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PREFACE

This report sumuarizes 1987 biological and physical data for the Mattole
Ri ver estuary and conpares results to previous years. Mst of the available
information on the estuary has been generated from a cooperative research
effort between the United States Bureau of Land Managenent (BLM and Hunbol dt
State University which began in 1984. Findings of this research have been
reported by Barnhart and Young (1985), Barnhart and Busby (1986), and Young
(1987). The purpose of this report is not to duplicate these docunents but to
provi de an expandabl e i nformation base which can be supplenented as nore data
are collected and used as a tool for resource planning and nmanagenent.

A focal point of this report is the inplenmentation of the U S. Fish and
Wldlife Service's wetland and deepwater habitat classification system
(Cowardin et al. 1979) to the Mattole estuary. Designations in this system
may be used to identify sensitive areas or specific managenent units which
require special attention or provisions such as activity or use restrictions
and/or restoration efforts. This report also identifies infornmation gaps and
areas where research has not yet been conducted or additional study is

needed.



| NTRODUCTI ON

The Mattole River estuary is located in southern Hunmboldt County 60 km
south of the city of Eureka, California (Figure 1). Because of the area's
renot eness, very little devel opnent has occurred. Petrolia, the nearest town,
which is located approximately 8 km wupriver from the estuary, has a
popul ati on of 400. Three other unincorporated towns are |ocated higher in the
dr ai nage whi ch have popul ati ons about equal to that of Petrolia. Mst of the
land surrounding the westuary is wused for grazing, |light farmng and
recreation. The estuary itself is used solely for recreation and receives
light to noderate use. Recreational use is expected to increase as popul ation
growmh in northern California continues. The estuary is l|ocated on BLM | and
and is nmanaged as a recreation/conservation area. A small canpground is
mai nt ai ned by the BLM just south of the estuary.

Al t hough renote and sparsely popul ated, evidence of negative human inpact
exi sts throughout the drainage and extends into the estuary in the form of
river channel aggradation and the presence of stray cattle grazing in
riparian areas. Mst of the erosion and resulting sedi nent deposition can be
attributed to deforestation, overgrazing, and other poor |and use practices
such as inproper road building techniques and drainage culvert placenent
(California Departnent of Water Resources 1974; Peterson 1985, pers. comm;
Barnhart and Young 1985; Barnhart and Busby 1986; Young 1987). This report
sumari zes the physical and biological characteristics of the Mattole estuary
and presents nmanagenent recommendations. Problens associated wth human
activities and their related inpacts are identified and discussed as are

areas needing prelimnary or additional investigation.



H STORY OF LAND USE

The first white settlers arrived as early as 1854 and established the
township of Mattole in 1859 (Carkeet 1967; Roscoe 1977). Farmers from the
Marysville, California area settled from 1868 to 1876 and began to devel op
agriculture and livestock for conmmercial and donestic use (Carkeet 1967;
Roscoe 1977). During the area's first 35 years, agriculture was the nopst
i mportant economic resource. Gl was discovered near the confluence of the
North Fork of the Mattole and the main river in 1861 and the first oil well
in California was drilled (Lyttel 1966; Carkeet 1967; Roscoe 1977). The nane
Petrolia was subsequently given to the Mattole township. An oil boom occurred
which lasted until 1866 and the popul ation of Petrolia and the entire Mattole
val |l ey doubled quickly (Carkeet 1967; Roscoe 1977). The inaccessibility of
the region made transportation of the oil and drilling equipment too costly
so extraction of the small volune available became economically infeasible
and the boom died (Carkeet 1967; Roscoe 1977). Additional short-lived oil
boonms occurred in 1889, 1900, 1907, 1921 and 1953 (Carkeet 1967; Roscoe
1977) .

The tan oak (Quercus densiflora) bark and fruit industries flourished at

several tinmes in the Mattole valley. A tannin extracting plant was built just
south of Ettersburg in 1902 (Roscoe 1977). A wharf was built in the estuary
in 1908 to deliver apples and tan oak bark from Ettersburg to ships (Roscoe
1977). A narrow gauge railroad was built from the wharf to a flat 1.5 mles
upriver where pack mules could unl oad goods (Roscoe 1977). Remmants fromthis
railway are still present along the banks of the estuary today. The wharf,
however, failed and was damaged by a storm before the first ship ever |anded
(Roscoe 1977). Subsequent attenpts to repair the wharf failed and it was
permanently destroyed in 1914 (Roscoe 1977). Truck service to the area began

in 1915 (Roscoe 1977).



Fruit and dairy production were major sources of incone in the 1860's. A
creamery existed in Petrolia during this period (Roscoe 1977). Around 1900
livestock production passed crops as the principal incone source of the
region and remmins so today (Carkeet 1967). A decline in the valley's
popul ati on began after the collapse of the oil boom Several economc and
natural disasters which led to this decline are discussed by Carkeet (1967).

Logging in the basin has occurred for many years. Between 1950- 1960 nopst
of the harvestable tinber in the |ower basin was renoved (Barnhart and Young
1985; Young 1987). Logged areas were not reforested and grazing |and was
often created in its place (Barnhart and Young 1985). Today sheep and cattle
ranching are the principal |and uses and sources of income, in the area with
ti mber harvesting and recreation (fishing and hunting) also contributing

significantly to the econoni c base (Carkeet 1967).

PHYSI CAL CHARACTERI STI CS

The available data on estuary basin norphology, estuary water |evel,
tidal influence, water chemistry and physical properties indicate that the
Mattole estuary is a highly dynamic system with changes, often extrene,
occurring on an annual, seasonal, nonthly or even daily basis. An overviewt

of the physical characteristics of the estuary is presented in this section.

Dr ai nage Basin

The Mattole River originates on the eastern side of the Kings Peak range
in Mendocino County within three mles of the Pacific OCcean. It flows
generally north, bounded on the east by the South Fork Eel River drainage. At

Honeydew, the river turns west for its' final approximte 32 km before
entering the Pacific Ocean 60 km south of the city of Eureka (Figure 1).

Approxi mately seventy-four tributaries join the Mattole along its 100 km



Figure 1. Mattole River basin, California



mai nstem (Barnhart and Young 1985). Mst of the drainage lies in southwestern

Hunmbol dt County. The drai nage covers 785 knf (Young 1987).

Ceol ogy

The dom nant conponents of the area are graywacke sandstone and shal e of
the Franciscan formation. Beds are generally 0.30 to 3.0 mthick but range up
to 9.1 m (Decker 1983; Jim Decker, pers. comm). The sand grains are angul ar,
medi um in size and poorly sorted (Decker 1983). Shale beds in this area have
undergone much deformation which is locally acute (Jim Decker pers. conm).
Surrounding areas consist nmostly of Quaternary undifferentiated non-nmarine
terrace deposits (Pleistocene), sand, gravel and clay (Carkeet 1967). Most
of the soils in the area are classified as Hugo (Carkeet 1967; Decker 1983).

Surface deposits of the area consist of local streamalluvia (recent and
old) and stream terrace deposits (Carkeet 1967; Jim Decker, pers. conm).
Many of the streans are full of alluvial debris in an unstable condition.
These deposits arise from the novenment of weathered rock fragnents assisted
by gravity and running water (Jim Decker, pers. comm).

Several active fault systems exist in the immediate area (Carkeet 1967).
Tectonic uplifting of a mddle Wsconsin marine platform near the Mendoci no
triple junction is raising the area at a rate of at least 1.0 nf 1,000 years

(McLaughlin et al. 1983).

Sedi nent

A conprehensive analysis of particle size distribution in the estuary
has never been conducted. All that is known about substrate conposition has
been determ ned by observation and from sanples of benthic nmacrofauna

collected in 1986 and 1987.



The substrate in the |ower |agoon is conposed predom nantly of sand with
| arger rocks and boulders along the eastern shore (Young 1987; Present
study). Strong wind mxing, characteristic of this area, causes the bottomto
be fairly flat and hompgenous (Young 1987). Alternating scouring and
deposition cause large boulders to become exposed and then covered with
sedi ment. Substrate in the upper |agoon is conposed predom nantly of gravel
with frequent cobble and occasional stones and boul ders (Barnhart and Busby
1986; Present study), nore characteristic of riverine systems (Cowardin et
al. 1979; Bottom et al. 1979). Because of the relationship between substrate
types and biota, further discussion of sedinments is presented in the

bi ol ogi cal characteristics section where applicable to habitat types.

Climte

The climate of this coastal region is described as hum d nesothernmal;
heavy winter rains with coastal fog in sumer (California Departnment of Water
Resources 1973). Mean annual precipitation at Petrolia is 62.2 inches
(158 cm (Carkeet 1967). Two thirds of this rain falls in Novermber, Decenber,
January, and April (Carkeet 1967). Hi gher in the drainage, nean annual
precipitation exceeds 100 inches (254 cm (G Peterson, pers. comm). Mean
annual precipitation for the entire drainage is 73.0 inches (185.4 cn)
(Carkeet 1967). Strong northwesterly ocean winds are characteristic of the
estuary and surroundi ng coastal region. Average daily tenperatures range from
75 to 95 °F (23.8-35.0 °C) in the sumer and from 40 to 60 °F (4.4-15.5 °C)
in the winter. Tenperature extrenmes range from 25 to 106 °F (13.8-41.1 °C)

(Ji m Decker, pers. conm).



Ri ver Di scharge

Mattole River flow is extremely variable through the year, ranging
historically from 0.6-2560.0 cnms at the Petrolia gaging station (California
Department of Water Resources 1973). The Petrolia gaging station neasures
river flow from 621 knf of the 785 kn? Mattole drainage. This is approximtely
80% of the Dbasin. Mean nmonthly discharges for the 1984-86 water

years are given in Table 1.

Coastal Processes

The Mattole estuary is classified as a bar built estuary (Pritchard 1967)
but is only seasonal in nature (California Departnent of Water Resources 1973;
Barnhart and Young 1985; Barnhart and Busby 1986; Young 1987). In early
summer, a conbination of sedinment deposition from coastal |ongshore ocean
currents, constructive wave action, and decreased river flows causes a sandbar
to build up which closes the river nmouth (Barnhart and Young 1985; Barnhart
and Busby 1986; Young 1987). This process is described in nmore detail by
Barnes (1980). Similar processes have been docunented in other systens in
Hunmbol dt County such as Big Lagoon (Joseph 1958) and Redwood Creek (Hofstra
1983).

If adequate flows persist, lagoon formation occurs on the Mattole from
mdto late June as was the case in 1986. During extrenely dry years, closure
will take place earlier; in wet years it may never close as was the case in
the sunmer of 1983, but this is extrenely unconmon (G Peterson, pers. conm).
Erosi on of the sandbar by increasing river flow and wave action cause it to be

breached in the fall, usually in COctober.



