera
| arvae, ol igochaetes and Hydracarina which followed in
abundance. Abundances of all taxa declined during
Sept enber (Appendi x K). Anmphi pods were nost nunerous
foll owed by isopods which were significantly greater than
all other taxa in abundance except Diptera |larvae (p <
0.05). Qher taxa collected included Trichoptera |arvae,
Nemat oda and | arvae of the pl ecopteran Capnia sp..
Nunbers of nobst taxa coll ected declined during Cctober,

except Anphi poda (Appendix L). Extrenely |arge nunbers



of tubificid oligochaetes were also present. digochaeta
occurred in nunbers significantly greater than all taxa
except anphipoda (p < 0.05). It was necessary to omt
the Aigochaeta fromFi gure 5 to prevent exclusion of the

ot her t axa.

Amphi pods (43.5% and Trichoptera |arvae (44% were
t he principal conponents of the estinated bi omass during
July in the upper lagoon (p < 0.05) (Figure 6). The
remai ni ng taxonom c groups followed. These included
D ptera larvae (6.5% and isopods (3.5% (Appendix I).
Overal |l biomass increased in August w th anphi pods
conprising a significant magjority of the total (50% (p <
0.05) (Appendix J). Isopods ranked second in bionmass
(32.5% followed by the remaining taxa which incl uded
Trichoptera (9% and Diptera |arvae (6% . Overall
bi omass in Septenber was simlar to that estimated in
August (Appendi x K). Anphi poda (38% and |sopoda (33%
contributed nearly equally to the biomass and were
followed by Trichoptera (19.5%. D fferences between the
bi omasses of |sopoda and Trichoptera | arvae were not
statistically significant. D ptera |arvae ranked third
in biomass and were followed by the remaining taxa. A
great overall increase of bionmass occurred in Cctober
(Appendi x L). digochaetes conprised the majority (76%
foll owed by Trichoptera (10.5%, Anmphipoda (9%, D ptera



| arvae (2% and |sopoda (2% . The biomass of A igochaeta
was significantly greater than that of I|sopoda,

Col eoptera, and Diptera | arvae but not Anphi poda and
Trichoptera (p < 0.05).

Overall Results from 1987

Overal | mean nunbers and densities of epibenthic
organi sns were significantly higher in the upper
estuary/lagoon (p < 0.001). Cctober was the nonth of
hi ghest abundance at the lower site. Nunbers on all
sanpling dates at the upper site were greater than for
July, August and Septenber at the lower site. No
significant differences were found between sanpling dates
at the upper site. No interaction between sanpling sites
and dates occurred.

Overall nean bi omasses of epi benthic organi sns
were also significantly larger in the upper
estuary/lagoon (p < 0.001). D fferences in nean bi omass
bet ween sanpling dates were barely significant (p =
0.05). No differences were detected between sanpling
dates at each individual site but August, Septenber and
Cct ober bi omasses in the upper estuary/lagoon were

greater than any in the | ower.



Pl ankt oni ¢ _Macr of auna

Lower Site 1986

Very few pl anktoni ¢ organi sns were collected in the
| ower estuary in June, 1986 (Figure 7) (Appendix M.
Hydracarina were the nost nunerous followed by
Trichoptera | arvae. Overal |l nunbers increased in early
July and the catch was again dom nated by Hydracari na.
Adult Col eoptera, Anmphipoda, D ptera | arvae and | sopoda
were also collected. A large increase in overall nunbers
occurred in late July. Anphi poda were by far the nost
abundant followed by followed by digochaeta and
nysi dacea. Hydracarina, D ptera | arvae, GCstracoda and
| sopoda were al so col |l ect ed.

Nunbers of organi sns col |l ected decreased by nearly
50%in early August. Msidacea were nost abundant
foll owed by Anphi poda. Hydracarina, D ptera |arvae,
A i gochaeta, threespine stickleback | arvae, |sopoda, and
terrestrial insects were also collected. A substanti al
i ncrease in overall nunbers was seen in | ate August.
Amphi poda were nost abundant by a great margin foll owed

by nearly equal nunbers of Msidacea
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and D ptera |arvae. |sopoda, Hem ptera, threespine
stickl eback |arvae and terrestrial insects were al so
collected. Simlar overall nunbers of organi sns were
coll ected in Septenber. Anphi poda were agai n the nost
abundant by a substantial margin foll owed by Mysi dacea.
D ptera | arvae and | sopoda occurred in nearly equal
nunbers. Hydracarina and threespi ne stickl eback | arvae
were al so col | ect ed.
Anphi poda were collected in greater nunbers than

all other taxa in the | ower estuary/lagoon over the
entire 1986 study period (p < 0.05). No significant

di fferences were detected between any ot her taxa.

Upper Site 1986

Pl ankt on sanpl es collected in June at the upper
site contained nostly Trichoptera | arvae (Figure 7)
(Appendi x N). Hydracarina, Msidacea, Anphipoda,
| sopoda and prickly sculpin (Cottus asper) |arvae were
al so collected. Overall nunbers of organisns were
greater in early July. Hydracarina dom nated the
sanple by a great margin foll owed by adult Col eoptera,
| arval and adult Diptera, Trichoptera |arvae (Oxyethria
sp. and Ithythricia sp.), and terrestrial insects.
Simlar nunbers of organisns were collected in |ate

July. Anphi poda were by far the nost abundant foll owed



by Mysi dacea, D ptera and Col eoptera | arvae and adults,
Hem ptera, |sopoda, Qdonata (Hetaerina sp.), and
t hreespi ne stickl eback | arvae.

Overal | nunbers of zoopl ankton declined
substantially in early August. Mysidacea and D ptera
| arvae occurred in simlar nunbers foll owed by
Anphi poda, Hydracarina, and terrestrial insects. A
remar kabl e i ncrease i n zoopl ankt on nunbers was seen in
| ate August. Mysidacea dom nated the sanple by a great
margin followed by Hydracarina, and D ptera |arvae.
Anphi poda, |sopoda, Copepoda, Hem ptera and terrestrial
I nsects were also collected. Nunbers declined
marginally in Septenber. Msidacea and Anphi poda were
t he nost abundant and were collected in simlar
nunbers. Diptera | arvae and | sopoda occurred | ess
frequently with simlar nunbers. Hem ptera and
Copepoda were al so col | ect ed.

Terrestrial insects collected throughout the 1986
zoopl ankt on sanpling included Hynmenoptera, Col eoptera,
Arachni da, and Hem ptera (Honoptera, G cadellidae -
| eaf hoppers). Mysidacea occurred in significantly
greater nunbers than all other taxa over the entire
1986 sanpling period with the exception of Anphi poda,
D ptera, and Hydracarina (p < 0.05). No significant
di fferences were detected between any ot her taxa.

There was no significant difference between overall



nunbers of organi sns or species collected at the upper

and | ower sites.

Lower Site 1987

D ptera | arvae, aquatic Col eoptera and Hydracari na
were collected in simlar nunbers during daytine
sanpling at the lower site in July (Figure 8) (Appendi X
O. Trichoptera | arvae, Copepoda, |sopoda,

A igochaetes and terrestrial insects were al so
collected. Geater nunbers of organisns were coll ected
i n August. Copepoda conprised the magjority foll owed by
Hydracarina, D ptera |arvae, Anphipoda and Col eoptera.

Simlar overall nunbers of organisns were
collected in Septenber. D ptera |arvae were the nost
abundant fol |l owed by Anphi poda. Fewer individuals of
several other taxa were also collected. A great
i ncrease in nunbers of organi sns was observed in
Cct ober. Ostracoda occurred nost frequently by a great
margi n over Hydracarina. Copepoda (Figure 9) and
Anphi poda were anong the other taxa collected. No
significant differences in concentration were found
bet ween the taxa the overall conbi ned study period (all

sanpl i ng dates).
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Trichoptera | arvae and Col eoptera conprised the
majority of the plankton biomass in July (Figure 10)
(Appendi x P). Overall bionmass declined in August
of which nearly all was Hydracarina. A |arge increase
was observed in Septenber. Msidacea contributed the
| ar gest anount of biomass fol |l owed by Anphi poda,
| sopoda and Hydracarina. Overall bionmass increased
again in Cctober. |Isopoda, Ostracoda and Hydracarina
conprised simlar fractions followed by Anphi poda. No
significant differences in bionmass were found between
the taxa for the overall conbined study period (all
sanpl i ng dates).

The nighttinme sanple collected in July contained
nost|y anphi poda (Figure 8) (Appendix Q. Diptera
| arvae, Copepoda, and Hydracarina were anong ot her taxa
collected. A great increase in plankton concentration
was observed in August. Copepoda (Figure 9) conprised
the majority by a great margin. Diptera |arvae,

Anphi poda, |sopoda and Hydracarina were al so col | ect ed.

Nunbers of Copepoda increased greatly again in
Sept enber. Anphi poda i ncreased nodestly whil e |Isopoda
remai ned at simlar concentrations and D ptera | arvae
declined fromthe previous nonth. A massive decline
occurred during Cctober (Figure 8). Copepoda again
dom nated the sanple (Figure 9).
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D ptera | arvae were anong other taxa coll ected.
Concentrations of Copepoda were significantly higher
than those of all other taxa over the conbi ned study
period (all sanpling dates) (p < 0.05). No significant
di fferences were found between the other taxa.

Fish larvae contributed nearly half of the July
bi omass (Figure 10) (Appendix R). D ptera |arvae,
Hydracari na, and Anphi poda followed. A large increase
in total biomass was observed in August. Copepoda had
the greatest bionass followed by D ptera and fish
| arvae, Hydracarina, Col eoptera and |sopoda. Overall
bi omass i ncreased greatly in Septenber as Copepoda
continued to bloom Hydracarina, Anphipoda, |sopoda
and Diptera |arvae al so contributed neasurabl e anounts.

In Cctober, total biomass declined dramatically.

Copepoda continued to account for the greatest
percentage. Diptera |arvae and other taxa conbi ned
contributed smaller proportions. Bi omass of
Copepoda was significantly greater than all other taxa
with the exceptions of D ptera | arvae and Hydracarina
for the overall conbined study period (p < 0.05). No
significant differences in bionmass were found between

t he ot her taxa.



Upper Site 1987

Dayti ne pl ankton sanples, collected at the upper
site in July and August, contained very few organi sns
(Figure 11) (Appendix S). Mst of those collected were
D ptera | arvae and Hydracarina. A very large rise in
zoopl ankt on vol une occurred in Septenber. Simlarly
| arge nunbers of Diptera |arvae and | sopoda accounted
for the majority. Anphipoda, Hydracarina and Gstracoda
and Trichoptera | arvae were anong several other taxa
collected. A sharp decline in zoopl ankton was observed
in Cctober. Ostracoda were the nost abundant fol |l owed
by Trichoptera |arvae. D ptera |arvae, Hydracarina and
other taxa also collected. No significant differences
in concentration were found between the taxa for the
overal | conbi ned study period (all sanpling dates).

Bi omass of the July sanple was bel ow the
nmeasur abl e quantity (Figure 12) (Appendix T). Several
taxa including Trichoptera and D ptera | arvae
contributed to the mnute bionass estinmated for August.

An extrenely large increase in overall bionmass was
observed in Septenber. |sopoda and Anphi poda were the
primary conponents contributing simlar |arge, anounts.

D ptera | arvae and Hydracari na were anong ot her taxa
to have neasurable quantities of biomass. A sharp
decline was noted in Qctober. Trichoptera |arvae,

| sopoda, GCstracoda, Diptera |arvae, and Hydracarina
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were the |eading contributors. No significant
di fferences in biomass were found between the taxa for
t he overall conbined study period (all sanpling dates).

Several taxa were collected during night sanpling
in July (Figure 11) (Appendix U. O these, Copepoda,
and the larvae of D ptera, Trichoptera and
Epheneroptera were the nost nunerous. Simlar
zoopl ankt on concentrations occurred i n August.
Representative taxa were al so very simlar.

A igochaeta, D ptera |arvae and Hydracarina were
present in the greatest quantities.

A large increase in zoopl ankton concentration was
observed in Septenber. Diptera |arvae were the nost
nunerous foll owed by |sopoda. Anphipoda, Ostracoda,
Hydracarina and Trichoptera | arvae were al so present.
Zoopl ankt on abundance i ncreased again in Cctober.
| sopoda were the nost nunerous by a substantial margin.

Anphi poda, Diptera and Trichoptera | arvae, Ostracoda
and Hydracarina were anong other taxa collected in

si gni fi cant nunbers.
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Concentrations of |sopoda were significantly greater
t han those of Msi dacea, Col eoptera, Epheneroptera and
(donata | arvae, Hem ptera, digochaeta, OCsteichthyes, and
terrestrial insects for the conbined study period (all
sanpling dates) (p = 0.05). No significant differences
were found anong the renai ni ng taxa.

Nurner ous taxa contributed to the small estinated
bi omasses of night sanples taken fromthe upper site in
July and August (Figure 12) (Appendix V). Fish, D ptera,
and Trichoptera | arvae contributed the |argest quantities
foll owed by Mysi dacea, A igochaeta and Epheneroptera
| arvae. Overall bionmass increased substantially in
Sept enber. Anphi poda and | sopoda were the | eading
conmponents followed by D ptera | arvae and the renaini ng
t axa.

Juvenil e threespine stickleback collected during
ni ght sanpling at the lower site in Cctober had the
hi ghest estimated nean bi onmass of the entire study by a
wide margin. Thirty-five individuals, ranging in size
from11-35 millineters were collected (Appendix W. The
estimated bi omass of stickl eback was 1.1 grans dry
wei ght/ cubic nmeter. This quantity was too large to
include in Figure 12. | sopoda was the next |argest
contributor of biomass followed by Trichoptera | arvae,
M/si dacea and the renaining taxa. Although the biomass

of threespine stickleback was quite | arge, no significant



di fferences were found between the taxa the overall

conbi ned study period (all sanpling dates).