Tabl e 1. Mean nonthly di scharges and yearly extrenes, neans and total discharges in cubic nmeters per second
1984-86 water years at the Petrolia gaging station, Mattole River, California (Sources USGS 1986,
1987, 1988).
Tot al
V\\ftetaerr Cct . Nov. Dec. Jan. Feb. Mar . Apr . May Jun. Jul . Aug. Sept. M n Max Mean ( mx
109
84- 85 3.0 140.8 45.4 14.0 41.4 29.5 16.3 5.1 2.8 1.3 0.9 0.9 0.7 747 24. 8 0.78

85- 86

86-87

4.4 5.4 35.0 95.0 241.4 85.7 10.5 12.1 3.6 1.7 1.0 5.4 0.6 991 40. 5 1.28

5.7 7.0 25.6 75.0 80.0 93.2 11.0 5.6 2.5 1.3 0.9 0.7 0.6 354 24.8 0. 80




Surface Area and Depth

VWhen the river mouth is closed by the sandbar, river water backs up and
floods an area of approximately 3.0 hectares (Figure 2). The main channel of
the river forms the deepest areas. Depth and surface area of the |agoon
fluctuate (Figure 3). In late sumrer, surface area and depth decrease as a
result of dimnishing river flow, increased evaporation and seepage through
the berm Table 2 gives mninmum and nexi num depths recorded at each of the
four water quality stations shown in Figure 2.

Tabl e 2. M ni mum and mexi mum depths in nmeters at four water quality
stations, Mattole River estuary/lagoon, California 1986-1987.

1986 1987
Stn. M ni num Dat Maxi num Dat e M ni num Maxi num Dat e
dept h dept h depth dept h
1 0.5 09/ 13 1.5 10/ 22 0.1 07/ 29 1.5 11/ 13
2 1.3 09/ 13 2.5 10/ 22 1.0 08/ 28 2.0 11/ 13
3 1.5 08/ 08 3.0 10/ 22 1.5 06/ 18 2.0 11/ 13
4 2.5 07/ 31 3.5 06/ 27 2.3 07/ 29 4.0 05/ 26

Figure 3 and Table 2 indicate that the |agoon was approximtely the sane
size at formation and breaching in 1986 and 1987. In 1987, the |agoon was
deeper soon after closure in May but surface |evel subsided at a faster rate
so that during mid and late sumer it was snaller and shall ower than in 1986.
Al t hough the data are not available at this time, we believe that river flow
was considerably lower in sunmer 1987 and that this was the primary factor

responsi bl e for the lagoon's reduced size in md sumrer.
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Annual variations in depth are also caused by scouring (deepening) in
some areas of the lagoon and sedinent deposition (shallowing) in others.
Station 3 elevated approximately 0.5 m between 1986 and 1987 due to sedinent
deposition. We have no information regarding surface area and depths during
the westuary (open) phase. Personal observations indicate that the surface
area of the estuary at high water (nmonthly spring tide) is approximtely equal

to that of the lagoon at maxi mum vol une.

Ti des

Little information exists on tidal heights, hydraulics, prism or flushing
for the Mttole estuary. Mean tide Ilevels at Cape Mendocino, California,
which is the nearest recording station, probably best approxinate those at the
Mattole (U.S. Departnent of Comerce 1987). Mean tide level is 3.1 feet with
a nean fluctuation range of 4.0 feet. Diurnal range is 5.7 feet (1987). Tides
have a mininal effect on water level in the l|agoon; the extent has not been
quantified. Seawater overwash caused surface level in the lagoon to rise 0.85
feet between October 5 and 8, 1987 (Figure 3). W believe that outflow ng

seepage through the sandbar is reduced at high tide.

Salinity and M xing

Most of the information on salinity and mixing has been collected during
the sumer nonths when the river nouth is closed; as a result, little is known
about these paranmeters in the estuary. California Departnent of Wt er
Resources (1973) describes the Mattole estuary as abbreviated; seawat er
intrusion my only extend 300 m above the river's nmouth. Shortly after
closure of the sandbar, incomng river water and wi nd driven mixing cause the
system to becone essentially freshwater (Barnhart and Young 1985; Barnhart and

Busby 1986; Young 1987). Because of the intense and persistent wi nds



characteristic of the area, mixing is vigorous throughout the entire water
col um.

Occasionally seawater washes over the berm at high tides during the
sumrer (California Department of Water Resources 1973; Barnhart and Bushby
1986; Young 1987). This seawater is wusually visible as plunes of lighter
col ored water which are pushed southeast by the wind as they sink and form a
| ayer about 0.5 to 2.0 mthick in isolated deep pockets of the |agoon. This
| ayer of cold, saline water is quickly diluted by incomng river water and
mxed into the water colum, rarely persisting over 24 hours except at
station 2 which is protected fromthe wind by More Hill (Barnhart and Busby
1986; Young 1987) (Figure 2). The seawater |layer at times is pushed into the
upper |agoon several hundred neters (between stations 1 and 2). Figure 4
shows the upriver intrusion distance of a seawater |ayer at high tide after
overwash on Novenber 13, 1987.

Salinity values ranged from4.0 to 27.0 ppt in 1985 (Young 1987), 0.0 to
14.5 ppt in 1986 (Barnhart and Busby 1986), and 0.1 to 20.5 ppt in 1987. Wen
present, saline water was concentrated in a layer up to 2.0 m thick on the
bottom and was frequently isolated in deep areas in the flooded river
channel. Table 1 (Appendix) gives salinity profile measurenments for 1987.
Data could not be collected at station 1 fromJuly 27 to Novenber 1, 1987 due
to inadequate depth. Salinity profiles for earlier years are reported in

Bar nhart and Busby (1986) and in Young (1987).

Wat er Tenperature

Dai |l y maxi mum surface tenperatures in the upper |agoon ranged from 17 to
23°C during the 1987 survey period (Table 2, Appendix). Maxinmm daily
tenperatures of 20°C or greater occurred throughout July and August except on

2 occasions (Table 2, Appendix). Diurnal fluctuations up to 5°C (18-23°C)
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were experienced during this period. Mxinum tenperatures generally occurred
around 2:00 p.m and persisted wuntil about 10:00 p.m Maxinmum daily
tenperatures fell to 20°C or below in Septenber. Barnhart and Busby (1986)
reported mexinmum daily tenperatures ranging from 15 to 26°C in the upper
| agoon during 1986.

Maxi mum daily surface tenperatures in the |ower |agoon ranged from 16 to
21°C in 1987. Daily maxinum tenperatures of 20 and 21°C occurred frequently
in July only. Diurnal fluctuations up to 3°C were experienced during this
period. Simlar tenperature regines in the |ower |agoon were reported by
Bar nhar t and Busby (1986). Because  of its exposure to prevailing
northwesterly winds, the lower lagoon is usually 1 to 4°C cooler than the
upper | agoon (Table 2, Appendi x).

Tenperature profiles seldom exhibited well defined thernoclines in 1987
(Table 3, Appendix). A thernocline developed at station 3 between 1.0 and
2.0 m depth on June 5, 1987 (Table 3, Appendix). A thernocline was also
measured at stations 2, 3 and 4 on the night of October 7, 1987 (Table 3,
Appendi x). On OCctober 7, wndless and calm conditions probably pronoted
thermal stratification. Fall thernoclines in the Mattole |agoon are probably
more a result of colder, recently overwashed seawater |ying on the bottomthan
actual differential heating of the surface layer. Young (1987) reported
tenperature regines in 1985 simlar to those of 1986 and 1987.

Inverse stratification due to nmerom xis, reported by Barnhart and Busby
(1986), was never neasured in 1987. Meronixis occurs when a |lens of dense,
saline water on the bottomis heated by solar radiation refracted through the
overlying freshwater to higher tenperatures than water above it (Lichatow ch
and Nicholas 1985). Tenperature data were not collected in the estuary prior

to | agoon fornmation.



Di ssol ved Oxygen

Di ssol ved oxygen concentrations in the upper |agoon ranged from 2.8 to
14.5 ppm in 1987 (Table 4, Appendix). The low end of this range is
considerably |lower than the 7.3 to 14.4 ppm range reported by Barnhart and
Busby (1986). Lower |agoon concentrations ranged from 7.0 to 15.4 ppmin 1986
and from5.0-11.8 ppmin 1987 (Barnhart and Busby 1986, Present study).

Low di ssolved oxygen levels (2.8, 4.7 ppn) were noted on one night and
one day water quality analyses. These occurred on the night of Septenmber 9
and on the day of Novenber 13, 1987. 1In both cases the |low oxygen
concentration was limted to the bottom 0.5 nmeters at station 2 (Table 4,
Appendi x). This was probably caused by respiration of large quantities of
green algae and the lack of mxing at station 2 which is often sheltered from
prevailing northwest w nds. These oxygen depletions may occur on a nightly
basis in the late summer-early fall. The effects of night tinme oxygen
depletions on the aquatic biota of the lagoon is not clearly understood at
this tinme. Throughout the 1985, 1986 and the remaining 1987 study periods,
measured di ssolved oxygen |evels remained above the nininum acceptable |eve

of 5.0 ppmset by the United States Environnental Protection Agency (1976).

Turbidity

During 1987 turbidity measurenents ranged from 0.25 to 2.00 NTU and were
lowest in early June and | ate Septenber (Table 5, Appendix). Turbidity ranged
fromO0.60 to 2.80 NTU in 1985 and from 0.37 to 1.20 NTU in 1986. Turbidity is
nearly always higher in the | ower |agoon because vigorous winds nmx the entire
wat er colum and suspend bottom sedinments. Seawater overwash and subsequent
sandbar erosion increase turbidity in the |agoon as does increased surface

runoff from precipitation. Although not measured, turbidity of dilute



seawater |ayers on the bottom may exceed that of the overlying freshwater by a

magni tude of 100 or more (G Bryant, pers. comm).

pH

Measurenents of pH renmined 8.5 throughout the entire 1987 study period
at all stations. Young (1987) reported a range of 85 to 9.0 for 1985 and a
range of 7.0 to 8.5 was reported by Barnhart and Busby (1986). In all cases,

pH fell within the 6.5 to 9.0 range specified as suitable for freshwater

aquatic life (United States Environnental Protection Agency 1976).

Bl OLOG CAL CHARACTERI STI CS

After closure of the sandbar, the |agoon deepens and expands, flooding
| arge boulders and riparian vegetation which creates habitat for aquatic
plants, benthic and planktonic macrofauna, insects, reptiles, anphibians,
fish, birds, and mammals. Physical and chenmical characteristics play an
inportant role in the quality and quantity of this habitat. For exanple,
rapidly dropping water levels in md-late sumer can greatly reduce the
quantity and quality of available habitat. As depths are reduced, tenperature
generally rises which excludes salmnids from certain habitats or restricts
their mgrations within the |agoon. Dissolved oxygen levels can becone
greatly reduced, especially at night, as a result of increased plant and
animal respiration and |owered oxygen production. Receding water |evels
separate the south slough (Figure 2) fromthe Mattole | agoon's main enbayment
resulting in isolated pools with stranded fish. It is understandable why
Barnes (1980) wote, "Lagoons, especially the snaller ones, are rapidly
changi ng, highly dynam c systenms and their biology cannot be understood except

within the framework of their formation, evolution and subsequent decline"



Most of the available biological information concerns residency of
juvenile salmnids in the | agoon (Barnhart and Young 1985; Barnhart and Busby
1986; Young 1987; Busby in prep.). Little biological data have been collected
during the systens' open (estuary) phase. This section provides an overview
of the information available on productivity, plants, habitat types, benthic
and pl anktoni ¢ macrofauna, anphibians, reptiles, fish, birds, and mammals in

the Mattol e River |agoon. Some research in progress is previewed.

Primary Productivity

Primary productivity in the Mattole estuary/lagoon has not been
assessed. Sinmenstad (1983) summarizes the production of plant biomass through
the photosynthetic fixation of carbon at several phyl ogenetic |evels
characteristic of estuarine channels of the Pacific northwest. These |evels
i nclude benthic mcroflora, macroal gae, angi ospernms and phytopl ankton

Benthic mcroflora typically include benthic mnicroal gae such as diatons
(Bacil | ari ophyceae) which occur in the wupper 1 cm of bottom sedinments
(Sinmenstad 1983). Macroal gae generally include various bluegreen algae and

species of Enteronporpha spp. and Fucus spp. Less domnant forms include

speci es of Mnostronma spp., Uva spp., Rhizoclonium sp., and others. Eelgrass

(Zostera spp.) is the angiosperm comon to Pacific Northwest estuaries
(Sinmenstad 1983). Dom nant phytoplankton taxa vary on a seasonal basis in
estuaries. Al t hough di nof | agel | ates are occasional ly abundant ,
nannopl ankt oni ¢ di atons appear to be the nobst abundant forms during the sumer

and fall periods of peak phytopl ankton production (Sinmenstad 1983).

Detritus Processing

The formation of barriers which partially or conpletely close estuaries

and | agoons acts as a trap for allochthonous and autocht honous material s



i ncluding dissolved, fine and large particulate organic carbon (DOC, FPCC,
LPOC) and detritus (Sibert et al. 1977; Reiners 1978; Odum et al. 1979; Barnes
1980). Darnell (1967) has defined organic detritus as "all types of biogenic
material in various stages of mcrobial deconposition which represent
potential energy sources". This includes a wide size range of material from
di ssol ved organic carbon nmolecular aggregates to whole tree trunks from
mari ne, estuarine, riverine and terrestrial sources. Since nuch of this
material has originated from nruch larger organic particles which were
mechani cal ly or biochemcally reduced to FPOC, this definition should include
any free (non-attached) particles of organic matter which no longer, if ever,
produce carbon through photosynthesis (Sinenstad 1983). Figure 5 shows sone
of the potential sources and pathways of organic detritus in estuaries of the
Paci fic Northwest.

A pool of detritus and DOC accunul ates in estuaries and |agoons which
can be utilized by the biotic conmunity (Odum 1970; Sibert et al. 1977;
Reimers et al. 1978; Tenore 1977; Odum et al. 1979; Barnes 1980; MlLusky 1981
Si menstad 1983). Recent evidence suggests that directly through detrivory or
het erotrophic processes, detritus may constitute the dom nant pathway of
trophic carbon into estuarine food webs (Odum 1970; Tenore 1977; Odum et al
1979; McLusky 1981; Simenstad 1983). The estuarine/ lagoonal pool of detritus
and DOC is not limted to benthic production as wind driven circulation often
penetrates to the bottom and resuspends sedinment, detrital conmponents and
m croorgani sms, thus meking them avail able to the planktonic conmmunity (Tenore
1977; Barnes 1980; Sinenstad 1983). A possible food web diagram for the
Mattole River estuary/lagoon is presented in Figure 6. The anount of

avail able detritus based carbon (carbon from detrital origins) and its



RIVERINE SOQURCES ESTUARINE SOURCES MARINE SOURCES
INVERTEBRATES 4 OTHER
ESTUARWNE ANIMALS

EEL GRASS

PHYTOPLANKTOM
& BENTHIC PHYTOPLANKTON
MICROALGAE

EMERGENT

FOREST LITTER PLANTS

PHYTOPLANKTON
& OTHER ALGAE
LEACHING

4%

2D0OPLANKTON & OTHER
FRESHWATER

ANIMALS ’,

)

Fig. 5. Potential sources and pathways contributing to detritus in
estuarine channel habitats of the Pacific Northwest (from
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i mportance in the food web of the Mattol e estuary/l agoon has not been

det er mi ned.

Habi t at Types

Habitat types in the Mattole River estuary/lagoon were inventoried using
the United States Fish and WIldlife Service's classification system of
wet | ands and deepwater habitats of the United States (Cowardin et al. 1979).
Aerial photographs along with ground observations and neasurenents were used
to construct a map which delineates habitat types (Figure 7). The original of
this map is on file at the US. Fish and WIldlife Service, California
Cooperative Fishery Research Unit, Humbol dt State University, Arcata.

The structure of this classification systemis hierarchical, progressing
from Systens and Subsystens at the npbst general levels, to Classes, Subclasses
and Dominance types based on vegetation and/or substrate conposition.
Modi fiers for water reginme, water chenmistry and soil types can be applied to
cl asses, subclasses and doninance types to achieve nore detail. Special
nodi fiers that describe wetlands and deepwater habitats that have been either
created or highly nodified by nman may also be used (Cowardin et al. 1979)
The classification criteria and detailed explanations for the use of this
system can be found in the above cited text.

Marine, riverine, palustrine, and estuarine systems are present in the
area around the nmouth of the Mattole River (Figure 7). The marine systemis,
however, omitted from this discussion because the estuary is the focus of the
present study and the marine system was segregated from the estuarine system
by the sand bar during the majority of all study periods.

The estuarine system includes both estuaries and |agoons (Cowardin et
al. 1979). Estuarine systens are divided into subtidal and intertida

subsystenms and they extend upstream and | andward to where ocean-derived salts



Habitat Map of the MATTOLE RIVER ESTUARY
October, 1987
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Figure 7. Habitat map of the Mattol e Estuary/Lagoon, California, October 1987. Classification
System by Cowardin et al. 1979. (Map |legend is on the next page).
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measure |less than 0.5 ppt during the period of average annual |ow flow (Figure
7). In the subtidal system the substrate is continuously subrmerged. In the
intertidal subsystem the substrate is exposed at tines and flooded at tines;
this includes the associated splash zone. Exanples of estuarine wetlands in

Figure 7 include E1UB2 and E2RS2. E

estuarine system 1 = subtidal
subsystem 2 = intertidal subsystem UB = unconsolidated bottom class, RS =
rocky shore class, 2 = sand subclass, 2 = boul der subclass (refer to | egend of
map Figure 7).

A palustrine system exists to the west of the estuarine system (Figure
7). The palustrine systemincludes all non-tidal wetlands domi nated by trees,
shrubs, energent nosses or lichens, and all such wetlands that occur in non-
tidal areas where salinity due to ocean-derived salts is less than 0.5 ppt
(Cowardin et al. 1979). No subsystens exist in the palustrine system
Several classes exist which are based on dom nant vegetation and/or substrate
conposition (Figure 7). Exanples of palustrine wetland habitat in the area
i nclude PSS1 and PFL5W P = palustrine system SS = scrub shrub class, FL =
flat class, 1 = broadleaved deciduous subclass, 5 = vegetated pioneer
subclass, W= intermttently fl ooded water regime nodifier.

Riverine wetland habitats are present wupriver and |andward of the
Mattol e estuarine system (Figure 7). Riverine wetland habitats are those
contained within a channel that have less than 0.5 ppt content of ocean-
derived salts and are not domi nated by trees, shrubs, persistent energents,
enmergent nosses, or lichens. Because this inventory was concerned wth

estuarine resources, the riverine habitats are not discussed.

Pl ant s
This section presents a phylogenetic plant list for the Mattole

estuary/lagoon (Table 3). The list is probably not conplete; an intensive vegetative

anal ysi s coul d not be acconplished under the constraints of the 1987 study.



Tabl e 3.

identified in the Muttole River
and surrounding riparian areas. Sources: MGCeachy
1979; Present study. Taxonom ¢ key used - Jepson 1975. Habitat types
for various taxa as given by MGCeachy (1979) are shown in brackets
and are exenplified by words such as [Marsh]. Habitats of taxa
identified during the present study are shown in parenthesis and are

Phyl ogeneti c
estuary/ | agoon

list of plant taxa

gi ven

al pha-nuneric
system of Cowardin et al

desi gnati ons
(1979).

according to

Scientific name

Conmon nane

Habi tat type(s)

Cal anmophyt a
Equi set um sp.
Pt er ophyt a
Ant hophyt a
Di cot hyl edoneae
Ai zoacea

Mesenbr yant hemum sp.

Sesuvi um sp.
Anacar di aceae
Toxi codendr on
di versi |l obum
Aral i acea
Aralia sp.
Bet ul aceae
Al nus rubra
Caprifoliaceae
Sanmbacus sp.
Caryophyl | aceae
Silene gallica
Silene california
Chanmecypari s
Cypressus sp.
Conposit ae
Achi | | ea
MIlifotlium
Artenesi a
Dougl asi ana
Baccharis pilularis

Eri geron gj aucus

Grindelia stricata

Leont odon | eysseri

Si | ybum mari anum

Anbr osi a

cham ssoni s

Erechtites sp
Crassul acea

Dudl eya sp

Hor setail s

Ferns

Fl oweri ng pl ants
Di cots

I ce plant
Sea pursl ane

Poi son oak

Red al der
El der

W ndm || pink
I ndi an pink

Mont erey cypress

Yar r ow

Coyot e brush
Seasi de dai sy
Gumy sunf | ower

MIk thistle

Ragweed

Li ve-forever

[ Fl ood pl ai n- mar sh]

( PFO1, 3) (PFO1)

( E2BB1)
( E2BB1)

( PSS1) ( PFO1, 3) ( PFO1)

(PFO1, 3)[Scrub in Al nus stand]

( PFO1. 3)
( PFO1)

( PSSD( PFQ )
( PSS1) ( PFO1) ( E2BB1)

( E2F06, 7)

( E2BB1)

[ Scrub]

[ Scrub]
(E2BB1XE2RS2)
(E2BB1HE2RS2)

[ Fl ood plain]

[ Scrub and narsh]

[ Beach]
[ Scrub]

[ Scrub]

the classification
An exanple of this is (E2RS2).



Tabl e 3. Phylogenetic list of plant taxa identified in the Mttole River
estuary/lagoon and surrounding riparian areas. Sources: MGeachy
1979; Present study. Taxononmic key used - Jepson 1975. Habitat
types for various taxa as given by MGeachy (1979) are shown in
brackets and are exenplified by words such as [Marsh]. Habitats of
taxa identified during the present study are shown in parenthesis
and are given alpha-nuneric designations according to the
classification systemof Cowardin et al. (1979). An exanple of this
is (E2RS2) (conti nued).