Overall Results from 1987

No significant differences in overall zoopl ankton
(all taxa) concentrations (# n’) were found between
collection dates, sites or diel periods. The nunber of
taxa coll ected was significantly larger in the upper
| agoon (p < 0.03). No differences in nunber of taxa
coll ected were found between dates and diel periods. No
interaction was found to occur in concentrations,
bi omasses, or nunbers of taxa coll ected between any of
the dates, |ocations or diel periods.

Differences in overall biomass (all taxa) between
sanpling dates were marginally significant with October
being the larger of the four (p = 0.05). No significant
di fferences were detected between the other three dates

or factors (location, diel period).



Juveni |l e Chi nook Sal non
Feedi ng Habits

A conpl ete phylogenetic list of taxa identified in
t he stomachs of juvenile chinook salnon is given in
Appendi x X. Results of diet preference anal yses (Johnson

1980) are shown in appendi xes HH and I1.

1986

Juveni | e chi nook sal non collected in |ate June had
consuned nostly diptera adults and |arvae (Figure 13)
(Appendi x Y). Terrestrials (nostly arachnida), adult
hem ptera, and col eoptera were anong ot her prey types
consuned in significantly | esser nunbers (p < 0.05).
Further analysis, based on prey abundances, determ ned
that diptera, terrestrials, and col eoptera were preferred
significantly over the remaining taxa (p < 0.05) (Appendi X
HH). Vol unmes of the food types consuned were not
significantly different (Figure 14) (Appendix Y).

In early July, chinook had consuned | arge nunbers of
diptera adults, larvae and terrestrials (Appendi x Z).
Nunbers of terrestrials consuned were greater than al
remai ning taxa with the exceptions of adult col eoptera
and hem ptera (p = 0.05). Terrestrials were preferred
significantly over all other prey types. Hemptera,

di ptera, and epheneroptera were preferred second (p <

0.05). Differences between volunes of the food types
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consuned were not significant.

Juvenil e chinook collected in late July had consuned
di ptera | arvae and adults al nost exclusively (Appendi x
AA). No differences in nunbers consuned were found anong
the remaining taxa . Al prey categories were preferred
significantly over anphipods. No other preferences were
found anong the food types (p < 0.05). O all prey
itens, only diptera | arvae and adults were present in
si gni fi cant vol unes.

No significant differences were found between nean
nunbers of consuned prey itens in early August (Appendi X
BB). Hem ptera, nysidacea, and anphi poda conprised the
majority of the chinook diet. Col eoptera, epheneroptera,
di ptera and hem ptera were preferred over anphi poda,
nysi dacea and the remaining taxa (p < 0.05). Col eoptera
and epheneroptera, however, occurred infrequently in the
diet. Volumes of prey categories were not significantly
different. Anphi poda, hem ptera and nysi dacea accounted
for nost of the overall nean vol une.

Mean nunbers and vol unes of prey organi sns dropped
sharply in |late August (Appendix CC). D ptera adults and
| arvae were consuned in nunbers significantly greater
than the remaining taxa (p < 0.05). Col eoptera and
epheneroptera were again consuned i nfrequently but found
to be preferred over the remaining taxa (p < 0.05). Mean

vol unmes of the prey types consuned were not significantly



different.

For the overall 1986 study period, D ptera | arvae
and adults were consuned in significantly greater nunbers
than the remaining taxa. Juvenile chinook collected in
early July had consuned significantly greater nunbers of
prey organi sns than those in |ate August but not the
other three sanpling dates (p < 0.01). Terrestrials and
hem ptera were the overall preferred prey itens (p <
0.05). Col eoptera, diptera and epheneroptera foll owed
next. The nunber of prey species consuned in early July
was greater than in late July and August but not for the
other two sanpling dates (p < 0.01).

Mean vol unes were not significantly different
bet ween the prey categories. Overall volunes consuned in
early July and August, were significantly larger than
t hose of |ate August but not the other two sanpling

dat es.

1987

Juveni | e chi nook collected in June had consuned
nostly diptera |arvae and adults (Figure 13) (Appendi x
DD). No significant differences were found between mnean
nunbers of other taxa consunmed. Epheneroptera and
hem ptera were preferred over all other prey itens in
nunbers followed by terrestrials (p < 0.05) (Appendix

I1). No differences between nean vol umes of the prey



types consuned were found (Figure 14). D ptera, however,
were determned to be preferred by vol une based on the
anount available in plankton sanples (p < 0.05).

St omachs of chinook collected in July contained
di ptera | arvae and adults al nost exclusively (Appendi x
EE). No differences in nmean nunbers consunmed were found
between the remai ning prey types. Anphi poda, however,
were the preferred diet conponent by nunber based on prey
availability (p < 0.05). D ptera was the only category
present w th nmeasurabl e volunme thus naki ng t hem nost
abundant and preferred by vol une.

I n August, overall nmean nunber of prey organi sns per
stomach increased sharply. D ptera |arvae and adults,
epheneroptera | arvae (nostly Baetis sp. and Stenonena
sp.) and hydracarina were present in significantly higher
mean nunbers than the remaining prey categories (p <
0.05) (Appendix FF). |sopoda and epheneroptera were the
preferred diet conponents by nunmber (p < 0.05). No
significant differences were found between nean vol unes
of the identified food types. No individual prey
category was preferred over any other by vol une.

D ptera larvae and adults were present in the
greatest nunbers in Septenber (Appendix G5 (p < 0.05).
No significant differences were found between other prey
types. Terrestrials were preferred in nunbers over the

ot her categories by a great margin (p < 0.01). Al though



t he volune of diptera consuned was significantly |arger
than other taxa (p < 0.05), terrestrials were again found
to be the preferred diet conponent (p < 0.05).

D ptera larvae and adults clearly were consuned in
t he greatest nunbers over the entire 1987 study period (p
< 0.025). No significant differences were found between
any of the other prey categories. Juvenile chinook
coll ected in August and Septenber consumned significantly
greater nean nunbers of prey organi sns than those of June
and July (p < 0.05). No differences in nunber of prey
categories consuned were found between sanpling dates.
Terrestrials and epheneroptera were determned to be the
overal |l preferred diet conponents by nunber (p < 0.05).
D fferences between overall nean vol unes of i ndividual
prey categories were not significant. Overall nean
vol unmes of prey itens (all taxa) found in chinook
stomachs col l ected in August and Septenber were
significantly greater than those of June and July (p <
0.005). Diptera were the preferred di et conponent by
volunme (p < 0.05). Qher itens found in the stonmachs of
juveni |l e chinook over both study periods included small
pi eces of gravel, bird feathers, green al gae and ot her

pl ant material including |eaves, and wood.



DI SCUSSI ON

Estuari es and coastal |agoons, especially snaller
ones (such as the Mattole), are rapidly changi ng, highly
dynam c systens and their biology cannot be understood
except wthin the framework of their formation, evol ution
and subsequent decline (Barnes 1980). The bi ol ogi cal
community of the Mattole River estuary/lagoon appears to
be greatly influenced by physical and chem cal events
t hroughout the period of juvenile chinook sal non
residency (late spring - early fall). These events
i nclude timng of bermclosure, seawater overwash during
hi gh tidal cycles and/or heavy surf, tenperature,
salinity, dissolved oxygen, w nd, and the eventual
breachi ng of the bar.

The biota of this ecosystemresponds to the
dynam ¢ physi cal environnment through changes in
production, reproduction, conpetition, predation,
nortality, and species conposition. Hi storical evidence
suggests that human activities in the estuary/lagoon, and
el sewhere in the Mattole River drainage, have hel ped
shape the current structure of the physical environnent
and its ecological community. Separate discussions of the
epi bent hos, pl ankton and juvenil e chi nook food habits

studi es foll ow



Epi bent hi ¢ _Macr of auna

Nunbers of epibenthic organisns collected at the
| ower site in 1986 increased gradually fromlate June
through July (Figure 4). A decline was observed i n August
whi ch continued through Cctober. Nunbers of Corophi um
also followed this pattern. No significant correlations
were found between changes in nunbers collected and the
physi cal environnment (tenperature, salinity, dissolved
oxygen concentration) (Appendix JJ). Vigorous wi nd m xing
and acconpanyi ng bottom scouring may have contributed to
t he decline observed in August. After breaching of the
bermin Septenber, tenperatures bel ow 14.00C and greatly
i ncreased stream fl ows probably conbined to cause the
further decline of Corophiumseen in Cctober.

At the upper site, nunbers of epibenthic organisns
i ncreased on each sanpling date from June through
Septenber (Figure 4). A sharp decline was experienced in
Cct ober. Corophiumagain followed the trend of the
overal | conmunity. No correl ati ons between physical or
chem cal factors and organi sm abundance patterns were
found (Appendix JJ). H gh tides and vigorous w nds caused
| arge vol unmes of seawater to wash over the sand bar into
the lagoon in the |ate summer and early fall before
breaching of the berm H gh winds fromthe northwest

pushed plunes of seawater into the upper |agoon (Busby et



al . 1988).
Wnd m xi ng and scouring were not observed at the upper
site which was sheltered fromthe preval ent northwest
wi nds by Moore Hill (Figure 3). Lack of wind m xing at
t he upper site sonetines allowed a dense | ens of seawater
on the bottomto absorb heat at a greater rate than the
| i ghter freshwater above it due to density and opti cal
properti es. Thi s phenonenon is known as merom xi s
(Li chatowi ch and Ni chol as 1985).

I nverse thermal stratification was observed on two
occasions at the upper site in 1986 including Cctober 22.
These conditions can persist over 24 hours and are often
acconpani ed by | ow di ssol ved oxygen concentrati ons (Busby
et al. 1988). Persistent nmerom xis followed by greatly
i ncreased streamflow were likely the | eading factors
accounting for the decline in nunbers of epibenthic
organi snms observed in Cctober

Densities of epibenthic organisns at the |ower site
i ncreased noderately fromJuly through August 1987 (Figure
5). A decline was observed in Septenber followed by a
| arge increase in Cctober. This patternis quite
di fferent than the one observed in 1986. Corophi umdid
not becone the dom nant conponent of the community until
August. Bi omasses of epibentic organisns followed the
sane trends as densities (Figure 6).

No correl ati ons between changes in densities or



bi omasses of epi benthic organi snms and physical or chem cal
factors were found (Appendi x KK). Conditions for

epi bent hi ¢ organi sns apparently were nost favorable in
Cctober at the |lower site.

A nearly identical pattern of change in benthic
macr of aunal densities occurred at the upper site during
1987 (Figure 5). Corophium however, were only the
dom nant conponent of the community until Cctober when an
extrenely large increase of tubificid oligochaetes
occurred (omtted fromFigure 5 due to scale). Bionasses
closely followed the pattern of density (Figure 6).

Densities of Corophiumwere weakly correlated with
di ssol ved oxygen concentrations in the upper |agoon at
maxi mum depth (R = 0.91) (Appendix KK). Meronictic
condi tions were not observed in 1987 but dissol ved oxygen
concentrations bel ow 3.0 ppm were neasured at ni ght and
5.0 ppmduring the day (Busby et al. 1988). Low dissol ved
oxygen concentrations at night resulted fromrespiration
by | arge anounts of benthic al gae (Busby et al. 1988).
This was perhaps the principal factor contributing to the
observed decline of Corophiumand the great increase of
ol i gochaet es.

Studies reporting densities and bi omasses of
epi benthic invertebrates in estuaries of small coastal
drainages in northern California, Oegon and WAshi ngton

are few Reinmers et al. (1979) reported densities of



Cor ophi um rangi ng from 2, 125-33, 671 i ndi vi dual s/ nf (nmean
12,351 110,789 SD) in the Sixes R ver estuary, Oegon
(May 30 - Sept 10, 1979). The largest densities were
estimated in late June. Gegory (1980) reported densities
of Corophi umranging from 280 - 23,700 individual s/nf at
three sites in the Mad R ver estuary, California during
Cct ober 1980.

These two systens are simlar to the Mattole
estuary in that they are bar built and soneti nes cl ose.
The occurrence and duration of nouth closure in these
ot her estuaries, however, is considerably |ess and
sonetinmes lasts only a single tidal cycle. Densities of
Corophiumin at the two sites in the Mattol e estuary
ranged from 244 - 5,600 individuals/nf during the 1987
study period. Peak abundances of Corophium occurred in
Cctober at the lower site and in August at the upper.

Mean salinities are considerably higher and the salt wedge
usual Iy intruded further upstreamin the Sixes and Mad

Ri ver estuaries (Reinmers 1973, Gegory 1980). Prol onged
exclusion frommarine influences (eg. increased
tenperatures, reduced salinity and marine inputs of
organi ¢ carbon) probably accounted for the | ower nunbers
of Corophiumfound in the Mattole River estuary during the
sunmer nont hs.

I nt er-estuari ne conparisons, however should be nade

with extreme caution. Large variations have been observed



i n popul ati ons of estuarine organi sns between systens and
fromyear to year (Sinenstad and Wssmar 1984). Numer ous
physical factors including timng and vol une of river

di scharge, and the degree and duration of coastal
upwel I'i ng near marine-influenced systens, can contribute
to the variability.

In the previous exanple, the studies of the
Mattol e, Mad and Si xes estuaries di scussed were conduct ed
in different years with different sanpling equipnent. It
shoul d be noted that estinmated densities of Corophium
coll ected during the Septenber 1986 bucket type substrate
sanpler pilot study were 18,798 [0 3685 SD which is simlar
to the higher nunbers reported for the Mad R ver estuary
in 1980 (Gegory 1980). It is also significantly greater
than the estimted density of 4,376 [ 2214 SD i ndi vi dual s
of Septenber 1987 (p < 0.02). Overall densities including
all taxa were greater in Septenber 1986 (p < 0.01). This
suggests a high degree of inter-annual variability in the
densities of epibenthic macrofauna in the Mattole R ver
Estuary. In this conparison, identical sanpling gear was
used.