Scientific name Common nane Habitat type(s)

Br assi caceae
Brassi ca canpestris Mistard (PFO1) (PSS1) (R2BB1W
Cackil e edentul a -
Cackile maritim Sea rocket [ Beach]
Er ysi mum coni ci nnum - [ Beach]
Rhaphanus sp. Radi sh ( PFO1KR2BB1W
Cucur bi t aceae
Mar ah oreganus Man root or western [ Beach foredune]
cucunber (E2RS2) ( E2BB1)
Garryaceae
Garrya ellipticata Silk tassel [ Scrub]
Lam aceae
St achys chani ssoni s - [ Scrub]
Stachys rigida - [ Scrub]
Fabaceae
Lathyrus littoralis Beach pea [ Beach]
Lot us corni cul ot us Birds-feet trefoil [ Mar sh]
Lupi nus al bifrans Lupi ne [ Scrub]
Lupi nus bi col or Lupi ne (R2BB1W ( R2BB2W
Trifoliumfucatum Sour cl over [ Scrub]
Trifolium
Wor nekj ol di i Cl over [ Mar sh]
Viciji sp. Vet ch (PSS1) ( PFL5W
Mal vaceae
Si dal cea
mal achr oi des - [ Scrub]
Nyct agi naceae
Abronia latifolia Sand ver bana [ Beach]
Onagr aceae W I | ow herbs
Cl ar ki a anpena [ Scrub]
Epi | obi um wat soni i
franci scanum [ Scrub, Marsh]
Epi bol i um sp.
(several sp.) (E2BB1) ( E2RS2)

Oxal i daceae

Oxalis sp. Wbod sorrel (PFO1, 3)

Papaver aceae

Eschshol zi a
californica California poppy (E2BB1) ( E2RS2) ( PF01)



Table 3. Phylogenetic list of plant taxa identified in the Mttole River
estuary/lagoon and surrounding riparian areas. Sources: MGCeachy
1979; Present study. Taxonomic key used - Jepson 1975. Habitat
types for various taxa as given by MGeachy (1979) are shown in
brackets and are exenplified by words such as [Marsh]. Habitats of
taxa identified during the present study are shown in parenthesis
and are given alpha-nunmeric designations according to the
classification systemof Cowardin et al. (1979). An exanple of this
is (E2RS2) (continued).

Scientific name Common nane Habitat type(s)
Pi naceae
Pseudot suga
menzi esi i Dougl as fir (E2F06, 7)
Pl ant agi naceae
Pl antago hirtella Pl ant ai n [ Mar sh] ( PSS1) (E2FL2P) ( PFL5W
Pl ant ago | ancel ata English plantain (PSS1) (PFA)
Pol enoni aceae
Glia capitata - [ Scrub]
Glia tricolor - [ Scrub]
Ranuncul aceae [ Scrub]
Ranuncul us California
californi cum buttercup (PFO1)
Rhamaceae
Ceanot hus spp. Ceanot hus (PFO1)
Rosaceae
Hol odi scus di scol or Cream bush
Potentilla egedei Five finger [ Mar sh]
Sal i caceae W1 I ows
Sal i x couteri ( PFL5W ( PFO1)
Sal i x sp.
(several others) ( PFL5W ( PFO1)
( ED2F06)
Hi ppocast anaceae
Aescul us
californica Buckeye (E2F06, 7) (PFO1, 3)
Saxi fragaceae
Ri bes nenziesii [ Scrub]

Scrophul ari aceae
M nul us aurantiacus Bush nonkey fl ower [ Scrub]

M nul us guttatus Common nonkey fl ower (PFO1)(E2BB1)
Ot hocar pus sp. OM 's clover (PFO1) (E2BB1)
Scrophul ari a

californica Fi gwort (PFO1) (E2BB1)

Castilleja sp. Pai nt br ush (E2BB1) ( E2RS2)




Tabl e 3. Phylogenetic list of plant taxa identified in the Mattol e

Ri ver estuary/lagoon and surroundi ng riparian areas. Sources:

McGeachy 1979; Present study. Taxonom c key used - Jepson 1975
Habitat types for various taxa as given by MCGeachy (1979) are
shown in brackets and are exenplified by words such as [ Marsh].
Habitats of taxa identified during the present study are shown

in parenthesis and are given al pha-nuneric designations
according to the classification system of Cowardin et al
(1979). An exanple of this is (E2RS2) (continued).

Scientific nane

Conmon nane

Habitat type(s)

Api aceae
Her acl eum | anat um
Coni um nacul at um
Cenant he sar nent osa

Monocot yl edoneae
Poaceae
Distichlis spicata
Ant hoxant hum
ari statum
Avena barbata
Cal anmagrosti s
nut kaensi s
Hol cus | anat us
Bronus di andr us
Bromus nollis
Cyper aceae
Car ex obnupt a
El eochari s
pal ustris
Cyperus sp
Cynosur us echi nat us

Loliummnultiflorum
Poa dougl asi
I ri daceae
Iris dougl asi ana
Juncaceae
Juncus effusus
Juncus sp

Hor deum
brachyant herum

Cow parsnip
Poi son hem ock

Mbonocot s

Sweet grass
WIld oats

Reed grass

Bronme grasses
Sedge

Ealingale

Bl uegrass
Fl ag

Bog rush
Rush

[ Scrub]
(PF01) (PFO1, 3)
[ Mar sh]

[ Scrub]

[ Mar sh]
[ Scrub]

[ Scrub]
[ Marsh and fl oodpl ai n]

[ Beach]
[ Scrub]

(E2F06, 7) (E2FL2P)
(PSS1)

[ Scrub and marsh]
(E2F06, 7) (PSS1)
(PEMLW [ Scr ub]

[ Scrub]

[ Beach]

[ Scrub]

(Scrub and marsh)

(E1UBl) (E1UB2) (E2EML)
and nost pal ustrine
flats (PFL-)

[ Scrub]



Pl ankt oni ¢ Macr of auna

Qualitative and quantitative investigations of planktonic mnacrofauna
were conducted during the 1986 and 1987 study periods. The data collected are
currently being analyzed (Busby in prep.). Inspection of sanples collected in
1986 revealed large nunbers of aquatic mtes, nmysid shrinp, the gammarid

anmphi pod Corophium spinicorne and terrestrial insects (ants, beetles,

spiders). The marine/estuarine copepod Arcartia clausii was identified in

sanmpl es collected while the |agoon was entirely freshwater. Sanples collected
in 1987 appear to contain many of the sane organisms. Large nunmbers of

t hreespi ne stickl eback (Gasterosteus acul eatus) |arvae, juveniles and adults

were seen in sanples collected in the | ate sumer of 1987.

Bent hi ¢ Macr of auna

The abundance, bi omass, and species conposition of benthic macrofauna in
the Mattole River estuary/lagoon are currently being determned (Busby in
prep.). Initial inspection of sanples collected suggest that densities of
benthic macrofauna are substantially greater in the upper |agoon. The

gammari d anphi pod Cor ophi um spini corne occurs throughout the |ower |agoon and

nmost of the upper |agoon, but was never found at water quality station 1

(Figure 2). Corophium spinicorne appears to be the npbst abundant benthic

organi sm The isopod Gnorinpsphaeronma oregoniensis and a Trichopteran (caddis

fly) larvae, Gunmmga griseus are also abundant. Aquatic insects appear to be

nore abundant in the upper |agoon which has a cobble-gravel substrate nore

characteristic of riverine systens. Several other organi sns have al so been



identified in the sanples. A prelimnary list of benthic macrofauna in the

Mattol e River estuary/lagoon is presented in Table 4.

Reptil es and Anphi bi ans

No conprehensive studies or lists of reptile and/or anphibian species
have been conpleted specifically for the Mttole River estuary/lagoon. The
California Departnent of Fish and Gane (1973) conpiled a list of reptiles and
anphi bians for the entire drainage. This list is presented in Table 5. An
asterix indicates that a particular species was sighted during the 1986-1987
study periods. All of the species in Table 5 are believed to occur in the

Mattol e Ri ver estuary/lagoon area (J. Decker, pers. comm).

Fi sh

Fi sh surveys conducted in the Mattole River estuary/lagoon have focused
primarily on the distribution, abundance and food habits of juvenile sal nonids
(Barnhart and Young 1985; Barnhart and Busby 1986; Young 1987; Present study).
O the juvenile salmnids occurring in the 1agoon, chi nook sal npn

(Oncor hynchus tshawytscha) have received the npst attention. Mst collections

were made using a 54.7 x 4.8 m beach seine with 6.4 mm nesh set froma 4.3 m
al umi num boat with a 25 horsepower outboard notor.

Several species of marine fish were caught in the estuary/lagoon while
sanpling juvenile salnonids. All fish species collected from May 1984 to
November 1987 are listed in Table 6. Steel head, chinook sal non and threespine
sti ckl eback were the npst abundant fish species caught during the 1984 through
1987 study peri ods.

Schools of threespine stickleback utilized warm shallow fringe areas
al ong the estuary/lagoon near subnerged riparian vegetation or algal beds.

Stickl eback were al so caught in beach seines in the deeper areas of the



Tabl e 4.

Prelimnary |list of benthic invertebrate nmacrofauna collected
during the 1986-1987 study periods Mattole River estuary/lagoon,
California. Taxonomic Sources: Snmith and Carlton eds. (1975);
Barnes (1980); Merritt and Cumm ngs (1984).

Scientific nanme

Conmpbn nane

Pl at yhel m nt hes
Turbell ari a
Seriata
Tricladia
Nemat oda
Annel i da
A i gochaeta
Tubi fici da
Tubi fi ci dae
Mol | usca
Gast ropoda
Neogast r opoda
A ividae
Aivella biplicata

Art hr opoda
Chelicerata
Arachni da
Acarina
Hydr acari na
Crust acea
Ostracoda
Copepoda
Cal anoi da
Arcartia clausii
Cycl opoi da
Cycl ops sp.
Mal acostraca
Mysi dacea
Mysi dae
Neonysi s nercedi s

| sopoda
Spaer onmt i dae
Gnor i noi phaer oma
or egoni ensi s

Anphi poda
Cor ophi i dae
Cor ophi um

spi ni cor ne
Ganmar i dae
Ani soganmar aus
conf ervi cul ous

Fl at wor ns

Pl anari ans
Roundwor ns

Segnent ed worns, | eeches

Mol | uscs
Snails, linmpets, nudibranchs
A ive snai

Nonant ennat e art hropods
Spi ders, mtes, ticks
Mtes, ticks

Aquatic nmtes

Crust aceans

Seed shrinps

Copepods

Opossum shri nmp
| sopods

Amphi pods



Tabl e 4. Prelimnary list of benthic invertebrate macrofauna collected during
the 1986-1987 study periods Mattol e River estuary/l agoon,
California. Taxonom c Sources: Smith and Carl ton eds. (1975); Barnes
(1980); Merritt and Cummings (1984). (continued)

Scientific name Common nane

I nsecta Aquatic, terrestrial insects
Col eoptera Beet | es

Chrysonel i dae
Dyti sci dae
Or eodytes sp.
El m dae
Heterli mus sp.
Zai tzevia sp.

Di ptera True flies
Chi rononi dae M dges
Ti pul i dae Craneflies
Ephener opt era Mayfli es
Baet i dae
Baetis sp.

Ephenerel | i dae
Serratella sp.
Lept ophel ebi i dae
Par al ept ophl ebi a sp.
Si phl onori dae
I sonychi a sp.
Tricorythi dae
Tri corythodes sp.
Heni ptera True bugs
Cori xi dae
Naucori dae
Pel ocris sp.