A few probl ens encountered during the epibenthic
sanpling are worth nmentioning. Loss of 12 of the 20
sanpl ers during the 1986 pilot study, greatly reduced the
capability to estimate the sanple size needed for 1987.

The estinmation nmethod used gave a sanple size adequate to



esti mat e mean abundances but not to detect differences

bet ween sanpling sites and dates. Had sanplers fromthe

| ower site been retrieved and nore than one nonth sanpl ed,
sanpl e size required for two factor ANOVA (sanpling site
and date) could have been estinmated based on the desired
power of the test using the nethods of Kirk (1968) as
shown in Zar (1984 pages 227-228).

Further analysis, using the error M5 fromthe 1987
epi bent hi ¢ study, reveal ed that doubling sanple size (16
total, 8 fromeach site on each date) will allow a 96%
probability of detecting differences as |ow as 100
organi sns per nf between sanpling dates. The probability
of detecting the sanme difference between sites with 8
sanpl es, however, is only 62% Thus nore significant
differences in densities between the taxa of epibenthic
organi sms may have been detected had nore sanpl es been
col | ect ed.

Densities of epibenthic organisns in the upper
estuary/l agoon are probably overestimated as surface area
added fromthe irregul ar shapes of gravel and cobble were
not taken into account. Only the length and width of the
contai ner was used to cal cul ate surface area sanpl ed.
Three sanpl es, one during the 1986 pilot study and two
fromJuly 1987 were di scarded because of inproper sealing
of lids during retrieval. Containers of another design

shoul d probably be used in future studies unless adequate



nodi fi cations can be nmade to alleviate this problem

Pl ankt oni ¢ _Macr of auna

After closure of the sandbar occurs in the |ate
spring or early sumrer, a slow transition from an
estuarine to a freshwater plankton comunity takes place.

This process appears to be conplete by late July or early
August in the | ower |agoon and | ate August or early

Sept enber in the upper |agoon. Rising plankton
concentrations and bi omasses signify the establishnment of
the new community. A simlar process on a |larger vol une
and longer tinme scale (years) is often observed after the
filling of a newreservoir. A substantial anount of tine
is required for planktonic organisns to begin col oni zi ng

t he new body of water.

Absence of Corophiumin the plankton until the end
of July or later suggests the beginning of a reproductive
or recruitnent period. Visual inspection reveal ed that
Cor ophi um col | ected i n zoopl ankt on sanpl es were usual ly
smal | er than those found in the epibenthos. These
j uveni | e Corophi umundergo vertical mgrations probably as
a di spersal nechani smwhich mnimzes intraspecific
conpetition and ensures col oni zation of adjacent habitats
(Nicholas et al. 1984). These vertical mgrations begin
after sunset.

Adult Corophium which is primarily an epi benthic



tube dwel | i ng anphi pod, also mgrate into the upper water
colum at night during periods of reduced or absent
nmoonl i ght (Nicholas et al. 1984). Adults, however, were
observed far less frequently than juveniles in the Mattole
Ri ver Lagoon plankton. Adult and juvenile Corophiumare
never found in the water colum at the sane tinme (N chol as
et al. 1984). Adult Neonysis and Grori nosphaeroma al so
made vertical mgrations at night. Aquatic insect |arvae
and adults present in plankton sanples represented drift.
No ot her statistically significant correlations
were found between changes in the abundances and bi onasses
of planktonic organi sns and tenperature, salinity or
di ssol ved oxygen concentrations in 1986 (Appendix LL).
Dayti me concentrations of zooplankton in the | ower |agoon
were strongly correlated with salinity in 1987 (Appendi X
MM . Concentrations of zooplankton in the | ower |agoon
were greater when vigorous wind m xi ng was suspendi ng
bottom sedinments in the late sutmmer and early fall. This
event has been docunented as being inportant in the
recycling of organic nutrients and detritus settled on the
bottom and it enhances production of zoopl ankton (Tenore
1977, Barnes 1980, Sinenstad 1983). Seawater washi ng over
the bar during high tides also seenmed to enhance the
producti on of zooplankton in the lagoon. This is probably
due to the nutrient rich character of this cooler

upwel | ed coastal water



Esti mates of zoopl ankton concentrations and
bi omasses in the upper |agoon nmay be high. Because of the
shal | ow dept hs, organisns on the bottom nay have been
stirred up by the boat propeller and collected in the net.
This woul d be nost probable in the |ate sunmer nonths

when mi ni num dept hs occurred (Busby et al. 1988).

Al'l of the factors which nmay contribute to the
i nter-annual variability seen in popul ati ons of epibenthic
organi snms may al so affect zooplankton. In fact,
pl ankt oni c organi sns are often nore sensitive than benthic
animals to changes in the physical and chem cal

characteristics of the environnent.

Feedi ng Habits of Juvenile

Chi nook Sal non

Juvenil e chinook collected during June, 1986 fed on
pl anktonic or drifting prey itens such as terrestrials,
swi mmi ng hem ptera, diving coleoptera and diptera | arvae
and adults (Figure 13, Appendix X). Terrestrial insects
and hem ptera were the preferred prey organi sns for the
overal |l 1986 study period (Appendix HH). Selection
(usage) did not closely follow availability of prey in the
pl ankton (Figures 7 and 13).

Juveni |l e chi nook collected in 1987 exhibited

somewhat different feeding behavior than what was observed



in 1986. Epheneroptera |arvae and terrestrial insects
were preferred by nunber for the overall 1987 study period
(Appendix I1). Diptera |larvae and adults conprised nost
of the volunme (p < 0.05) (Figure 14). Selection (usage)
of prey organisns followed availability of plankton nore
closely in 1987 than in 1986 (Figures 7-14).

D fferences between nean nunbers and vol unes of
prey organi sns consuned in late June, July and August of
1986 and 1987 were not statistically significant
(Appendi xes Y-G5. A significant interaction between
nonth and year collected was detected for both nunbers and
volunmes (p < 0.05). This neans that both the nonth and
year of collection together contributed to differences
observed in the overall nmean nunbers and vol unes of prey
items consuned. Mean nunbers of prey categories (species)
consuned were not significantly different over these sane
dates. Mean fork | engths and wei ghts of juvenile chinook
collected in 1986 were significantly larger than 1987 (p <
0. 001) (Busby et al. 1988).

Juveni |l e chi nook depended heavily on all ocht hnous
food (terrestrial and aquatic insects, diptera |arvae and
adults) fromw ndborne and riverine drift sources in early
1986. This was a period of peak juvenile chinook
abundance (Busby et. al. 1988) and | ow zoopl ankt on
concentration. Later in the study period (early August),

diet shifted to autochthonous sources (Hem ptera, juvenile



Cor ophi um and Neonysis). This indicates that feedi ng was
nostly neustonic and sonetinmes just bel ow the surface or
at md depths. There is no indication that any epibenthic
feedi ng occurred during the 1986 study peri od.

Juveni l e chinook collected in 1987 relied nore
heavily on drift than in 1986. This was shown by the
| ower occurrences of terrestrial insects (a preferred food
type) in the 1987 diet. 1In addition, diptera |arvae
conprised a sonewhat greater proportion of the diet
t hroughout 1987 (Figures 13 and 14). No dramatic shifts
in diet were observed with the exception of an increase in
consunpti on of epheneroptera | arvae, isopoda and
hydracarina in | ate August. There was no indication of
epi bent hic feeding by juvenile chinook sal non during the
1987 study peri od.

Despite their often high |evels of abundance,
Cor ophi umwere infrequently found in chinook stonachs.
This may be due to cyclic availability. Field and
| abor at ory observations suggest that only 0.1 to 2.5% of
t he epi bent hic standing crop of Corophiumare out of their
tubes and visible to feeding fish at any given tine
(Reiners et al. 1979). These val ues are probably
substantially less in the Mattol e | agoon where a dense
al gal mat covers the bottom effectively obscuring any
epi benthic prey fromview Because of these conditions,

epi benthic feeding is probably inpossible or at best



difficult in the | ower | agoon where juvenile chi nook were
coll ected and observed (Busby et al. 1988). This suggests
t hat feeding on Corophiumonly occurs during periods of
vertical mgration which were described earlier.
Preference anal ysis reveal ed that Corophi um were
often avoi ded as a food resource by juvenile chinook
(Appendi xes HH and I1). Laboratory studi es have shown
t hat Corophi um di splay an interesting defense behavi or
which may further reduce their desirability as prey
(Reiners et al. 1979). Wen an adult Corophi um was
grabbed by a fish, it usually assuned a "spl ayed" posture,
extending its first antennae up and out and its second
ant ennae down and out, making it very difficult for young
salnon to ingest. The spiny antennae of Corophiumin this
position often hook around sal nron nouth parts or becone
wedged in the esophagus of the fish. Corophium were
frequently observed being regurgitated by young sal non
several mnutes after ingestion and wal ki ng away unhar ned.
Al t hough Cor ophi um were found to be the nain
conponent in the diet of juvenile chinook sal non during
several studies in the Sixes R ver estuary, O egon
(Nicholas et al. 1984) this was not the case in the
Mattol e estuary\l agoon. Studies on the Redwood Creek
estuary, Hunbol dt County, California, a systemwth
physi cal characteristics to those of the Mattole, reveal ed

that juvenile chinook relied nostly on drift organi sns,



especially in the spring and early sumer (Larson 1987,
Sal anunovi ch 1987).

Terrestrial insects were also a very inportant
conmponent of the diet in the Redwood Creek estuary as was
found in the Mattole. Sal amunovich (1987) reported a
shift fromterrestrial insects to diptera as was observed
in the Mattole in 1986. Pearce and Meyer (1982) reported
a shift in chinook diet fromspiders and diptera to |arger
crustacea such as Corophi um and Neonysis at a fork | ength
of about 70mm This seens to have occurred in the Mattol e
estuary in 1986 but not 1987. Seawater washi ng over the
bermduring high tides in |ate summer 1986 nmay have
i nfl uenced the observed shift in diet.

Juveni | e chi nook have been docunented to use a w de
variety of feeding strategies. Benthic feeding was
denonstrated by Reiners et al. (1979) and N cholas et al.
(1984) in the Sixes R ver estuary, Oregon. Reliance on
drift was shown by Sal anunovi ch (1987) in the Redwood
Creek estuary, California and the Mattole (this study).
Kjel son et al. (1982) denonstrated the inportance of
pl anktoni c crustacea in the diet of juvenile chinook in
t he Sacranento, San Joaquin delta. The inportance of
zoopl ankt on was al so denonstrated in the Col unbia R ver
estuary by Craddock et al. (1976) and McCabe et al.

(1986).

Geographic differences in feeding strategies



suggest that physical characteristics of the environnent
probably influence the feeding strategy used. Feeding of

j uveni | e chinook has been denonstrated to vary over tine
and between habitats within the sanme system This was
substanti ated by Heal ey (1980, 1982) who found tenporal and
spatial differences in juvenile chinook diet in the
Nanai no River estuary, B.C., Canada. MCabe et al. (1986)
found that subyearling chinook of varying sizes
differentially utilized habitat types and food resources
in the Colunbia R ver Estuary.

Partitioning of habitat and food resources between
several juvenile sal nonid species including chinook was
denonstrated by Macdonald et al. (1987) in the Canpbel
Ri ver estuary B.C., Canada. |In the Redwood Creek estuary,
juveni |l e steel head consuned nostly epi bent hi c macr of auna
whil e chinook relied primarily on drift (Sal anunovich
1987). This was also the case in the Mattol e estuary.

D rect observations and sanpling have reveal ed that few
juvenil e chinook utilize the upper estuary/lagoon which is
heavily popul ated with steel head (Busby et al. 1988,
Zedoni s and Barnhart 1989). Large quantities of potenti al
epi benthic prey organisns were present in that habitat.

Surface area and depth probably play an inportant
role in the determ nation of juvenile chinook feeding
strategy. Pl anktonic crustacea appear to be nost

i mportant in |arger, deeper estuaries such as the Col unbia



(Craddock et al. 1976, McCabe et al. 1986), the
Sacranment o- San Joaquin delta (Kjelson et al. 1982), and

t he Canpbell River estuary B.C Canada (Macdonald et al.
1987). In smaller, sonetines closed systens such as the
Mattol e River and Redwood Creek estuaries, the absence of
mari ne i nputs of organisns, detritus and other sources of
organi ¢ carbon probably magnifies the inportance of
riverine sources.

Downstream m grating juvenile chinook salnon in the
Mattole River arrive to a relatively food-barren estuary
or lagoon in the late spring and early summer. The nunber
of chinook that are forced to rear in the | agoon through
t he summer nont hs appears to be a function of the timng
of bar closure which depends on river discharge. In years
of early closure (late May, early June) |arge nunbers of
chi nook are trapped behind the bar and subsequently
experience great nortality and periods of suppressed
growt h (Young 1987, Busby et al. 1988). This is because
peak periods of zooplankton and drift abundance |ag behi nd
peak abundances of juvenile chinook. In years of later
berm cl osure, fewer juvenile chinook were present
suggesting that a greater proportion were allowed to enter
t he ocean (Barnhart and Young 1985, Barnhart and Busby
1986, Zedonis and Barnhart 1989). Lagoon resident chinook
in 1984, 1986, and 1988 experienced | ess dramatic

nortality rates and grew nore rapidly and to | arger sizes



than in 1985 and 1987. A prelim nary exam nation of
scales fromreturning adults suggests that the nmajority of
t hese Mattol e chinook were not estuary or |agoon residents
(H nkson 1987).

The interannual variability in nortality and growth
denonstrates the limted capacity of the Mattol e estuary
to produce juvenile chinook. True estuaries have been
denonstrated to be habitats capabl e of enhancing the
growt h and oceani c survival of juvenile chinook (Reiners
1973, Heal ey 1980, Sinenstad et al. 1982). Having an
opening at all tinmes, a true estuary allows chinook to
out m grate when environnental stresses begin to reduce
growh or inflict nortality.