Megal opt era Al derflies, Dobsonflies
Sialis sp. Al derflies
Pl ecopt era Stoneflies
Capni i dae
Capni a sp.
Trichoptera Caddi sflies

Hydroptilidae
Ithytrichia sp.
Oxyt hria sp.

Lepi dost omat i dae
Lepi dost onus sp.

Li mephel i dae
Di cosnecus sp.

Seri cost omat i dae
Gunmaga gri seus




Table 5. Reptiles and anphi bians of the Mattole River
by order. Sources: California Departnent of

U. S. Forest Service 1979.

estuary/lagoon listed
Fish and Game 1973;

Commpn nane Scientific nane

Reptil es

*Qbserved or

Western fence |izard*
Sagebrush lizard
West ern ski nk
Northern alligator
Sharp-tail ed snake
Racer

Common ki ng snake
Western rattl esnake*

Rubber boa

Ri ngnheck snake

Paci fi c gopher snake*

W terr. gartersnake*

W terr. aquatic gartersnake*
Common gart er snake*

lizard*

Anphi bi ans

Paci fic gi ant sal amander*
N. rough-ski nned newt
Ensati na

Ca. sl ender sal amander*
Speckl e bl ack sal amander
Cl ouded sal amander

Ar bor eal sal amander

Brown N. W sal amander

d ynpi ¢ sal amander

W toad

Pacific tree frog*
Red- | egged frog (Cascade)
Foothill yell ow | egged frog
Bull frog*

col l ected during 1986-87

Scel oporus occidental s
Scel oporus graci osus

Euneces skil t oni anus
Gerrhonotus coerul eus
Contia tenuis

Col uber constrictor
Lanpropel tis getul us
Crotalus viridis
Chari na bottae

Di adophi s punct at us
Di t uophi s catenifer
Thamophi s el egans
Thamophis sirtalis
Thamophi s couch

Di canpt odon ensat us
Tari cha granul osa
Ensatina eschschol t zi
Bat rachoseps attenuatus

Anei des fl avi punct at us
Anei des ferreus

Anei des | ugubris
Anmbystoma gracil e
Rhyacotrfton ol ynpi cus
Buf o boreas

Hyla regilla

Rana aurora

Rana boyl ei

Rana cates bei ana

st udy peri ods.



Table 6. Fish collected Mattole River estuary/l agoon
May 1984 to Novenber 1987

California,

Conmon nane

Scientific nanme

Fr eshwat er

Mar i ne

Pacific | anprey

Coho sal non

Chi nook sal non

St eel head

Surf smelt

Thr eespi ne stickl eback
Redtail surf perch

Shi ner perch

Wal | eye surf perch
Coastrange scul pin
Prickly scul pin

Paci fic staghorn scul pin
Speckl ed sanddab
Starry flounder

Lanpetra tridentatus
Oncor hynchus ki sut ch

0. tshawytscha

Sal no gai rdneri
Hyponesus preti osus
Gast er ost eus acul eat us
Anphi sti chus rhodot erus
Cynat ogast er aggregata
Hyper pr osopon argent eum
Cottus al euticus

Cottus asper

Lept ocottus armatus
Cithari cht hys stignmeus
Pl ati cht hys stell atus

X X X X X| Anadr onpus

>

X X X X

x X



| agoon. The abundance of threespine stickleback was not estimated and little
is known about their ecological relationships in the food web except that

stickl eback | arvae are eaten by juvenile chinook sal non (Young 1987; Busby in
prep.). They are, perhaps, the npbst abundant fish in the lagoon in md to
| ate sumer.

Poor land wuse practices have severely inpacted anadronous fishery
resources in the Mattole River drainage (CDF&G 1965; Barnhart and Young 1985;
Pet erson 1985; Young 1987). The chinook salnmon run size was estimated to be
around 5,000 adult spawners per year in the 1960's (CDF&G 1965). Erosion and
sedi nent deposition have caused significant degradation of spawning and
rearing habitat (Peterson 1985; Young 1987). Estimates of recent chinook run
sizes have approximated 1,000 spawners; the 1985 run was estimated at |ess
than 600 spawners (Peterson 1985). The California Departnment of Fish and Gane
estimated that adequate habitat existed in the Mattole to acconmmodate 7,900
spawni ng pairs of chinook salnmon in the early 1960's (CDF&G 1965).

Adul't chinook mgrate fromthe ocean into the estuary after the sandbar
breaches anytinme from Septenber to Novenber. W believe that sone fish my
enter the |l agoon on | arge waves that break over the berm at high tides before
breachi ng occurs. Chinook continue to nove into the estuary and upstream to
spawni ng areas through md-January (G Peterson, pers. conm). Fry enmerge in
March and April (Brown 1972) and soon nove downstream (G Peterson, pers
comm ). Downstream mgration usually peaks in April or early My and is
conplete by the end of June or the first week of July (G Peterson, pers.
comm ). Mst chinook fry probably mgrate directly to the ocean and avoid
becoming trapped in the lagoon. This inmediate downstream migration of

chinook fry is probably due to high river tenperatures. The only juvenile



chinook in the river systemduring the sumrer are those in the |agoon (J.
Decker, pers. comm).

Juvenil e chinook have been observed or collected in many areas in the
estuary/lagoon during the 1984-1987 study periods (Barnhart and Young 1985
Barnhart and Busby 1986; Young 1987; Present study). These areas are
delineated in Figure 8. Chinook were generally captured in the deeper areas
of the |l ower |agoon. Chinook in this area exhibited nore pronounced schooling
behavi or than steel head which tended to forage in | ooser assenbl ages and only
formed schools when disturbed. Steelhead also utilized shallower areas such
as the wupper lagoon and south slough to a greater extent than chinook.
Chi nook were, however, observed and collected in these areas but in smaller
nunmbers. Chinook and steelhead in these areas coexisted and were not
segr egat ed.

A small school of about 30 juvenile chinook was subsanpled during an
el ectrofishing survey of an isolated pool of the south slough on July 15,
1987. On a return survey conducted on Septenber 19, the pool had dried up and
all chinook were assuned to have perished.

The nunber of juvenile chinook that reside in the lagoon during the
sumer varies annually based on several interacting physical and biol ogica
factors. Annual variations in chinook abundance are denpnstrated by nean
mont hly catch per seine haul data which are presented in Table 7.

Monthly estimates of juvenile chinook abundance in the |agoon were
conmputed using the Peterson nethod (Ricker 1975). These estimtes required
mark and recapture experinments and that several assunptions be nmet to
val i date use of this nmethod. These procedures and assunptions are described
in detail by Young (1987). Estimated nonthly abundances of juvenile chinook

during the 1985-1987 study periods are conpared in Table 8.
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Table 7. Mean nonthly catch per beach seine set and total nunber of juvenile
chi nook salnon with overall CPUE for the 1984-1987 study periods,
Mattol e River estuary/lagoon. Sources: Barnhart and Young 1985;
Bar nhart and Busby 1986; Young 1987; Present study.

Mont hl y CPUE

Tot al # of overal |
Year June July Aug Sept oot # fish sei nes CPUE
1984 33 31 91 5 229 7 33
1985 565 185 205 29 37 6,672 52 128
1986 99 58 27 27 1, 066 21 41
1987 466 145 5 0 3,232 22 147

Table 8. Conparison of estimated nonthly abundances (number of individuals)
of juvenile chinook salnmon in the Mattole estuary/lagoon during the
1985 through 1987 study periods. Linmts of the 95% confidence
interval and nean are given. Sources: Barnhart and Busby 1986;
Young 1987; Present study.

Mont h
June July Aug Sept Cct
1985 40783 + 3393 83389 + 29862 13786 + 6088 5475 + 2410
1986 9703 + 3088 1962 + 991
1987 109508 + 34937 32190 + 11869 0+ O 23 + 1*

* Population was estimated using the Mran-Zippin nultiple pass renpval

technique (Platts 1983) with data from boat electrofishing survey conducted
Septenber 19, 1987. Confidence interval is 79%

The highest estimate of chinook abundance over all study periods was
109,508 + 34,637 individuals in June 1987 (Table 8, Figure 9). Wthin a
mont h, however, the estimated nunber of fish declined to 32,190. In August,

no marked fish were recaptured, thus invalidating the use of the Peterson

estimate. No juvenile chinook were caught in the |ower |agoon during
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Sept enber 1987. Only 28 chinook were collected during a boat electrofishing
survey of a 300 m stretch in the upper |agoon the same nonth. A Mran-Zippin
mul tiple pass renobval estinmate (Platts 1983) was conputed which gave a val ue
of 23 £ 1 at the 79% confidence level. Similar chinook abundance trends were
reported in 1985 by Young (1987). Chinook abundance and tinme of peak
abundance differ each year.

Juvenil e chinook appeared to undergo a period of suppressed growth
associated with the decline in abundance during the 1987 study period (Figure
10). Young (1987) reported a simlar but |ess dramatic period of suppressed
growh during the time of peak abundance in 1985. In years of |ow chinook
abundance in the |agoon, growh is not suppressed and the fish appear to
attain | arger sizes.

Table 9 presents mean nonthly fork lengths of juvenile chinook sal non
for each study period. Although no significant differences in nmean fork
l ength between sanpling dates were found, conparison of the nean val ues
provi des general growth trends. The 1986 group nmy have reached the |ongest
mean fork length of all years had the berm not breached in early Septenber.
After breaching, seine surveys have collected no chinook indicating that they
probably all outmigrate. The fastest growth appears to have occurred during
years with | ower abundance of chinook (1984 and 1986). The percent of chinook
trapped in the [agoon which survived to enter the ocean was not estimated in
1984 but Young (1987) estimated that 6% survived in 1985. In 1986, a year
with substantially fewer chinook, survival was about 20% Survival in 1987,
the year of greatest chinook abundance, was |ess than 1% The data indicate
that growth and survival of chinook salnon are density dependent in the

Mattol e Ri ver | agoon.
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Table 9. Mean nmonthly fork lengths (nm of juvenile chinook salnon during
the 1984-1987 study periods Mttole River estuary/lagoon,
California. Final value given for each year is approximate mean
fork length of chinook entering the ocean.

Mont h
May June July Aug Sept COct
1984 81 91 108 119
1985 55 76 81 85 93 107
1986 82 92 100
1987 74 79 80 85

Adult steelhead pass through the estuary on their way to upstream
spawni ng areas between October and April (G  Peterson, pers. conmm).
St eel head spawn throughout npbst of the drainage and have a w der spawning
distribution than coho and chinook salmon (CDF&G 1965). In low flow years
when the sand berm closes in late May, sone adult steelhead returning to the
ocean are trapped in the lagoon and in the isolated pools of the south slough
(Figure 2). These fish are able to survive in the |agoon during the summer as
an adequate supply of stickleback and juvenile salnonids exists as food.
These adult fish are vulnerable to angling and several were seen taken during
the 1987 study period. Numerous juvenile steel head are also taken by anglers
each year and are referred to as "rai nbow trout".