This interannual variability in nortality and
growt h of juvenile chinook al so shows the limted carrying
capacity of the Mattol e estuary/lagoon. Actual "carrying
capacity" of the habitat depends on physi cal
characteristics such as timng of bermclosure, w nd, and
oceani ¢ upwel Ii ng anong ot her factors previously
mentioned. This "capacity" to support popul ati ons of
anadranous sal nonids varies fromyear to year and was
obvi ously exceeded in 1985 and 1987 as high nortality and
poor growth were experienced (Young 1987, Busby et al.
1988). This was further evidenced in 1987 as mean nunbers
and volunes of prey itens in chinook stonmachs increased as

chi nook popul ati on size decreased and grow h i ncreased



(Figures 13 and 14) (Busby et al. 1988). This suggests
great conpetition for food resources at high popul ation
densiti es.

I nterannual variability in estuarine and oceanic
productivity may |imt our ability to enhance sal nonid
popul ati ons (Sinenstad and Wssmar 1984). For exanpl e,
feedi ng overlap and conpetition between wild and
i ntroduced hatchery stocks may be of concern as growth and
survival may be limted when sal nonid popul ation | evel s
exceed the carrying capacity of the estuary (Reiners 1973,
Rei mers 1978a, Reinmers and Concannon 1977, N cholas et al.
1979, Meyers and Horton 1982, Sinenstad et al. 1982). 1In
this case, the release of |arge nunbers of hatchery fish
to enhance adult returns could produce negative inpacts on
both wild and hatchery sal non stocks and food organi sm
communities during a year of bel ow normal estuarine or
oceani ¢ productivity.

Recent observations and experinental evidence
suggests that salnonid fishes in small coastal drai nages
and their estuaries can experience high nortality from
predati on and environnental stresses. Wod (1978a, b)
found that common nergansers (Mergus nerganser) consuned
24-65% of the wild coho sal non production fromtwo coastal
streans on Vancouver Island B.C., Canada. Macdonald et
al. (1988) found that juvenile chinook in the Canpbell

Ri ver estuary B.C., Canada, were extrenely vulnerable to



predation by a variety of seabirds. It was also found

t hat osnoregul atory stresses from prenature encounters
with saline water induced sone nortality (Macdonald et al
1988). Sudden changes in salinity from seawater washi ng
over the bar may produce simlar effects in the Mattol e

| agoon.

Sanpling and direct observations in the Mattol e and
ot her estuaries reveals that cooler, deep water habitats
with neasurable salinity are the preferred habitats of
juvenil e chinook salnmon (Reiners et al. 1978, Macdonal d et
al . 1987, Busby et al. 1988). This habitat is in short
supply in the Mattol e estuary/lagoon. Hi storical accounts
reveal that the Mattol e estuary was once nuch deeper and
perhaps | arger than at present (Roscoe 1977). Subsequent
filling of the estuary with suspended and bedl oad
sedi ments from geol ogic activities, often accel erated by
human activities upstream greatly reduced the ability of
the intruding tidal prismto scour and renove this
material. Seasonal closure of the mouth is the result of
this excess sedi nentation, waves, |ongshore transport and
ot her factors which have been recently denonstrated in the
Eel River delta (U S. Soil Conservation Service 1989). A
managenent plan to reduce sedi nent | oading, restore tidal
flushing and thus deepen the Eel delta is currently being
undertaken by the U S. Soil Conservation Service and the

Eel River Resource Conservation District (U S Soil



Conservation Service 1989). |[If successful, this program
shoul d restore deep water juvenile chinook habitat in that
system Simlar actions should be considered for the
Mattol e River estuary to expand the anount of quality
juvenil e chinook sal non rearing habitat. The inportance
of terrestrial insects in the diet of chinook collected in
early 1986 suggests that enhancenent projects designed to
i ncrease the anmount of riparian vegetation surrounding the
estuary woul d al so be of substantial benefit to juvenile

chi nook.
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Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,
Mattol e Ri ver Estuary/Lagoon, California. Taxonom c Sources: Smith and Carlton eds. (1975); Borror et al
(1981); Barnes (1980); Merritt and Cumrins eds. (1984). (X - Designates Benthic, O - Pl anktonic,

Col | ection).

Scientific Nanme Comon Nane June July Aug Sept Oct 1986 1987
l. Pl at yhel mi nt hes Fl at wor s
Turbellaria
Seriata
Tricladia Pl anari ans X X X X
I1. Nematoda Roundwor ns X X X0 X XO
I11. Annelida Segnent ed wor ns
A i gochaeta X XO 0] X O X XO
Tubi fi ci da
Tubi fi ci dae 0] 0] X 0] X
IV. Mollusca Mol | uscs
Gast ropoda Snails, linpets X X
Neogast r opoda
A ividae 0] 0]
AQivella
bi plicata X X
V. Art hr opoda
Chel i cerata Chel i cerates
Ar achni da Spi ders, nites, 0] X0 @] X0
ticks
Acari na Mtes, ticks

Hydracari na Aqutic Mtes 0] X0 X0 X0 X0 XO X0



Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,

Matt ol e Ri ver Estuary/Lagoon, California. Taxonom c Sources:

(1981); Barnes (1980); Merritt and Cummi ns eds.
Col | ection) (continued).

(1984). (X -

Smith and Carlton eds.
Desi gnat es Bent hi c,

(1975); Borror
O - Pl anktonic,

Scientific Nane Common Nane

June

July Aug Sept

Oct

1986 1987

Crust acea Crust aceans
Ostracoda Seed Shrinp
Copepoda Copepods

Cal anoi da
Acartia cl ausi
Cycl opoi da
Cycl ops sp.
Mal acostraca
Mysi dacea
Mysi dae Opossum Shri np
Neonysi s
nmer cedi s
| sopoda | sopods
Sphaer omat i dae
Gnor i nosphaer oma
or egoni ensi s
Oni sci dae
Poricello sp.
Amphi poda Amphi pods
Cor ophi i dae
Cor ophi um
spi ni cor ne

X0

X0

X0

X0

XO

X0

X0

XO

XO

X0

XO

X0

X0

XO

XO

XO

X0

X0

XO

XO

XO

X0

XO

et al.



Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,
Mattol e Ri ver Estuary/Lagoon, California. Taxonom c Sources: Snmith and Carlton eds. (1975); Borror et al.
(1981); Barnes (1980); Merritt and Cumrins eds. (1984). (X - Designates Benthic, O - Pl anktonic,

Col | ection) (continued).

Scientific Nanme Comon Nane June July Aug Sept Cct 1986 1987

Ganmar i dae
Eogammar us

conf ervi col us XO XO X0 XO XO XO
I nsecta I nsects
Col eoptera Beet | es 0] @] @] @]
Chrysonel i dae X X
Dyti sci dae 0] @] @] @]
Oreodytes sp. 0] X0 X X0 X0
El m dae 0] 0]
Heterl i mius sp. X X XO O X XO
Zai tzevi a sp. X X X0 XO X X0
Hydr ophi | i dae X o o XO
Di ptera True Flies X0 X0 X0 XO X0 X0
Chi r onomi dae M dges X0 0] X0 0] X0 X0
Cul i ci dae Mbsqui t os XO o XO XO
Si mul i dae Riffle Flies 0] X XO X
Ti pul i dae Crane Flies XO XO X XO
Ephener opter a Mayflies
Baet i dae

Baetis sp. XO @] @] @] X @]



et al.

Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,
Mattol e Ri ver Estuary/Lagoon, California. Taxonom c Sources: Smith and Carlton eds. (1975); Borror
(1981); Barnes (1980); Merritt and Cumrins eds. (1984). (X - Designates Benthic, O - Pl anktonic,
Col | ection) (continued).
Scientific Nanme Comon Nane June July Aug Sept COct 1986 1987
Ephenerel | i dae
Serratella sp. X X
Hept ageni i dae
St enonema sp O O
Lept ophel ebi i dae
Par al ept ophl ebi a sp. X X X X X
Si phl onuri dae
I sonychi a sp. X X
Tri coryt hi dae
Tricorythodes sp. X X X0 O] X X0
Hem ptera True Water-
Cori xi dae Bugs X0 X0
Nacour i dae
Pel ocri s sp. XO XO XO 0] XO XO
Honopt er a
Ci cadel | i dae Ci cads XO o o XO
Hymenopt er a Bees, Wasps,
Formi ci dae Ant s o o o o
Megal opt era Dobsonfli es,
Si al i dae Al derflies
Sialis sp. X XO XO XO XO



Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,
Matt ol e Ri ver Estuary/Lagoon, California. Taxonom c Sources:

(1981); Barnes (1980); Merritt and Cumr ns eds.
Col | ection) (continued).

(1984) .

(X -

Smith and Carlton eds.
Desi gnates Benthic, O -

(1975); Borror
Pl ankt oni c,

Scientific Nane Common Nane

June

July Aug Sept

Oct

1986 1987

Qdonat a
Zygoptera Dansel Flies
Cal opt erygi dae
Het aeri na sp.
Ani sopt era
Aeshni dae
Anax sp.
Pl ecoptera Stoneflies
Capni i dae
Capni a sp.
Caddi sflies
Hydroptilidae
Ithytrichia sp.
Oxyethira sp.
Lepi dost omat i dae
Lepi dost oma sp.
Li mephi |l i dae
Di cosnecus sp.
Seri cost omat i dae
Gurmaga gri seus

Dragonflies

Trichoptera

XO

X0

XO

X0

XO

XO

XO

X0

XO

X0

XO

XO

X0

XO

et al.



Appendi x A. List of Epibenthic and Pl anktonic Macrofauna Coll ected During the 1986-1987 Study Peri ods,
Mattol e Ri ver Estuary/Lagoon, California. Taxonom c Sources: Smith and Carlton eds. (1975); Borror et al
(1981); Barnes (1980); Merritt and Cumrins eds. (1984). (X - Designates Benthic, O - Pl anktonic,
Col | ection) (continued).

Scientific Nanme Comon Nane June July Aug Sept COct 1986 1987

VI. Vertebrata
Ost ei cht hyes
Gast erostei fornes
Gast er ost ei dae

Gast er ost eus Thr eespi ne
acul eat us Sti ckl eback @] @] O Xo O Xo
Scor paeni f or nes
Cottidae
Cottus asper Prickly 0] 0]

Scul pin



Appendix B. Numbers of Epibenthic Organisms Listed by Taxon
and Collection Date, Ekman Grabs, 1986 Lower
Mattole River Estuary/Lagoon.

DATE

Taxon Jun 27 Jul 2 Jul 25 Aug 26 Oct 27

Amphipoda 309 400 434 159 52
Copepoda 0 0 0 6 0
Isopoda 0 7 111 68 41
Mysidacea 0 0 0 5 0
Coleoptera 0 0 1 0 0
Diptera 0 7 16 31 0
Ephemeroptera 0 0 1 0 0
Trichoptera 37 10 15 0 0
Hydracarina 0 28 1 4 0
Annelida 25 0 0 0 0
Platyhelminthes 4 0 0 0 0
Total 375 452 579 273 93

Taxon Total % Mean SD SE
Amphipoda 1354 76.4 271 145 65
Copepoda 6 0.3 1 2 1
Isopoda 227 12.8 45 41 18
Mysidacea 5 0.3 1 2 1
Coleoptera 1 0.1 0 0 0
Diptera 54 3.0 11 12 5
Ephemeroptera 1 0.1 0 0 0
Trichoptera 62 3.5 12 14 6
Hydracarina 33 1.9 7 11 5
Annelida 25 1.4 5 10 4
Platyhelminthes 4 0.2 1 2 1
All Taxa/N=5 1772 100 354 165 74

Sampling Dates




Appendix C. Numbers of Epibenthic Organisms Listed by Taxon
and Collection Date, Ekman Grabs, 1986 Upper
Mattole River Estuary/Lagoon.

DATE
Taxon Jun 27 Jul 02 Jul 25 Aug 26 Oct 27
Amphipoda 53 58 169 512 58
Copepoda 0 0 0 3 0
Isopoda 6 2 18 260 46
Mysidacea 0 0 0 6 1
Diptera 0 4 3 136 0
Ephemeroptera 0 8 7 4 0
Hemiptera 0 0 0 1 0
Megaloptera 0 2 0 0 0
Trichoptera 0 61 57 0 0
Total 59 135 254 922 105
Taxon Total % Mean SD SE
Amphipoda 850 57.6 170 176 79
Copepoda 3 0.2 1 1 1
Isopoda 332 22.5 66 98 44
Mysidacea 7 0.5 1 2 1
Diptera 143 9.7 29 54 24
Ephemeroptera 19 1.3 4 3 2
Hemiptera 1 0.1 0 0 0
Megaloptera 2 0.1 0 1 0
Trichoptera 118 8.0 24 29 13
All Taxa/N=5 1475 100.0 295 320 143

Sampling Dates



Appendix D. Estimated Densities of Epibenthic Organisms Listed By Taxon,
Collected During Bucket Type Substrate Sampler Pilot Study 1986,
Upper Mattole Estuary/Lagoon. Estimates based on Sampler
Surface Area of 0.0355 m .

Taxon Total % Mean SD SE
Amphipoda 150388 48.5 18798 3685 1228
Isopoda 52206 16.8 6526 1305 435
Ostracoda 10345 3.3 1293 779 260
Coleoptera 141 0.0 18 24 8
Diptera 51698 16.7 6462 1941 647
Ephemeroptera 1409 0.5 176 105 35
Hemiptera 169 0.1 21 31 10
Megaloptera 169 0.1 21 19 6
Plecoptera 254 0.1 32 26 9
Trichoptera 40536 13.1 5067 2279 760
Gastropoda 113 0.0 14 20 7
Hydracarina 2368 0.8 296 193 64
Nematoda 141 0.0 18 24 8
Oligochaeta 56 0.0 7 12 4
Platyhelminthes 113 0.0 14 28 9
All Taxa/N=8 310106 100 38763 5655 1999

Sampling Units




Appendix E. Estimated Densities and Biomasses of Epibenthic Organisms
Listed By Taxon. Bucket Type Substrate Sampler July 1987,
Lower Mattole Estuary/Lagoon. Estimates based on Sampler
Surface Area of 0.0355 m .

DENSITY (#m )

Taxon Total % Mean SD SE
Amphipods 733 18.4 244 70 41
Isopods 28 0.7 9 13 8
Coleoptera 28 0.7 9 13 8
Diptera 169 4.3 56 40 23
Trichoptera 2960 74.5 987 679 392
Oligochaeta 28 0.7 9 13 8
Terrestrials 28 0.7 9 13 8
All Taxa/N=3 3975 100 1325 770 16

Sampling Units

BIOMASS (grams dry weight/m )

Taxon Total % Mean SD SE
Amphipods 0.2255 13.0 0.0752 0.0296 0.0171
Isopods 0.0169 1.0 0.0056 0.0080 0.0046
Coleoptera 0.0028 0.2 0.0009 0.0013 0.0008
Diptera 0.0564 3.3 0.0188 0.0035 0.0020
Trichoptera 1.4264 82.3 0.4755 0.3225 0.1862
Oligochaeta 0 0 0 0 0
Terrestrials 0.0056 0.3 0.0019 0.0027 0.0015
All Taxa/N=3 1.7336 100 0.57787174 0.36158744 0.20876261

Sampling Units




Appendix F. Estimated Densities and Biomasses of Epibenthic
Organisms Listed By Taxon. Bucket Type
Substrate Sampler August 1987, Lower Mattole
Estuary/Lagoon. Estimates based on Sampler
Surface Area of 0.0355 m .

DENSITY (#m )

Taxon Total % Mean SD SE
Amphipods 8259 82 2065 1590 795
Isopods 1381 14 345 251 125
Diptera 197 2 49 58 29
Trichoptera 141 1 35 46 23
Nematode 113 1 28 35 17
Oligochaete 28 0 7 12 6
All Taxa/N=4 10120 100 2530 1807 903

Sampling Units

Biomass (grams dry weight/m )

Taxon Total % Mean SD SE
Amphipods 3.8168 73.1 1.0843 0.8869 0.5121
Isopods 1.1642 22.3 0.3364 0.2705 0.1562
Diptera 0.0338 0.6 0.0113 0.0080 0.0046
Trichoptera 0.1917 3.7 0.0536 0.0757 0.0437
Nematode 0.0113 0.2 0.0028 0.0040 0.0023
Oligochaeta 0 0 0 0 0
All Taxa/N=4 5.21775899 100 1.3044 0.90019714 0.45009857

Sampling Units




Appendix G. Estimated Densities and Biomasses of Epibenthic

Organisms Listed By Taxon. Bucket Type
Substrate Sampler September 1987, Lower Mattole

Estuary/Lagoon. Estimates based on Sampler

Surface Area of 0.0355m .

DENSITY (#/m )

Taxon Total % Mean SD SE
Amphipods 3101 63.2 775.2 602 301
Isopods 1381 28.2 345.3 233 19
Coleoptera 28 0.6 7.0 12 3
Diptera 197 4.0 49.3 31 7
Trichoptera 169 3.4 42.3 24 7
Platyhelminthes 28 0.6 7.0 12 3
All Taxa/N=4 4905 100.0 1226.0 816 408
Sampling Units
Biomass (grams dry weight/m )

Taxon Total % Mean SD SE
Amphipods 3.4278 66.5 0.8569 1.0246 0.9257
Isopods 1.3643 26.5 0.3411 0.2287 0.5840
Coleoptera 0.0056 0.1 0.0014 0.0024 0.0375
Diptera 0.1156 2.2 0.0289 0.0241 0.1700
Trichoptera 0 4.2 0.1 0 0
Platyhelminthes 0 0.0 0.0 0 0
All Taxa/N=4 5 99.6 1.3 1 1

Sampling Units



Appendix H. Estimated Densities and Biomasses of Epibenthic Organisms Listed By Taxon.
Bucket Type Substrate Sampler October 1987, Lower Mattole
Estuary/Lagoon. Estimates based on Sampler Surface Area of 0.0355 m .

DENSITY (#/m )

Taxon Total % Mean SD SE
Amphipods 18013 74.2 4503 1366 683
Isopods 3242 13.4 810 164 82
Diptera 56 0.2 14 14 7
Trichoptera 1889 7.8 472 325 162
Hydracarina 56 0.2 14 14 7
Oligochaete 987 4.1 247 181 90
Osteichthys 28 0.1 7 12 6
All Taxa/N=4 24271 100 6068 1201 601

Sampling Units

Biomass (grams dry weight/m )

Taxon Total % Mean SD SE
Amphipods 4.7555 58.3 1.1889 0.3544 0.1772
Isopods 1.5927 19.5 0.3982 0.1390 0.0695
Diptera 0.0282 0.3 0.0070 0.0073 0.0037
Trichoptera 0.5835 7.2 0.1459 0.0707 0.0353
Hydracarina 0.0085 0.1 0.0021 0.0037 0.0018
Oligochaete 0.1128 1.4 0.0282 0.0270 0.0135
Osteichthys 1.0712 13.1 0.2678 0.4638 0.2319
All Taxa/N=4 8.1522 100 2.0381 0.5825 0.2913

Sampling Units




Appendix |. Estimated Densities and Biomasses of Epibenthic Organisms Listed by Taxon. Bucket Type
Substrate Sampler July 1987, Upper Mattole Estuary/Lagoon. Estimates Based on Sampler

Surface Area of 0.0355 m .

DENSITY (#/m )

BIOMASS (grams dry weight/m )

Taxon Total % Mean SD SE Total % Mean SD SE
Amphipoda 16801 55.3 5600 2915 60 6.0973 43.5 2.0324 0.9922 0.5728
Isopoda 1832 6.0 611 455 9 0.4848 3.5 0.1616 0.0791 0.0457
Ostracoda 282 0.9 94 70 1 0.0056 0.0 0.0019 0.0013 0.0008
Coleoptera 85 0.3 28 23 0 0.0169 0.1 0.0056 0.0061 0.0035
Diptera 6963 22.9 2321 1526 881 0.9020 6.4 0.3007 0.1679 0.0969
Hemiptera 28 0.1 9 13 0 0.1325 0.9 0.0442 0.0625 0.0361
Megaloptera 28 0.1 9 13 0 0.0056 0.0 0.0019 0.0027 0.0015
Trichoptera 3016 9.9 1005 457 9 6.1593 43.9 2.0531 0.4602 0.2657
Hydracarina 733 2.4 244 185 4 0.0592 0.4 0.0197 0.0115 0.0066
Nematoda 366 1.2 122 93 2 0.0197 0.1 0.0066 0.0048 0.0028
Oligochaeta 113 0.4 38 53 1 0.0085 0.1 0.0028 0.0040 0.0023
Terrestrials 113 0.4 38 35 1 0.1240 0.9 0.0413 0.0565 0.0326
All Taxa/N=4 30359 100 10120 5594 3230 14.016 100 4.6718 0.9549 0.5513

Sampling Units




Appendix J. Estimated Densities and Biomasses of Epibenthic Organisms Listed by Taxon. Bucket Type
Substrate Sampler August 1987, Upper Mattole Estuary/Lagoon. Estimates Based on Sampler
Surface Area of 0.0355m .

DENSITY (#/m )

BIOMASS (grams dry weight/m )

Taxon Total % Mean SD SE Total % Mean SD SE
Amphipoda 30669 46 7667 2051 1026 20.9161 50.8 5.2290 1.3141726 0.6571
Copepoda 28 0 7 12 6 0.0000 0.0 0.0000 0.0000 0.0000
Isopoda 13841 21 3460 1367 683 13.3897 325 3.3474 1.4744319 0.7372
Ostracoda 620 1 155 142 71 0.0113 0.0 0.0028 0.0034524 0.0017
Coleoptera 254 0 63 78 39 0.0536 0.1 0.0134 0.0168398 0.0084
Diptera 15814 24 3953 1398 699 2.3650 5.7 0.5913 0.1528239 0.0764
Ephemeroptera 56 0 14 24 12 0.0113 0.0 0.0028 0.0048825 0.0024
Hemiptera 113 0 28 49 24 0.3946 1.0 0.0987 0.1708859 0.0854
Megaloptera 85 0 21 12 6 0.2171 0.5 0.0543 0.0382048 0.1910
Plecoptera 85 0 21 12 6 0.0085 0.0 0.0021 0.0012204 0.0006
Trichoptera 1268 2 317 203 101 3.6786 8.9 0.9197 0.524905 0.2625
Hydracarina 733 1 183 128 64 0.0507 0.1 0.0127 0.0080966 0.0040
Nematoda 1917 3 479 202 101 0.0395 0.1 0.0099 0.0031516 0.0016
Oligochaeta 846 1 211 108 54 0.0536 0.1 0.0134 0.0067226 0.0034
Terrestrials 56 0 14 14 7 0.0056 0.0 0.0014 0.0014 0.0007
All Taxa/N=4 66385 100 16596 4394 2197 41.1952 100 10.299 2.3066 1.1533

Sampling Units




Appendix K. Estimated Densities and Biomasses of Epibenthic Organisms Listed by Taxon. Bucket Type
Substrate Sampler September 1987, Upper Mattole Estuary/Lagoon. Estimates Based on Sampler
Surface Area of 0.0355 m .

DENSITY (#m ) BIOMASS (grams dry weight/m )
Taxon Total % Mean SD SE Total % Mean SD SE
Amphipoda 17505 515 4376 2214 1107 145455 384 3.6364 1.6438 0.8219
Isopoda 8879 26.1 2220 748 374 12,5046 33.0 3.1261 1.3109 0.6554
Ostracoda 28 0.1 7 12 6 0.0000 0.0 0.0000 0.0000 0.0000
Coleoptera 28 0.1 7 12 6 0.0085 0.0 0.0021 0.0037 0.0018
Diptera 4031 11.9 1008 76 38 2.9852 7.9 0.7463 0.2918 0.1459
Ephemeroptera 85 0.2 21 23 12 0.0677 0.2 0.0169 0.0179 0.0090
Megaloptera 28 0.1 7 12 6 0.2791 0.7 0.0698 0.1208 0.0604
Plecoptera 451 1.3 113 56 28 0.0395 0.1 0.0099 0.0032 0.0016
Trichoptera 1832 54 458 67 34 7.3939 195 1.8485 0.4795 0.2397
Hydracarina 310 0.9 78 78 39 0.0282 0.0 0.0070 0.0073 0.0037
Nematoda 817 24 204 167 84 0.0451 0.1 0.0113 0.0053 0.0026
All Taxa/N=4 33996 100 8499 2447 1224 37.8971 100 9.4743 2.6774 1.3387

Sampling Units




Appendix L. Estimated Densities and Biomasses of Epibenthic Organisms Listed by Taxon. Bucket Type
Substrate Sampler October 1987, Upper Mattole Estuary/Lagoon. Estimates Based on Sampler
Surface Area of 0.0355m .

DENSITY (#/m ) BIOMASS (grams dry weight/m )
Taxon Total % Mean SD SE Total % Mean SD SE
Amphipoda 16434 20.2 4109 3025 1513 4.0000 94 1.5053 1.1356 0.5678
Isopoda 1043 1.3 261 134 67 1.1219 1.8 0.2805 0.1636 0.0818
Coleoptera 28 0.0 7 12 6 0.0028 0.0 0.0007 0.0012 0.0006
Diptera 761 0.9 190 102 51 1.3531 21 0.3383 0.3103 0.1552
Trichoptera 1438 1.8 359 81 40 6.7766 10.6 1.6942 0.3864 0.1932
Hydracarina 28 0.0 7 12 6 0.0000 0.0 0.0000 0.0000 0.0000
Oligochaeta 61649 75.7 15412 12512 6256 48.4764 76.0 12.119 15.846 7.923
Terrestrials 28 0.0 7 12 6 0.0113 0.0 0.0028 0.0049 0.0024
All Taxa/N=4 81409 100 20352 10516 5258 67.7632 100 15.941 15.041 7.5206

Sampling Units




Appendix M. Numbers of Planktonic Organisms Listed by Taxon and
Collection Date, 1986 Lower Mattole River Estuary/Lagoon.

DATE

Taxon Jun 18 Jul 2 Jul25 Aug8 Aug26 Septl3

Amphipoda 1 2 641 106 577 457
Isopoda 0 1 1 2 14 79
Mysidacea 0 0 81 283 67 173
Ostracoda 0 0 2 0 0 0
Coleoptera 0 5 0 0 0 0
Diptera 0 1 4 19 62 81l
Hemiptera 0 0 0 0 1 0
Trichoptera 3 0 0 0 0 0
Hydracarina 13 136 17 23 23 3
Oligochaeta 0 0 103 11 0 0
Osteichthyes 0 0 0 2 1 1
Terrestrials 0 0 0 2 1 0
Total 17 145 849 448 746 749
Taxon Total % Mean SD SE
Amphipoda 1784 59.5 297 270 110
Isopoda 97 3.2 16 27 12
Mysidacea 604 20.1 101 99 41
Ostracoda 2 0.1 0 1 0
Coleoptera 5 0.2 1 2 1
Diptera 167 5.6 28 31 13
Hemiptera 1 0.0 0 0 0
Trichoptera 3 0.1 1 1 0
Hydracarina 215 7.2 36 44 19
Oligochaeta 114 3.8 19 36 15
Osteichthyes 4 0.1 1 1 0
Terrestrials 3 0.1 1 1 0
All Taxa/N=6 2999 100.0 500 324 132

Sampling Dates



Appendix N. Numbers of Planktonic Organisms Listed by Taxon and
Collection Date, 1986 Upper Mattole River Estuary/Lagoon.