Steel head is the npst abundant salnonid in the drainage with a spawning
run size estimated at 12,000 fish in the early 1960's (CDF&G 1965). The
Departnment estimated that the Mttole River had adequate habitat to
accompdat e 10,000 spawning pairs of steelhead at that time (CDF&G 1965).
Current run size and spawning capacity for steelhead are unknown. Several

unsubstantiated reports of a remant popul ati on of sunmer run steel head that
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estimated from an electrofishing survey in the upper |lagoon. Too few fish
were captured in October and Novenber to conpute valid estimates. Although
Peterson estimates were not conducted in 1986, the abundance of steel head was
approxi mated using the average chinook to steelhead ratio in seine hauls.

These nunbers were conpared to 1987 val ues (Table 11).

Tabl e 10. Steel head nean nmonthly catch per beach seine set, total catch, and
overall catch per unit effort, 1984-1987 study periods, Mttole
Ri ver Lagoon, California. Sources: Barnhart and Young 1985;
Barnhart and Busby 1986; Young 1987; Present study.

Nont h Tot al # of Overal |
Year June July Aug Sept Cct Nov # fish sei nes CPUE
1984 404 639 1,128 427 4, 067 7 581
1985 158 180 193 48 86 5, 686 52 109
1986 140 178 327 5,421 21 258
1987 30 150 28 2 1 1,276 22 58

Table 11. Conparison of juvenile steelhead population estimtes, 1986-1987
study periods, Mattole River Lagoon, California. Sources: Barnhart
and Busby 1986; Present study.

Mont h
Year June July Aug Sept Cct
1986 15, 000 29, 000 49, 000 - -
1987 1, 088 32,190 4,133 945 -

Juvenil e steel head were sanpl ed by backpack electrofishing in isolated
pools in the south slough on July 15, 1987. These fish probably perished
because none were collected during a survey on Septenber 19, 1987. One adult

femal e steel head (450 mm FL) was captured in the uppernost pool in the slough



on both surveys and apparently survived summer isolation. This pool had
approxi mately 90% shade canopy provided by alders and temperatures remained
between 12.2-15.0 °C.

Age and growth of juvenile steelhead in the Mattole River estuary/lagoon
have not been studied. Analysis of length frequency data reveal ed no distinct
separation point between young-of-the-year, one and two year old steel head
We do believe, however, that all three age classes were present in the |agoon
each year. Although no significant differences in steelhead nmean fork |ength
could be detected between sanpling dates in 1986 and 1987, a general growth
trend appeared anmong all age classes in 1986 but not in 1987 (Figures 12 and
13). The lower nean fork |length on Septemnmber 19, 1987 nmay be due to snualler
juvenile steelhead wutilizing the wupper lagoon where the sanpling was
conducted. Scale analysis would help greatly in separating age classes and
determining growmh rates of specific age groups of steel head.

No information is available concerning the feeding habits of juvenile
steelhead or diet overlap wth other species in the estuary/lagoon.
Apparently growth and survival of steelhead are also density dependent with
chi nook. Both popul ations experienced nmass nortality and poor growth during
the 1987 study period. Both popul ations should be assessed to determ ne the
approxi mate carrying capacity for salnonids in the | agoon

Coho sal non adults pass through the estuary from Cctober to January and
nove upstreamto spawn in tributaries throughout the basin (G Peterson, pers.
comm ). Juvenile coho rear in the river for one year and the mpjority enter
the ocean before the sand bar closes. Very few juvenile coho were caught in
the I agoon (Barnhart and Young 1984; Barnhart and Busby 1986; Present study).
The California Departnment of Fish and Gane (1965) estimted the spawning run

size of coho in the Mattole drainage at 2,000 fish in the early 1960's. They
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suggested that at that tine there was adequate habitat to accommpbdate 10, 000
spawni ng pairs of coho. The 1987 run of adult coho sal non, estinated at over
1,000 spawners, was one of the best in recent years (G Peterson, pers.

comm).

Birds

The Mattole estuary/lagoon and surrounding riparian vegetation provide
suitable feeding, nesting, rearing and refuge habitat for many species of
birds. Although no conprehensive study of avian abundance or species
diversity has been conducted, lists of species observed in the area have been
conpiled by MGeachy (1979) and USDI-BLM (1988). A conplete list of birds
observed in the Mittole River estuary/lagoon and surrounding riparian
vegetation is presented in Table 12.

Fl edgl i ng conmon nergansers were observed rearing in the |agoon during
the 1986 and 1987 study periods. A brood of 6 fledglings was seen throughout
the 1986 study period and 3 broods totaling about 25 fledglings were seen in
1987. These birds were often observed feeding on fish below overhangi ng
riparian vegetation in the upper |agoon. Large nunbers of marine and/or shore
birds were frequently observed in the |agoon. Several hundred Caspian terns
were observed diving on the | agoon and roosting on the sand berm on August 8,
1986 and on August 21, 1987. A flock of brown pelicans nunbering between 50

and 60 appeared in the |Iagoon from August 21 to Septenber 9, 1987.

Mamal s

The Mattole estuary/lagoon and surrounding riparian vegetation provide
suitable habitat for terrestrial, riverine and marine mammuals. Table 13 lists
the species of mammls observed in the estuary/lagoon between My 1984 and

Novenber 1987



Tabl e 12. Species of birds
listed by order.

observed
Sour ces:

in the Mattole River estuary/lagoon
McGeachy 1979 and USDI - BLM 1988.

Conmon nane

Scientific nanme

Order Gaviifornes
Red-t hroat ed | oon*
Artic | oon*

Comon | oon*

Or der Podi ci pedi fornmes
Pi ed-bill ed grebe
Hor ned grebe
Red- necked grebe
Eared grebe*
West ern grebe*

Or der Pel ecani f or nes
Brown pelican*
Doubl e-crested cornorant*
Brandt's cornorant*
Pel agi ¢ cor nor ant

Order Ciconiifornes
Great bl ue heron*
G eat egret?
Gr een- backed heron*
Bl ack- crowned ni ght heron*
American bittern

Order Anseriformes
Whi stling swan
Snow goose
Br ant
Canada goose*
Wood duck
Green-wi nged teal
Pi nt ai
Mal | ar d*
Nor t hern shovel er
Gadwal |
Ameri can w geon*
Canvasback
Redhead
Ri ng- necked duck
G eater scaup*
Lesser scaup*
Har | equi n duck
Bl ack scoter
Surf scoter*

Gavia stellata
Gavia arctic
Gavi a |i mer

Podi | ynbus podi ceps

Podi ceps auritus

Podi ceps gri segena

Podi ceps nigricollis
Aechnophorus occidentalis

Pel ecanus occidentalis
Phal acr ocorax auritus
Phal acr ocorax penicill atus
Phal acr ocor ax pel agi cus

Ardea herodi as
Casner odi us al bus

But ori des striatus
Nycti corax nycti corax
Bot aurus | enti gi nosus

A or col unbi anus

Chen caerul escens
Branta bernicla

Brant a canadensi s

Ai X sponsa

Anas crecea

Anas acuta

Anas pl atyrhynchos

Anas cl ypeata

Anas strepera

Anas aneri cana

Ayt hya valisineria

Ayt hya anericana

Ayt hya collaris

Aythya narila

Ayt hya affinis

Hi strionicus histrionicus
Mel anitta nigra

Mel anitta perspicillata




Table 12. Species of birds
listed by order.
(continued).

observed in the Mattole River estuary/lagoon
Sources: MGeachy 1979 and USDI-BLM 1988

Common name

Scientific name

Order Anserifornmes (continued)
Wi t e-wi nged scoter
Common gol deneye
Buf f | ehead*
Common ner ganser *
Red- br east ed ner ganser
Ruddy duck*

Order Fal coni f or nes
Osprey*
Bal d eagl e
Gol den eagl e*
Nort hern harrier*
Shar p- shi nned hawk*
Cooper's hawk
Red- shoul der ed hawk*
Red-tai | ed hawk*
Anerican kestrel *
Merlin
Peregrine fal con
Prairie fal con

Order @Gl lifornes
California quail*
Order Grui formes
Virginia rai
Ameri can coot*
Sor a

Order Charadriifornes
Bl ack-belli ed pl over*
Snowy pl over*

Sem pal mat ed pl over
Kill deer*

Bl ack oystercatcher
Greater yell ow egs
Wl I et

Wandering tattler
Bl ack turnstone*
Ruddy turnstone
Spott ed sandpi per*
Vi mbr el *

Mar bl ed godwi t *
Surfbird
Sander | i ng*

Mel anitta degl and
Bucephal a cl angul a
Bucephal a al beol a
Mer gus ner ganser
Mer gus serrator
Oxyura jamai censi s

Pandi on hal i aet us
Hal i aeet us | eucocephal us
Aqui |l a chrysaet os
Ci rcus cyaneus
Acci piter striatus
Acci pi ter cooperi
But eo |ineatus

But eo j amai censi s
Fal co sparveri us
Fal co col unmbari us
Fal co peregrinus
Fal co mexi canus

Lophortyx californicus

Rallus |imcol a
Ful i ca aneri cana
Por zana Carol i na

Plurialis squatarol a
Char adri us al exandri nus
Char adri us seni pal mat us
Char adri us voci ferus
Haemat opus bachnman
Tringa flavipes

Cat opt rophorus seni pal mat us
Het er oscel us i ncanus
Arenaria nel anocephal a
Arenaria interpres
Actitis macul aria
Nunmeni us phaeophus

Li nrosa fedoa

Aphriza virgata
Calidris al ba




Tabl e 12. Species of birds observed
listed by order. Sources:

(continued).

in the Mattole River estuary/lagoon
McGeachy 1979 and USDI-BLM 1988

Common name

Scientific name

Order Charadriiformes (continued)
West ern sandpi per
Bai rd' s sandpi per
Rock sandpi per
Dunl i n*
Short-billed dow tcher
Long-bill ed dow tcher
Common sni pe
Red- necked phal ar ope
Red phal ar ope
Bonaparte's gul | *
Her man's gul | *
Mew gul
Ri nged-billed gull*
California gull*
Bl ack- headed gul
Herring gull*
Thayer' s gul
Western gul | *
G aucous-w nged gul
Bl ack-1 egged Kkittiwake
Caspi an tern*
Common tern
Foster's tern*
Common nurre
Pi geon guil | enot
Mar bl ed nurrel et
Anci ent nurrel et
Rhi nocer os Aukl et

Order Col unbi f or nes
Mour ni ng dove*

Order Strigifornes
Western screech ow *
Great horned ow
Nort hern pygnmy ow

Order Apodi fornes
Anna's hummi ngbi r d*
Al l en' s hunm ngbi rd*

Order Coraciifornes
Bel t ed ki ngfisher*

Calidris mauri
Calidris bairdi
Calidris ptilocnems
Calidris al pina

Li modr omus gri scus

Li modr omus scol opaceus
Capel l a gallinacjo
Phal ar opus | obat us

Phal aropus fuli carius
Larus phi | edel phia
Larus heer mann

Larus canus

Larus del awarensi s
Larus californicus
Larus ridi bundus

Larus argentatus

Larus thayeri

Larus occidentalis
Larus gl aucesens

Ri ssa tridactyl a
Sterna caspia

Sterna hirundo

Sterna forsteri

Vria aagle

Cepphus col unba
Brachyranphus nmar nor at us
Synt hl i bor anphus anti quus
Cer or hi nca nonocer at a

Zenai da nmacroura

Qtus asio
Bubo vi rgi ni anus
d auci di um gnoma

Cal ypte anna
Sel asphorus sasin

Megaceryl e al cyon




Tabl e 12. Species of birds observed in the Mattole River estuary/lagoon

listed by order.
(continued).