DATE
Taxon Jun 18 Jul2 Jul25 Aug8 Aug 26 Septl3
Amphipoda 3 0 246 12 67 619
Copepoda 0 0 0 0 2 2
Isopoda 1 0 4 0 26 121
Mysidacea 5 0 34 26 1264 641
Coleoptera 0 7 2 0 0 0
Diptera 0 6 6 20 220 155
Hemiptera 0 0 5 0 3 3
Megaloptera 0 0 0 0 1 0
Odonata 0 0 1 0 0 0
Trichoptera 52 2 0 0 0 0
Hydracarina 21 266 36 3 486 16
Osteichthyes 1 0 1 0 0 0
Terrestrials 0 2 0 1 1 0
Total 83 283 335 62 2070 1557
Taxon Total % Mean SD SE
Amphipoda 944 215 158 223 91
Copepoda 4 0.1 1 1 0
Isopoda 151 3.4 25 44 18
Mysidacea 1965 44.8 328 477 195
Coleoptera 9 0.2 2 3 1
Diptera 407 9.3 68 87 35
Hemiptera 11 0.3 2 2 1
Megaloptera 1 0.0 0 0 0
Odonata 1 0.0 0 0 0
Trichoptera 2 0.0 9 19 8
Hydracarina 807 18.4 138 180 74
Osteichthyes 1 0.0 0 0 0
Terrestrials 4 0.1 1 1 0

All Taxa/N=6 4390 732.0 732 785 320
Sampling Dates



Appendix O. Estimated Concentrations of Planktonic Organisms Listed
by Taxon and Collection Date, 1987 Lower Mattole River
Estuary/Lagoon, Daytime. Estimates Based on Volume
Filtered in Cubic Meters.

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 0 0.05 0.81 0.59
Copepoda 0.03 2.21 0.30 0.89
Isopoda 0.03 0 0.43 0.20
Mysidacea 0 0 0.30 0
Ostracoda 0 0 0.08 12.16
Coleoptera 0.34 0.05 0.03 0.10
Diptera 0.4 0.22 1.33 0.15
Ephemeroptera 0 0 0.11 0
Hemiptera 0 0 0.03 0
Plecoptera 0 0 0 0.05
Trichoptera 0.16 0 0 0.05
Hydracarina 0.32 0.89 0.46 2.17
Oligochaeta 0.03 0 0 0
Terrestrials 0.03 0 0 0
Total 1.32 3.42 3.87 16.34
Volume Filtered 37.97 37.11 36.97 20.32
Taxon Total % Mean SD SE
Amphipoda 1.45 5.8 0.36 0.35 0.17
Copepoda 3.43 13.7 0.86 0.84 0.42
Isopoda 0.66 2.6 0.17 0.17 0.86
Mysidacea 0.3 1.2 0.08 0.13 0.64
Ostracoda 12.24 49.1 3.06 5.25 2.62
Coleoptera 0.52 2.1 0.13 0.12 0.06
Diptera 2.1 8.4 0.53 0.47 0.24
Ephemeroptera 0.11 0.4 0.03 0.05 0.02
Hemiptera 0.03 0.1 0.01 0.01 0.01
Plecoptera 0.05 0.2 0.01 0.02 0.01
Trichoptera 0.21 0.8 0.05 0.07 0.03
Hydracarina 3.84 154 0.96 0.73 0.36
Oligochaeta 0.03 0.1 0.01 0.01 0.01
Terrestrials 0.03 0.1 0.01 0.01 0.01
All Taxa/N=4 24.95 100.0 6.24 8.24 5.46

Sampling Dates



Appendix P. Estimated Biomasses of Planktonic Organisms Listed by

Taxon and Collection Date, 1987 Lower Mattole River

Estuary/Lagoon, Daytime. Estimates Based on Volume

Filtered. Grams Dry Wt./m .

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 0.0000 0.0000 0.0001  0.0002
Copepoda 0.0000 0.0000 0.0000 0.0000
Isopoda 0.0000 0.0000 0.0001  0.0003
Mysidacea 0.0000 0.0000 0.0003  0.0000
Ostracoda 0.0000 0.0000 0.0000 0.0003
Coleoptera  0.0001  0.0000 0.0000  0.0000
Diptera  0.0000 0.0000 0.0001  0.0000
Hemiptera 0.0000 0.0000 0.0000  0.0000
Plecoptera  0.0000  0.0000 0.0000  0.0000
Trichoptera  0.0001  0.0000 0.0000  0.0000
Hydracarina  0.0000  0.0001 0.0001  0.0003
Oligochaeta 0.0000 0.0000 0.0000 0.0000
Terrestrials  0.0000 0.0000 0.0000  0.0000
Total 0.0003  0.0001 0.0007  0.0012
Volume Filtered 37.97 37.11 36.97 20.32
Taxon Total % Mean SD SE
Amphipoda  0.0003 15.0 0.0001 0.0001  0.0000
Copepoda  0.0001 2.6 0.0000 0.0000 0.0000
Isopoda  0.0005 21.4 0.0001 0.0001 0.0001
Mysidacea  0.0003 11.5 0.0001 0.0001 0.0001
Ostracoda  0.0003 14,5 0.0001 0.0001 0.0001
Coleoptera  0.0001 5.1 0.0000 0.0000 0.0000
Diptera  0.0001 59 0.0000 0.0000 0.0000
Hemiptera  0.0000 1.0 0.0000 0.0000 0.0000
Plecoptera  0.0000 0.2 0.0000 0.0000 0.0000
Trichoptera  0.0001 4.4 0.0000 0.0000 0.0000
Hydracarina  0.0004 17.5 0.0001 0.0001 0.0000
Oligochaeta  0.0000 0.1  0.0000 0.0000 0.0000
Terrestrials  0.0000 0.9 0.0000 0.0000 0.0000
All Taxa/N=4  0.0023 100.0 0.0006  0.0004  0.0002

Sampling Dates



Appendix Q. Estimated Concentrations of Planktonic Organisms Listed
by Taxon and Collection Date, 1987 Lower Mattole River
Estuary/Lagoon, Nighttime. Estimates Based on Volume
Filtered in Cubic Meters.

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 3.29 3.71 7.41 0.24
Copepoda 0.83 172.28 555.23 34.93
Isopoda 0.06 2.82 2.25 0.71
Mysidacea 0 0 3.22 0
Ostracoda 0.03 0.15 0.64 0.08
Coleoptera 0 0.89 0 0.32
Diptera 0.97 25.06 8.05 6.87
Ephemeroptera 0.22 0 0 0
Trichoptera 0.17 0 0 0
Hydracarina 0.72 2.52 6.76 0.32
Oligochaeta 0 0 0 0.08
Osteichthyes 0.06 0.15 0 0
Total 6.32 207.56 583.57 43.54
Volume Filtered 36.21 13.49 6.21 25.31
Taxon Total % Mean SD SE
Amphipoda 14.65 1.7 3.66 2.54 1.27
Copepoda 763.27 90.8 190.82 219.96 109.98
Isopoda 5.84 0.7 1.46 1.12 0.56
Mysidacea 3.22 0.4 0.81 1.39 0.70
Ostracoda 0.9 0.1 0.23 0.24 0.12
Coleoptera 1.21 0.1 0.30 0.36 0.18
Diptera 40.95 4.9 10.24 8.97 4.48
Ephemeroptera 0.22 0.0 0.06 0.10 0.05
Trichoptera 0.17 0.0 0.04 0.07 0.04
Hydracarina 10.32 1.2 2.58 2.55 1.28
Oligochaeta 0.08 0.0 0.02 0.03 0.02
Osteichthyes 0.21 0.0 0.05 0.06 0.03
All Taxa/N=4 841 100.0 210.00 228.00 5.80

Sampling Dates



Appendix R. Estimated Biomasses of Planktonic Organisms Listed by
Taxon and Collection Date, 1987 Lower Mattole River

Estuary/Lagoon, Nighttime. Estimates Based on Volume
Filtered. Grams Dry Wt./m .

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 0.0000 0.0000 0.0004 0.0000
Copepoda 0.0000 0.0014 0.0047 0.0004
Isopoda 0.0000 0.0001 0.0003 0.0000
Mysidacea 0.0000 0.0000 0.0001 0.0000
Ostracoda 0.0000 0.0000 0.0000 0.0000
Coleoptera 0.0000 0.0001 0.0000 0.0000
Diptera 0.0001 0.0007 0.0004 0.0002
Ephemeroptera 0.0000 0.0000 0.0000 0.0000
Hydracarina 0.0000 0.0002 0.0008 0.0000
Osteichthyes 0.0001  0.000266 0.0000 0.0000
Total 0.0003 0.0028 0.0068 0.0007
Volume Filtered 36.21 13.49 6.21 25.31
Taxon Total % Mean SD SE
Amphipoda 0.0005 4.6 0.0001 0.0002 0.0001
Copepoda 0.0065 62.1 0.0016 0.0019 0.0009
Isopoda 0.0004 4.0 0.0001 0.0001 0.0001
Mysidacea 0.0001 1.2 0.0000 0.0001 0.0000
Ostracoda 0.0000 0.3 0.0000 0.0000 0.0000
Coleoptera 0.0002 1.8 0.0000 0.0001 0.0000
Diptera 0.0012 11.9 0.0003 0.0002 0.0001
Ephemeroptera 0.0000 0.1 0.0000 0.0000 0.0000
Hydracarina 0.0011 10.2 0.0003 0.0003 0.0002
Osteichtheys 0.0004 3.6 0.0001 0.0001 0.0001
All Taxa/N=4 0.0105 100.0 0.0006 0.0004 0.0002

Sampling Dates



Appendix S. Estimated Concentrations of Planktonic Organisms Listed
by Taxon and Collection Date, 1987 Upper Mattole River
Estuary/Lagoon, Daytime. Estimates Based on Volume

Filtered in Cubic Meters.

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 0 0.05 36.11 0.90
Copepoda 0.03 0 7.34 0.50
Isopoda 0 0 97.82 2.41
Ostracoda 0 0.03 19.64 42.19
Coleoptera 0.03 0 0.99 0.00
Diptera 0.05 0.3 109.52 8.64
Ephemeroptera 0 0.03 0.99 0.40
Hemiptera 0 0 1.19 0.2
Megaloptera 0 0 0.20 0
Trichoptera 0 0.08 18.05 14.87
Gastropoda 0 0 0 1.41
Hydracarina 0.08 0.24 24.01 5.52
Nematoda 0 0 0 0.30
Oligochaeta 0 0.24 0 0
Osteichthyes 0 0 0.20 0
Terrestrials 0.08 0 0 0
Total 0.26 0.97 316.07 77.35
Volume Filtered 38.09 37.91 10.08 19.91
Taxon Total % Mean SD SE
Amphipoda 37.06 9.4 9.27 15.50 7.75
Copepoda 7.87 2.0 1.97 3.11 1.55
Isopoda 100.23 25.4 25.06 42.02 21.01
Ostracoda 61.86 15.7 15.47 17.39 8.69
Coleoptera 1.02 0.3 0.26 0.42 0.21
Diptera 118.51 30.0 29.63 46.26 23.13
Ephemeroptera 1.42 0.4 0.36 0.40 0.20
Hemiptera 1.39 0.4 0.35 0.49 0.25
Megaloptera 0.2 0.1 0.05 0.09 0.04
Trichoptera 33 8.4 8.25 8.29 4.14
Gastropoda 1.41 0.4 0.35 0.61 0.30
Hydracarina 29.85 7.6 7.46 9.80 4.90
Nematoda 0.3 0.1 0.08 0.13 0.652
Oligochaeta 0.24 0.1 0.06 0.10 0.05
Osteichthyes 0.2 0.1 0.05 0.09 0.04
Terrestrials 0.08 0.0202706 0.02 0.034641 0.02
All Taxa/N=4 394.66 100 98.66 129.37 64.68

Sampling Dates




Appendix T. Estimated Biomasses of Planktonic Organisms Listed by
Taxon and Collection Date, 1987 Upper Mattole River
Estuary/Lagoon, Daytime. Estimates Based on Volume
Filtered. Grams Dry Wt./m .

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7

Amphipoda 0.0000 0.0000 0.0180 0.0000
Copepoda 0.0000 0.0000 0.0001 0.0000
Isopoda 0.0000 0.0000 0.0228 0.0016
Ostracoda 0.0000 0.0000 0.0005 0.0010
Coleoptera 0.0000 0.0000 0.0002 0.0000
Diptera 0.0000 0.0000 0.0070 0.0007
Ephemeroptera 0.0000  0.000002 0.00006 0.000231
Hemiptera 0.0000 0.0000 0.0002 0.0001
Megaloptera 0.0000 0.0000 0.0006 0.0000
Trichoptera 0.0000 0.0001 0.0006 0.0018
Gastropoda 0.0000 0.0000 0.0000 0.000241
Hydracarina 0.0000 0.0000 0.0017 0.0005
Oligochaeta 0.0000 0.0000 0.0000 0.0000
Osteichthyes 0.0000 0.0000 0.0003 0.0000
Terrestrials 0.0000 0.0000 0.0000 0.0001

Total 0.0000 0.0001 0.0520 0.0062

Volume Filtered 38.09 37.91 10.08 19.91
Taxon Total % Mean SD SE
Amphipoda 0.0180 30.9 0.0045 0.0078 0.0039
Copepoda 0.0001 0.2 0.0000 0.0000 0.0000
Isopoda 0.0244 41.7 0.0061 0.0097 0.0048
Ostracoda 0.0014 2.4 0.0004 0.0004 0.0002
Coleoptera 0.0002 0.3 0.0000 0.0001 0.0000
Diptera 0.0078 13.4 0.0019 0.0029 0.0015
Ephemeroptera 0.0003 0.5 0.0001 0.0001 0.0000
Hemiptera 0.0003 0.6 0.0001 0.0001 0.0000
Megaloptera 0.0006 1.1 0.0002 0.0003 0.0001
Trichoptera 0.0025 4.2 0.0006 0.0007 0.0004
Gastropoda 0.0002 0.4 0.0001 0.0001 0.0001
Hydracarina 0.0022 3.7 0.0005 0.0007 0.0003
Oligochaeta 0.0000 0.0 0.0000 0.0000 0.0000
Osteichthyes 0.0003 0.5 0.0001 0.0001 0.0001
Terrestrials 0.0001 0.1 0.0000 0.0000 0.0000
All Taxa/N=4 0.0584 100.0 0.0146 0.0217 0.0109

Sampling Dates



Appendix U. Estimated Concentrations of Planktonic Organisms Listed
by Taxon and Collection Date, 1987 Upper Mattole River

Estuary/Lagoon, Nighttime. Estimates Based on Volume
Filtered in Cubic Meters.