Sources: MGeachy 1979 and USDI-BLM 1988

Conmon nane

Scientific nane

Order Picifornes

Acorn woodpecker
Red- br east ed sapsucker
Downy woodpecker

Hai ry woodpecker

Nort hern flicker*

Order Passerifornes

Western wood pewee
Harmond' s flycatcher
Western flycatcher*

Bl ack phoebe*

Ash-t hroated flycatcher
Purple martin

Tree swal | ow

Vi ol et-green swal | ow*
Rough-wi nged swal | ow*
cdiff swall ow

Barn swal | ow*

Scrub jay*

American crow*

Common raven*
Chest nut - backed chi ckadee
Bushtit*

Red- br east ed Nut hat ch
Bewi ck's wren

House wren

W nter wen

Mar sh wr en*

Ameri can di pper

Ruby- crowned ki ngl et
West ern bl uebi r d*

Swai nson's thrush
Hermit thrush*

Ameri can robi n*

Vari ed thrush

Water pipit*

Cedar waxwi ng*
Starling*

Solitary vireo

Hutton vireo

Warbling vireo
Orange- crowned war bl er*
Nashvi |l | e war bl er

Yel | ow war bl er
Audubon' s war bl er

Mel aner pes fornicirorus

Sphyr api cus vari us

Pi coi des pubescens
Pi coi des vill osus
Col apt es aur at us

Cont opus sordi dul us
Enpi donax hamondi i

Enpi donax difficilis
Sayorni s nigricans
Myi ar chus ci nerascens
Progne subi s

I ri doprocne bicol or
Tachyci neta thal assi na
St el gi dopteryx ruficollis
Pet rochel i don pyrrhonota
Hi rundo rustica

Aphel oconma coer ul escens
Corvus brachyrhynchos
Cor vus cor ax

Parus rufescens
Psal tri parus m ni nus
Sitta canadensis
Thryomanes bewi cKi

Tr ogl odyt es aedon

Tr ogl odyt es trogl odytes
Ci st hot horus palustris
Ci ncl us nexi canus
Regul us cal endul a
Sialia nmexi cana

Cat harus ustul at us

Cat harus guttatus
Turdus mgratorius

| xor eus naevi us

Ant hus spinoletta
Bonbyc ilia cedror urn
Sturnus vulgaris

Vireo solitarius

Vireo hutton

Vireo gilvus

Vermni vora cel ata

Verm vora ruficapilla
Dendr oi ca petechia
Dendr oi ca coronata




Table 12. Species of birds
listed by order.

(continued).

observed in the Mattole River estuary/lagoon
Sources: MGeachy 1979 and USDI-BLM 1988

Common nane

Scientific nane

Order Passeriformes (continued)

Townsend' s war bl er
MacG | livray's warbler
Comon yel | owt hr oat
Wl son' s warbler

Yel | ow breast ed chat
West ern Tanager*

Bl ack- head grosbeak
Lazuli Bunting

Ruf ous- si ded t ownee*
Lark sparrow

Fox sparrow

Song sparrow*

Li ncol n's sparrow
Gol den- crowned sparrow
Red-wi nged bl ackbird
Dar k- eyed j unco*

Br own- headed cowbird
Nort hern oriole
Purpl e finch

House finch

Pi ne siskin

Eveni ng grosbeak

Dendr oi ca t ownsend
Oporornis tolnei

Geot hlypis trichas

W | sonia pusilla
Icteria virens

Pi ranga | udovi ci ana
Pheucti cus nel anocephal us
Passeri na anpena

Pi pil o eryt hropht hal nus
Chondest es grammacus
Passerella iliaca

Mel ospi za nel odi a

Mel ospi za |incol ni
Zonotrichia atricapilla
Agel ai us phoeni ceus
Junco hyenmlis
Mol ot hrus ater

I cterus gal bul a

Car podacus pur pur eus
Car podacus nexi canus
Car duel i s pi nus

Hesperi phona vespertina

*Si ghted during 1986-87 study peri ods.




Tabl e 13. Species of manmal s observed in the Mattol e River estuary/lagoon and
surrounding riparian vegetation My 1984-Novenber 1987. Taxononic

key used: Burt and G ossenhei der (1976).

Terrestri al
Ri veri ne

Mar i ne

Commpn nane Scientific nane

Opossum Di del phi s virgini ana

Bat
Racoon

Ri ngt ai
Ri ver otter
Striped skunk
Coyot e
Grey fox
Bobcat
Stellar sea lion
Har bor seal
California ground squirre
White footed mce
Dusky footed woodr at
Por cupi ne
Bl acktai |l jackrabbit
Brush rabbit
Bl acktai | deer

Unknown,
Procyon | ot or

Bassari scus astutus

Lutra canadensi s

Mephitis nmephitis

Cani s | atrans

Urocyon ci nereoargentus
Lynx rufus

Eunet opi as j ubat us

Phoca vitulina

Sper nophi | us beecheyi

Per onyscus sp.

Neot oma f usci pes

Er et hi zon dor satum

Lepus californicus

Syl vi | agus bachmani

Odocoi | es hem onus

probably Myotis sp.

X X X X X X X X X

X X X X X X X



More bl acktail deer and porcupi ne were observed in 1987 than in previous
years (G Peterson, pers. comm). Both of these species are found in the
riparian vegetation near the estuary and Lighthouse Road (Figure 7). Many
deer were seen along the north bank of the upper |agoon near the nouth of
Collins @lch. A majority of the deer observed in 1987 were young-of-the-
year. Many blacktail jackrabbits were observed on gravel bars in the upper
| agoon in 1986 and 1987. Harbor seals and Stellar sea lions were observed in
the estuary only when the sand berm was open. Additional information on

wildlife in the area can be found in Decker (1983).

DI SCUSSI ON AND MANAGEMENT RECOVMENDATI ONS

Wet | ands such as the Mattole estuary/lagoon provide fish and wldlife
val ues, environnmental quality values, and soci o-econom ¢ val ues (Tiner 1984).
Fish and wildlife values include habitat for many organi snms such as the ones
listed in this report. Environmental quality values include water quality
mai nt enance, aquatic productivity, pollution filtration and others (Tiner
1984). Soci o-econonic values include flood, erosion and wave damage control;
educati on; research; asthetics; fishing, hunting and other forns of
recreation.

Despite the many functions and uses of wetlands, great reductions in the
anount of these habitats have occurred as a result of human activity.
Approxi mately 54% of the original wetland habitat in the |lower 48 states was
lost by the mid-1970's (Tiner 1984). Agricultural developnent is believed to
be responsible for 87% of the national |loss with urban and other devel opnent
accounting for the remaining 13% California has |lost over 90% of its

wet | ands (Tiner 1984).



The Mattole estuary/lagoon represents a unique resource in that it
remains relatively unthreatened by agriculture and urban encroachnent. The
entire drainage is also unique because it contains no major urban centers or

devel opnents, such as hydroel ectric dans and water diversion projects.

Est uary Managenent Reconmendati ons

1. Protect the estuary from agricultural use, urban and other devel opnent.
This may require fencing off the area to exclude stray cattle and
mai ntai ni ng the "conservation area" status of the area.

2. Protect the unique fish and wildlife resources of the estuary. This could
be done by inplenenting a "wildlife refuge" designation for the area with
enf or cenent support.

3. Pronmpte non-degradative recreational uses of the estuary. This includes
the continued exclusion of off-highway vehicles which threaten sensitive
and endangered pl ant species and distract fromthe areas asthetics.

4. Protect, restore and enhance riparian areas surroundi ng the estuary/l agoon
as they provide significant habitat for anphibians, reptiles, fish

bi rds, and manmal s.

Despite the Mattole Rivers' rempteness from mmjor urban centers, the
basin is not free from negative human inpacts. Poor |and managenent, conbined
with the basin's unstable geologic formations and high wi nter runoff have
altered the river throughout its entire length (California Departnent of Water
Resources 1973). The disturbed land is susceptible to slunmping, erosion, and
| andsl i des (Barnhart and Young 1985).

Sedi ment deposits from upstream sources have created extensive sandbars
and caused aggradation of the river channel in the estuary (Barnhart and Young

1985; Young 1987). Historical analysis of aerial photographs reveal ed that



sedi ment deposition diverted the lower river channel from the southern edge of
the valley to its present course along the northern edge. Sedi ment deposition
has caused reductions in depth and habitat available to fish. Tenperatures in

the estuary have likely increased as a result.

Basi n Mahagenent Reconmendati ons

1. ldentify point and non-point sources of sedinentation and any toxic pollutants.

2. Set basin wi de standards or goals for sedinent load and work with | ocal
residents, agriculture and industry to achieve them within a specified
time period.

3. Educate private |andowners in techniques that reduce erosion and sedi nent
| oadi ng.

4. Increase inspections of near and instream activities on private land and
fish and game warden patrols. Prosecute |andowners who fail to conmply
wi th sedimentation guidelines.

5. Continue efforts to repair and rehabilitate known point sources of
sedi mentation. This nmay include pursuing |egislation which would provide
continued funding for watershed rehabilitation, i ncluding econonic

incentives for private |andowners to protect and restore sensitive or

damaged ri pari an zones.

The length of residency in estuaries and the utilization of estuarine
food sources have been well docunented as inportant factors in the growh and
survival of outmigrating juvenile chinook salnmon (Reinmers 1973; Reiners 1978;
Rei mers et al. 1978; Heal ey 1980; Healey 1982; Kjelson et al. 1982; Meyers and
Horton 1982; Sinmenstad et al. 1982; N cholas and Hankin 1988; and others).
Estuaries provide an environnent for productive foraging, physiological

transition to oceanic conditions and refuge from predators (Sinenstad et al



1982). CQur data and observations suggest that the Mattole River estuary
provides only linited benefits because of the seasonal closure of the sand bar
and subsequent formation of the |agoon which is essentially fresh water

The food web in a true estuary (Pritchard 1967) is based on inputs of
organic carbon from several ecosystens: nmarine, estuarine, riverine and
terrestrial (Darnell 1967; Sinmenstad 1983). Seasonal formation of the |agoon
however, effectively cuts off the input of marine conponents such as dissol ved
and particul ate organic carbon, algae, detritus, phytoplankton, and nicro and
macrof auna. The marine influence is inportant to estuarine systens,
especially in areas of coastal upwelling such as the northern California
coast.

For this reason, the Mattole |agoon is probably |ess productive as a
summer rearing habitat for juvenile salnonids than true estuaries of northern
California and Oregon. Studies on the abundance of benthic and planktonic
macr of auna and their inportance to the chinook diet nay help determine this
(Busby in prep.). Investigations of this type should be carried out severa
years sequentially to deternmine yearly variation in food availability to
juvenile chinook. Studies of primary productivity and the inportance of the
various carbon inputs would al so be of val ue.

Data from Oregon estuaries indicate that fish growmh varies wth
popul ati on abundance, tenperature, prey conposition and production, and
reari ng space (Reinmers and Concannon 1977; Reinmers and Downey 1982). N chol as
and Hankin (1988) believe that the growh rate of juvenile salnobn in estuaries
is drectly influenced by their abundance in the system probably through
conpetition for food. Reimers and Concannon (1977) and Reiners and Downey

(1982), suggest that growth to at least 120 mmis required for good marine



survival. Chinook in the Mattole attained sinmlar |engths at ocean entry in
1984 only (Table 9).

Growth and survival of juvenile chinook in the Mattole estuary/lagoon
are variable and influenced by a conmplex array of interacting physical and
bi ol ogi cal factors which are not yet conpletely understood. These factors
i nclude success of adult spawning, abundance of downstream nigrants, river
flow, tenperature, timng of downstream m gration, timng of |agoon fornmation,
area and depth of the |agoon, predation, availability of subnmerged and
riparian cover, anount and frequency of seawater overwash, food abundance and
availability, intra and interspecific conpetition, and timng of |agoon
br eachi ng.

Reimers (1973) concluded that a survival advantage was gained by
i ndi vidual s that reared three nonths (June-August) in the Sixes River estuary
over those fish which outnmigrated directly. He suggested that these fish grew
to larger size and were probably nore fit for ocean life. He also indicated
that these fish conposed about 90% of the returning adults. In the Mattole
estuary/lagoon this does not seemto be the case. Prelimnary inspection of
adult scales suggests that the mpjority of returning adults outmigrated as
juveniles before closure of the sandbar and did not reside in the |agoon
(Hi nkson 1987 unpubl.). Additional research is necessary to further
substantiate this. It should be noted, however, that in the systems studied
in Oegon, chinook had the option to outnmigrate if tenperature, food
avail ability, or predation pressure became intolerable. This may account for
t he observed declines in abundance noted after popul ati on peaks (Reiners 1973;
Ni chol as and Hankin 1988).

Predation of juvenile salnonids by birds, fish and mammal s has been

observed in the Mattole estuary/lagoon; it nay be significant. Recent studies



on eastern Vancouver |sland, B.C. suggest that commopn nergansers consunmed 24-
65% of the wild coho production in two coastal streans (Wod 1987b). In these
studi es nergansers, while in fresh water, ate salnonids al st exclusively
(Wod 1987a). Mattole nmerganser broods were observed several tinmes feeding on
salmonids in the upper lagoon in 1986 and 1987. Large nunbers of other
pi scivorous birds were observed (Table 12). Stomach analysis of adult
steel head trapped in the lagoon as a result of early closure in 1987 reveal ed
juvenile steelhead in their diet.

Chi nook sal non populations in the Mattole watershed represent a unique
genetic resource. No state or federal hatcheries are present in the basin,
and chinook salmn from other drainages have never been introduced. A few
coho sal non have been introduced from the Eel and Noyo rivers by the MASSG
Except for a snmall-scale native chinook and coho hatchbox program operated by
the MASSG, the sal nmonid popul ations of the Mattole River are self-sustaining
despite the severe inpacts they have experienced.

Formation of the lagoon may linmit the potential for enhancing chinook
salnmon in the Mattole drainage. Berm closure may represent a bottl eneck for
the nunber of juveniles the system can produce, especially in years of good
snmolt production such as 1985 and 1987 when |arge nunmbers of chinook were
trapped in the | agoon and experienced high nortality.

| medi ate downstream mgration and early ocean entry may be adaptive
behavi or of Mattole chinook. Lagoon formation in this sense nay be considered
part of the natural selection process. There are nanagenent possibilities
which would either allow nore opportunity for salnobnids to outnmigrate or
increase the rearing capability of the |agoon. These suggestions are |isted

bel ow



Sal noni d Managenent Suggesti ons

1. Estimate chinook and steel head abundance in early My during low flow
years. |f populations exceed 25,000 and the berm appears to be closing

consider opening it periodically by artificial neans until approxinmtely

June 15 to allow outnigration

2. Continue watershed rehabilitation and enhancenment prograns.

3. Continue native chinook and coho hatchbox programs. Release fish from
hat chbox facilities early or further downriver, possibly in the estuary,
to allow a greater opportunity for outmgration before closure of the
berm This would help to mnimnmze conpetition with wild fish

4. As an adjunct or alternative to Sal nonid Managenment Suggestion #4 above
hold and rear hatchbox-produced chinook in off-stream ponds or rearing
units through the sunmer and release as large snmolts in the fall after the
river nmouth opens. This would nininze conpetition with naturally spawned
chi nook al so.

5. Place permanent structures such as logs and boulders in the I[agoon which
will serve as traps for organic carbon and provide feeding and refuge
areas for juvenile sal nonids.

6. Explore feasibility of adding fish food to the |agoon during periods of
peak sal noni d abundance, basically using the |agoon as a managed rearing

pond.

7. Explore the feasibility of direct ocean release of Mttole inprinted

sal noni ds.
RESEARCH NEEDS

The following is a summary of what we believe are inportant research

needs in the Mattol e estuary/|l agoon



1. Physical - Chemi cal - Geol ogi ca

a.

b

C.

Conti nued rmonitoring of night water quality; especially dissolved
oxygen concentrati ons which have been shown to decrease near the
bottomin late sunmer/early fall

Monitoring of water quality while sand bermis open (estuary phase).
Little is known about water quality conditions in the estuary,

Detail ed study of sedinment particle size distribution in the

estuary/ |l agoon. Rates of sedinment accunul ati on and scouri ng.

2. Biol ogical -Cenera

a.

b

C.

d.

Determ ne the effects of reduced dissol ved oxygen concentrations on
popul ati ons of benthic organi sns and comunity structure,

Det erm ne annual primary and secondary productivity. Conpare to other
estuaries,

Quantify energy transfers between trophic levels 1°, 2°, 3°. Quantify
t he amount of energy available fromthe various inputs of detrita
organi ¢ carbon,

Det erm ne the popul ati on, age structure, and growth of three-spine

sti ckl eback and assess their role in the estuarine/ lagoonal food web.

3. Bi ol ogi cal - Sal noni ds

a.

A nore detailed analysis of returning adult chinook salnon scales is
required for age and growth deternminations. It is also needed to
determine if the majority of returning adult spawners are direct
outmgrants as juveniles and spend little or no tinme residing in the
estuary as was suggested by Hinkson (1987 wunpubl.). Tetracycline
mar ki ng of hatchbox produced fish and/or trapped downstream m grants
may be of great value if scales and otoliths of marked returning

adul ts could be recovered.



Increase efforts to accurately determ ne spawni ng run sizes of
chi nook, coho and steel head in the drainage. This nay be done by a
conbi nation of extensive weir trapping and carcass counting,

Determ ne the effects of flow and tenperature on downstream m gration
timng (chinook sal mon and steel head),

Determ ne the tenperature tol erances of Mattole River juvenile chinook
under various dissolved oxygen and salinity regines,

Determ ne the popul ati on age structure and growh of juvenile
steel head in the estuary/|agoon,

Acquire additional years of quantitative benthic and planktonic
macr of aunal data to assess annual variations in secondary production
and availability for sal nonids,

Determ ne the extent of conpetition for food and habitat resources
bet ween chi nook sal non and steel head,

Determ ne the extent of conpetition between juvenile chinook and
sti ckl eback,

Determ ne the presence or absence of summer run steel head in the
Mattol e drai nage. This could be acconplished with a combinati on of
snorkel surveys in the upper drainage and el ectrophoretic studies,

Quantify predation of sal nonids by birds, especially the conmon

mer ganser (Mergus merganser).

Determ ne the effects of angling on popul ations of two year old plus

steel head in the |agoon.
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Table 1. Salinity profiles (ppt) recorded at 4 water quality stations Mattol e
Ri ver Lagoon May 26, 1987 - Novenber 13, 1987 (conti nued)

Dat e Depth (m Station 1 Station 2 Station 3 Station 4
08/ 29 0.0 - 0.1 0.1 0.1
0.5 _ 0.1 0.1 0.1
1.0 _ 0.1 0.1 0.1
1.5 - - 0.1 0.1
2.0 - - - 0.1
09/ 09 0.0 _ 0.1 0.1 0.1
0.5 - 0.1 0.1 0.1
1.0 _ 0.1 0.1 0.1
1.5 - 0..1 0.1 0.1
2.0 - - - 0.1
10/ 03 0.0 _ 0.1 0.1 0.1
0.5 _ 0.1 0.1 0.1
1.0 - 0.1 0.1 0.1
1.5 - - 0.1 0.1
2.0 - - - 0.1
10/ 07 0.0 _ 0.0 0.5 0.5
0.5 - 8.0 8.5 7.0
1.0 - 16.0 15.0 13.2
1.5 _ 16.0 17. 3 17.0
2.0 _ - 17.5 17.8
2.5 - - - 17.5
10/ 08 0.0 _ 0.1 _ 0.5
0.5 - 0.1 - 4.8
1.0 _ 9.8 - 10.5
1.5 _ 14.0 - 18.2
2.0 - - - 19.8
2.5 - - - 20.5
11/01 0.0 0.1 0.1 0.2 0.5
0.5 0.1 0.1 0.2 0.5
1.0 _ 0.1 0.2 1.5
1.5 - 0.1 12.0 11.5
2.0 - - 12.0 14.2
2.5 - - - 14.5
11/ 13 0.0 0.1 0.1 0.5 0.5
0.5 0.1 0.1 0.5 0.5
1.0 0.1 1.0 0.5 0.5
1.5 0.5 6.0 0.5 1.0
2.0 - - 2.5
2.5 - - - 13.0
3.0 - - - 13.8




Table 2. Daily mexinmum surface tenperatures (°C) nmeasured by thernograph of
the upper and lower Mattole River Lagoon July 7, 1987 to Septenber

30, 1987.

Dat e Upper Lower Dat e Upper Lower
07/ 07 23 20 08/ 21 22 19
07/ 08 23 19 08/ 22 22 19
07/ 09 23 19 08/ 23 20 19
07/ 10 23 20 08/ 24 21 18
07/ 11 23 21 08/ 25 21 19
07/ 12 22 20 08/ 26 21 19
07/ 13 22 20 08/ 27 20 18
07/ 14 22 20 08/ 28 21 19
07/ 15 23 20 08/ 29 21 20
07/ 16 21 18 08/ 30 21 20
07/ 17 19 17 08/ 31 21 20
07/ 18 21 18 09/ 01 19 19
07/ 19 22 20 09/ 02 21 18
07/ 20 21 20 09/ 03 20 18
07/ 21 20 19 09/ 04 19 17
07/ 22 23 20 09/ 05 21 19
07/ 23 22 20 09/ 06 19 18
07/ 24 22 19 09/ 07 19 18
07/ 25 22 21 09/ 08 20 18
07/ 26 23 21 09/ 09 20 18
07/ 27 22 20 09/ 10 20 19
07/ 28 22 21 09/ 11 20 18
07/ 29 22 20 09/ 12 19 18
07/ 30 22 20 09/ 13 20 18
07/ 31 23 20 09/ 14 21 18
08/ 01 22 21 09/