DATE
Taxon Jul 7 Aug 9 Sep 9 Oct 7
Amphipoda 0.043 0.11 9.73 15.30
Copepoda 3.24 0.49 1.00 1.54
Isopoda 0.17 0.89 18.28 40.83
Mysidacea 0.03 0.03 0.04 1.85
Ostracoda 0.11 0.34 4.14 6.57
Coleoptera 0.06 0 0.22 0.22
Diptera 2.13 2.87 32.2 9.35
Ephemeroptera 0.65 0.26 157 0.88
Hemiptera 0 0.06 0.39 0.18
Odonata 0.03 0 0 0
Trichoptera 0.97 0.6 3.1 8.25
Hydracarina 0.80 1.35 4.89 5.95
Oligochaeta 0.99 3.99 0 0.71
Osteichthyes 0.14 0.11 0 1.54
Terrestrials 0 0 0.04 0
Total 9.74 11.12 75.61 93.17
Volume Filtered 35.2 34.81 22.92 22.68
Taxon Total % Mean SD SE
Amphipoda 25.183 13.3 6.30 6.52 3.26
Copepoda 6.27 3.3 1.57 1.03 0.52
Isopoda 60.17 31.7 15.04 16.56 8.28
Mysidacea 1.95 1.0 0.49 0.79 0.39
Ostracoda 11.16 5.9 2.79 2.71 1.35
Coleoptera 0.5 0.3 0.13 0.10 0.05
Diptera 46.55 24.5 11.64 12.20 6.10
Ephemeroptera 3.36 1.8 0.84 0.48 0.24
Hemiptera 0.63 0.3 0.16 0.15 0.07
Odonata 0.03 0.0 0.01 0.01 0.01
Trichoptera 12.92 6.8 3.23 3.05 1.53
Hydracarina 12.99 6.8 3.25 2.21 111
Oligochaeta 5.69 3.0 1.42 1.53 0.76
Osteichthyes 1.79 0.9 0.45 0.63 0.32
Terrestrials 0.04 0.0 0.01 0.02 0.01
All Taxa/N=4  189.233 100.0 6.24 5.91 16.34

Sampling Dates



Appendix V. Estimated Biomasses of Planktonic Organisms Listed by
Taxon and Collection Date, 1987 Upper Mattole River
Estuary/Lagoon, Nighttime. Estimates Based on Volume

Filtered. Grams Dry Wt./m .

DATE
Taxon Jul 8 Aug 10 Sep 10 Oct 8
Amphipoda 0.0000 0.0000 0.0052 0.0033
Copepoda 0.0000 0.0000 0.0000 0.0001
Isopoda 0.0000 0.0000 0.0050 0.0219
Mysidacea 0.0000 0.00006 0.000044 0.001591
Ostracoda 0.0000 0.0000 0.0001 0.0003
Coleoptera 0.0000 0.0000 0.0001 0.0003
Diptera 0.0001 0.0002 0.0016 0.0007
Ephemeroptera 0.0000 0.000028 0.000467 0.000074
Hemiptera 0.0000 0.0000 0.0002 0.0003
Odonata 0.0000 0.0000 0.0000 0.0000
Trichoptera 0.0001 0.0001 0.0003 0.0028
Hydracarina 0.0000 0.0000 0.0003 0.0004
Oligochaeta 0.0000 0.0001 0.0000 0.0000
Osteichthyes 0.0001 0.0009 0.0000 1.1415
Terrestrials 0.0000 0.0000 0.0002 0.0000
Total 0.0005 0.0014 0.0134 1.1732
Volume Filtered 35.20 34.81 22.92 22.68
Taxon Total % Mean SD SE
Amphipoda 0.0085 0.7 0.0021 0.0022 0.0011
Copepoda 0.0001 0.0 0.0000 0.0000 0.0000
Isopoda 0.0270 2.3 0.0068 0.0090 0.0045
Mysidacea 0.0017 0.1 0.0004 0.0007 0.0003
Ostracoda 0.0004 0.0 0.0001 0.0001 0.0001
Coleoptera 0.0003 0.0 0.0001 0.0001 0.0001
Diptera 0.0026 0.2 0.0006 0.0006 0.0003
Ephemeroptera 0.0006 0.1 0.0002 0.0002 0.0001
Hemiptera 0.0005 0.0 0.0001 0.0001 0.0001
Odonata 0.0000 0.0 0.0000 0.0000 0.0000
Trichoptera 0.0033 0.3 0.0008 0.0011 0.0006
Hydracarina 0.0008 0.1 0.0002 0.0002 0.0001
Oligochaeta 0.0001 0.0 0.0000 0.0000 0.0000
Osteichthyes 1.1424 96.0 0.2856 0.4941 0.2471
Terrestrials 0.0002 0.0 0.0000 0.0001 0.0000
All Taxa/N=4 1.1568  100.0016 0.2892 0.4921 0.0000

Sampling Dates
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Appendi x X. List of Organisns ldentified in the Stomachs of Juvenil e Chinook Sal non Coll ected During the
1986- 1987 Study Periods. WMattole River Estuary/Lagoon, California. Taxonom c Sources: Smith and Carlton
eds. (1975); Borror et al. (1976); Barnes (1980); Merritt and Cunmm ns eds. (1984).

Scientific Name Common Nane June July Aug Sept 1986 1987

l. Art hr opoda

Chel i cerata Chel i cerates
Arachni da Spi ders, nmtes, X X X X
ticks
Acari na Mtes, ticks X X
Hydr acari na Aqutic Mtes X X X
Crust acea Crust aceans
Ostracoda Seed Shrinp
Mal acostraca
Mysi dacea Opossum Shri np
Mysi dae
Neonysi s nercedis X X X
| sopoda | sopods

Sphaer omat i dae
Gnori nosphaer oma
or egoni ensi s X X X X X X
Anphi poda Anphi pods
Cor ophi i dae
Cor ophi um
spi ni cor ne X X X X X X



Appendi x X List of Organisns ldentified in the Stomachs of Juvenil e Chinook Salnon Collected During the
1986- 1987 Study Periods. WMattole River Estuary/Lagoon, California. Taxonom c sources: Smith and Carlton
eds. (1975); Borror et al. (1976); Barnes (1980); Merritt and Cummns eds. (1984)(conti nued).

Scientific Name Common Nane June July Aug Sept 1986 1987

Ganmar i dae
Eogammar us

conf ervi col us X X X X
I nsecta I nsects
Coeoptera Beet | es X X X X X
Chrysonel i dae X X X X
Circul i oni dae X X X
Dyti sci dae X X X X
El m dae X X X X X X
Hydr ophi | i dae X X X X
St aphyl i ni dae X X X
Di ptera True Flies X X
Chi ronom dae M dges X X X X X X
Cul i ci dae Mosqui t os X X X X X
Si nmul i dae Riffle Flies X X X X X
Ti pul i dae Crane Flies X X X X X X
Ephener opt era Mayfli es
Baet i dae
Baetis sp. X X X X X

Hept ageni i dae
St enonema sp. X X X X



Appendi x X List of Organisns ldentified in the Stomachs of Juvenil e Chinook Sal mon Col |l ected During the
1986- 1987 Study Periods. WMattole River Estuary/Lagoon, California. Taxonom c sources: Smith and Carlton
eds. (1975); Borror et al. (1976); Barnes (1980); Merritt and Cummns eds. (1984)(conti nued).

Scientific Name Common Nane June July Aug Sept 1986 1987

Tricorythi dae

Tri corythodes sp. X X
Hem ptera True Water-
Cori xi dae Bugs X X X X
Nacour i dae
Pel ocris sp. X X X
Sal di dae X X X X
| socytus sp. X X
Sal dul a sp. X X
Honopt er a
Ci cadel | i dae Ci cads X X X X X X
Hymenopt era Bees, Wsps, X X
Formi ci dae Ant s X X X X X X
Lepi doptera Butterflies X X
Megal opt era Dobsonfli es,
Si al i dae Al derflies
Sialis sp. X X
Qdonat a
Ani soptera Dragonflies

Gonphi dae X X X X



Appendi x X List of Organisns ldentified in the Stomachs of Juvenil e Chinook Sal mon Col |l ected During the
1986- 1987 Study Periods. WMattole River Estuary/Lagoon, California. Taxonom c sources: Smith and Carlton
eds. (1975); Borror et al. (1976); Barnes (1980); Merritt and Cummns eds. (1984)(conti nued).

Scientific Name Common Nane June July Aug Sept 1986 1987
Orthoptera Gr asshoppers,
Tridactyl i dae Crickets
Neot ri dact yl us
apicialis X X X
Trichoptera Caddi sflies X X
Hydroptilidae
Oxyet hira sp. X X
Seri cost omat i dae
Gumaga gri seus X X

Il. Vertebrata
Ostei cht hyes
Gast erostei fornmes
Gast er ost ei dae
Gast er ost eus Thr eespi ne
acul eat us Sti ckl eback X X X



Appendix Y. Summary of Juvenile Chinook Salmon Stomach Content Analysis, June 27, 1986.
Mattole River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of
Occurence, %N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #0O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 17 1 7.1 11.0 1.2 2.8 0.8 0.05 9.1 0.004 0.01 0.00
Coleoptera 28 7 50.0 18.2 2.0 4.1 1.1 0.10 18.2 0.010 0.03 0.00
Diptera 72 13 92.9 46.8 5.1 4.8 1.3 0.05 9.1 0.004 0.01 0.00
Ephemeroptera 1 1 7.1 0.6 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Hemiptera 4 4 28.6 2.6 0.3 0.5 0.1 0.05 9.1 0.004 0.01 0.00
Orthoptera 1 1 7.1 0.6 0.1 0.3 0.1 0.05 9.1 0.004 0.00 0.00
Hydracarina 2 1 7.1 1.3 0.1 0.5 0.1 0.00 0.0 0.000 0.00 0.00
Terrestrials 29 10 71.4 18.8 2.1 2.2 0.6 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.25 454 0.020 0.02 0.01
Totals (N = 14) 154 14  100.0 100.0 11.0 10.8 2.9 0.55 100.0 0.039 0.04 0.01

Chinook Stomachs



Appendix Z. Summary of Juvenile Chinook Salmon Stomach Content Analysis, July 9, 1986.
Mattole River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of
Occurence, %N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #0O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 17 10 714 4.0 1.2 1.2 0.3 0.15 6.0 0.010 0.03 0.00
Isopoda 1 1 7.1 0.2 0.1 0.3 0.06 0.00 0.0 0.000 0.00 0.00
Mysidacea 1 1 7.1 0.2 0.1 0.3 0.06 0.00 0.0 0.000 0.00 0.00
Coleoptera 51 9 643 119 3.6 4.7 1.2 040 16.0 0.026 0.07 0.01
Diptera 176 12 857 410 126 16.8 4.3 040 16.0 0.026 0.04 0.01
Ephemeroptera 2 2 143 0.5 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Hemiptera 35 35 357 8.2 2.5 3.8 1.0 045 18.0 0.030 0.05 0.01
Odonata 1 1 7.1 0.2 0.1 0.3 0.1 0.00 0.0 0.000 0.00 o0.00
Trichoptera 1 1 7.1 0.2 0.1 0.3 0.06 0.00 0.0 0.000 0.00 0.00
Hydracarina 1 1 7.1 0.2 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Terrestrials 144 9 643 336 103 142 3.7 0.80 32.0 0.050 0.09 0.02
Combined Prey Items With Individual Volumes < 0.05 ml. 030 12.0 0.022 0.03 0.01
Totals (N = 15) 430 14 933 100 28.7 36.3 9.38 2.50 100 0.170 0.20 0.05

Chinook Stomachs



Appendix AA. Summary of Juvenile Chinook Salmon Stomach Content Analysis, July 24, 1986. Mattole
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #0O  %FO %N Mean SD SE Total %V  Mean SD SE
Amphipoda 8 3 333 4.6 0.7 1.5 0.4 0.00 0.0 0.000 0.00 0.00
Diptera 161 8 88.9 92.0 14.6 17.6 5.3 0.35 87.5 0.030 0.04 0.01
Ephemeroptera 2 1 111 1.1 0.2 0.6 0.2 0.00 0.0 0.000 0.00 0.00
Hemiptera 1 1 111 0.6 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Lepidoptera 1 1 111 0.6 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Terrestrials 2 1 128 1.1 0.2 0.4 0.1 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.05 12.5 0.004 0.00 0.00
Totals (N = 11) 175 9 82 100 15.9 17.4 4.8 0.40 100 0.040 0.04 0.00

Chinook Stomachs




Appendix BB. Summary of Juvenile Chinook Salmon Stomach Content Analysis, August 12, 1986. Mattol
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml
Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 24 5 714 226 3 32 111 0.3 21 0.04 0.04 0.01
Mysidacea 19 2 286 179 24 45 158 0.4 29 0.05 0.1 0.03
Coleoptera 3 1 143 2.8 04 1 0.35 0.05 4 0.01 0.02 0
Diptera 8 5 714 7.5 1 1 0.35 0 0 0 0 0
Ephemeroptera 2 2 286 1.9 0.3 04 0.15 0 0 0 0 0
Hemiptera 45 1 143 425 56 149 5.26 0.4 29 0.05 0.13 0.04
Odonata 1 1 8.2 0.9 0.1 03 0.11 0.05 4 0.01 0.02 0
Orthoptera 1 1 8.2 0.9 0.1 03 0.11 0.05 4 0.01 0.02 0
Osteichtyes 1 1 8.2 0.9 0.1 03 0.11 0.05 4 0.01 0.02 0
Terrestrials 2 2 286 1.9 0.3 04 0.15 0 0 0 0 0
Combined Prey Items With Individual Volumes < 0.05 ml. 0.1 7.2 0.0125 0.02 0.01
Totals (N = 8) 106 7 875 100 133 17.1 6 04 100 0.18 0.17 0.06

Chinook Stomachs




Appendix CC.

Summary of Juvenile Chinook Salmon Stomach Content Analysis, August 29, 1986. Mattole
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 8 7 778 16.7 0.5 0.6 0.2 0.00 0.0 0.000 0.00 0.00
Isopoda 1 1 111 2.1 0.1 0.2 0.1 0 0.0 0.000 0.00 0.00
Mysidacea 3 1 1112 6.3 0.2 0.7 0.3 0.05 13.0 0.000 0.01 0.00
Coleoptera 5 3 333 104 0.3 0.8 0.3 0.05 13.0 0.000 0.010 o0.00
Diptera 27 6 66.7 56.3 1.8 2.7 0.9 0.15 38.0 0.010 0.02 0.00
Ephemeroptera 1 1 111 2.1 0.1 0.2 0.1 0.00 0.0 0.000 0.00 ©0.00
Osteichtyes 1 1 111 2.1 0.1 0.2 0.1 0.05 13.0 0.000 0.00 0.00
Terrestrials 2 2 222 4.2 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.10 25.0 0.007 0.01 0.00
Totals (N = 15) 48 9 64.2 100 3.2 4.3 1.1 0.40 100 0.030 0.04 0.01

Chinook Stomachs



Appendix DD. Summary of Juvenile Chinook Salmon Stomach Content Analysis, June 22, 1987. Mattole
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 5 4 33.3 4.2 0.3 0.6 0.2 0.00 0.0 0.000 0.00 0.00
Isopoda 1 1 8.3 0.8 0.07 0.25 0.1 0.00 0.0 0.000 0.00 0.00
Coleoptera 3 3 250 2.5 0.2 04 0.1 0.00 0.0 0.000 0.00 0.00
Diptera 75 12 100 63.0 5.0 5.0 1.3 0.20 57.0 0.013 0.00 0.00
Ephemeroptera 8 2 167 6.7 0.5 15 0.4 0.00 0.0 0.000 0.00 ©0.00
Hemiptera 5 3 25 42 033 0.7 0.18 0.00 0.0 0.000 0.00 0.00
Odonata 1 1 8.3 0.8 0.07 025 0.06 0.00 0.0 0.000 0.00 0.00
Trichoptera 10 3 25 8.4 067 145 0.37 0.10 29.0 0.007 0.00 0.00
Hydracarina 2 2 167 1.7 013 034 0.08 0.00 0.0 0.000 0.00 0.00
Oligochaeta 1 1 8.3 0.8 0.07 0.25 0.1 0.00 0.0 0.000 0.00 0.00
Terrestrials 8 4 333 6.7 0.5 1.0 0.2 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.05 143 0.003 0.01 0.00
Totals (N = 15) 119 12 80 100 7.9 7.3 1.9 0.40 100 0.020 0.02 0.01

Chinook Stomachs



Appendix EE. Summary of Juvenile Chinook Salmon Stomach Content Analysis, July 21, 1987. Mattole
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)
Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 17 9 818 105 1.1 1.1 0.3 0.00 0.0 0.000 0.00 0.00
Isopoda 1 1 9.1 1 0.1 0.25 0.1 0.00 0.0 0.000 0.00 0.00
Coleoptera 1 1 9.1 0.6 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Diptera 142 11 100 87.7 95 11.2 2.9 050 83.0 0.030 0.04 0.01
Terrestrials 2 2 18.2 1.2 0.1 0.3 0.1 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.10 17.0 0.001 0.02 0.00
Totals (N = 15) 162 11 73.3 100 10.8 11.63 3.0 0.60 100 0.040 0.04 0.01

Chinook Stomachs



Appendix FF. Summary of Juvenile Chinook Salmon Stomach Content Analysis, August 23, 1987. Mattole
River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of Occurence,
%N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)

Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 10 4 571 4.2 1.3 1.6 0.6 0.15 19.0 0.020 0.03 0.01
Isopoda 19 1 143 79 24 6.28 2.2 0.05 6.0 0.010 0.02 0.00
Coleoptera 6 5 714 25 0.8 0.7 0.2 0.00 0.0 0.000 0.00 0.00
Diptera 105 7 100 438 131 10.9 3.9 0.40 50.0 0.050 0.05 0.01
Ephemeroptera 46 4 57.1 19.2 5.8 7.64 2.7 0 0.0 0.000 0.00 0.00
Hydracarina 48 1 143 20 6.0 15.8 5.61 0 0.0 0.000 0.00 0.00
Terrestrials 6 4 571 2.5 0.8 0.8 0.3 0.00 0.0 0.000 0.00 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.20 25.0 0.003 0.02 0.01

Totals (N = 8) 240 7 875 100 30.0 39.98 141 0.80 100 0.100 0.08 0.03

Chinook Stomachs



Appendix GG. Summary of Juvenile Chinook Salmon Stomach Content Analysis, September 19, 1987.
Mattole River Lagoon. #0 = Number of Occurences, %FO = Percent Frequency of
Occurence, %N = Percent by Number, %V = Percent by Volume.

NUMBER VOLUME (ml)

Taxon Total #O %FO %N Mean SD SE Total %V Mean SD SE
Amphipoda 7 3 429 2.9 0.9 1.6 057 0.00 0.0 0.000 0.00 0.00
Isopoda 17 4 571 7 2.1 25 0.89 0.10 7.0 0.013 0.02 0.00
Coleoptera 2 2 286 0.8 0.3 0.4 0.15 0.00 0.0 0.000 0.00 0.00
Diptera 188 6 86 774 235 177 6.25 110 76.0 0.140 0.13 0.04
Ephemeroptera 4 1 143 1.6 0.5 1.3 0.46 0.00 0.0 0.000 0.00 0.00
Hemiptera 2 1 143 0.8 0.3 0.7 0.23 0.05 3.0 0.006 0.02 0.00
Megaloptera 1 1 143 0.4 01 03 011 0.00 0.0 0.000 0.00 0.00
Trichoptera 2 1 143 0.8 0.3 0.7 0.23 0.00 0.0 0.000 0.00 0.00
Terrestrials 20 4 571 8.2 25 4.2 147 0.10 7.0 0.013 0.02 0.00
Combined Prey Items With Individual Volumes < 0.05 ml. 0.10 7.0 0.013 0.02 0.00

Totals (N = 8) 243 7 875 100 30.4 0.8 6.8 1.45 100 0.180 0.14 0.05

Chinook Stomachs



Appendix HH. Summary of Johnson (1980) Diet Preference Analyses,
Juvenile Chinook Salmon, 1986 Mattole River Estuary/
Lagoon, Numeric Data. Preference Values of Taxa
Sharing the Same Line are Not Significantly Different.

DATE - June 27 DATE - July 09
Taxonomic Group tBar Taxonomic Group tBar
Diptera -3.5 Terrestrials -4.4
Terrestrials -2.7 Hemiptera -2.5
Coleoptera -1.6 Diptera -1.9
Hemiptera -0.2 Ephemeroptera -1.4
Orthoptera 0.2 Mysidacea -1.1
DATE - July 24 DATE - August 12"
Taxonomic Group tBar Taxonomic Group tBar
Ephemeroptera -0.6 Diptera -0.9
Hemiptera -0.5 Amphipoda -0.2
Diptera -0.5 Mysidacea 1.2
Terrestrials -0.5
Lepidoptera -0.3
DATE - August 29 DATE - 1986 Overall
Taxonomic Group tBar Taxonomic Group tBar
Coleoptera -2.8 Terrestrials -6
Ephemeroptera -2.5 Hemiptera -6
Terrestrials -0.7 Ephemeroptera -5.5
Osteichthyes -0.5 Isopoda -4.5
Isopoda 1.0 Diptera -3.0

“Only three taxa occured trequently enough
to be included in analysis.



Appendix Il. Summary of Johnson (1980) Diet Preference Analyses,
Juvenile Chinook Salmon, 1987 Mattole River Estuary/
Lagoon, Numeric Data. Preference Values of Taxa Sharing
the Same Line are not Significantly Different.

DATE - June 22 DATE - July 21
Taxonomic Group tBar Taxonomic Group tBar
Hemiptera -3.8 Amphipoda -2.7
Ephemeroptera -3.6 Terrestrials 0.1
Odonata -3.1 Isopoda 0.2
Terrestrials -0.8 Diptera 0.7
Amphipoda -0.6 Coleoptera 1.7
DATE - August 23 DATE - September 19"
Taxonomic Group tBar Taxonomic Group tBar
Isopoda -1.4 Terrestrials -1.2
Ephemeroptera -1.3 Amphipoda 0.1
Diptera -0.2 Diptera 0.4
Amphipoda 0.4 Isopoda 0.7
Hydracarina 2.5
DATE - 1987 Overall DATE - 1987 Overall (Volumetric Data)
Taxonomic Group tBar Taxonomic Group tBar
Ephemeroptera -4.0 Diptera -2.0
Terrestrials -3.0 Terrestrials -0.5
Hydracarina -1.0 Hemiptera 0.0
Odonata -0.5 Isopoda 0.5
Diptera 0.0 Amphipoda 1.5

' Only four taxa occured frequently enough
to be included in analysis.



Appendix JJ. Summary of Regression Analyses of Numbers of Amphipods in Epibenthic Sam|
Versus Water Quality Data at Bottom Depth, Mattole River Estuary/Lagoon 19
(Barnhart and Bushy 1986).

LOWER SITE
June27  July2 July25 Aug26 Septl3  Oct 27 R’
# of Amphipods 309 400 434 159 52
Temperature ( °C) 21.0 21.0 18.5 20.5 14.0 0.37
Salinity (ppt) 10.2 0.2 9.5 0.0 0.0 0.32
Dissolved O,(ppm) 15.0 8.4 8.0 8.2 9.3 0.00
UPPER SITE
# of Amphipods 53 58 169 512 635 58
Temperature (°C) 20.0 19.1 23.0 23.0 16.5 17.0 0.00
Salinity (ppt) 6.5 0.3 12.0 0.0 0.0 14.5 0.35

Dissolved O,(ppm) 7.5 14.0 7.4 11.0 8.2 0.08




Appendix KK. Summary of Regression Analyses of Densities of Amphipods in Epibenthic Samples
Versus Water Quality Data at Bottom Depth, Mattole River Estuary/Lagoon 1987
(Busby et al. 1988).

LOWER SITE
July 31 Sept 2 Oct 3 Nov 1 R?

#/m>  Amphipods 9 73 28 159
Temperature (°C) 19.0 18.0 15.0 14.8 0.30
Salinity (ppt) 0.0 0.0 17.5 8.2 0.10
Dissolved O, (ppm) 7.9 10.5 8.2 5.2 0.31

UPPER SITE
#/m®>  Amphipods 198 272 155 145
Temperature (°C) 20.0 16.9 16.5 14.8 0.12
Salinity (ppt) 0.0 0.0 16.0 6.0 0.46

Dissolved O, (ppm) 8.9 10.7 6.1 4.7 0.91




Appendix LL. Summary of Regression Analyses of Numbers of Planktonic Organisms versus Water Quality
Data at Mid-Depth, Mattole River Estuary/Lagoon 1986 (Barnhart and Busby 1986).

# of Organisms

Temperature (°C)

Salinity (ppt)
Dissolved O, (ppm)

# of Organisms

Temperature (°C)

Salinity (ppt)
Dissolved O, (ppm)

June 18

17

20.7
0.5
8.0

July 2
145
21.0

0.2
8.4

283

19.2
0.3
8.2

LOWER SITE

July 25
849

19.0

4.0

8.2

UPPER SITE

335

20.5

0.0
9.2

Aug 8

448

18.5
0.0
10.2

62

18.0
0.0
8.2

Aug 26
746
20.5

0.0
8.2

2070

23.0
0.0
7.3

Sept 13
794
18.0

0.0
9.7

1557

16.5
0.0
10.4

0.40
0.15
0.05

0.11
0.13
0.00




Appendix MM. Summary of Regression Analyses of Daytime Concentrations of Planktoni
Organisms Versus Daytime Water Quality Data at Mid-Depth, Mattole Ri
Estuary/Lagoon 1987 (Bushy et al. 1988).

LOWER SITE
July 7 Aug 9 Sept 9 Oct 7 R?

# of Organisms/m’ 1.3 3.4 3.8 16.0
Temperature ( C) 17.8 17.5 18.0 17.0 0.75
Salinity (ppt) 0.0 0.1 0.0 14.0 097
Dissolved O, (ppm) 7.9 7.8 8.9 9.8 0.79

UPPER SITE
# of Organisms/m’ 0.3 1.0 316.0 77.3
Temperature ( C) 19.0 18.0 16.5 17.8 0.83
Salinity (ppt) 0.0 0.0 0.0 4.9 0.09

Dissolved O, (ppm) 9.2 8.3 7.0 8.0 0.81




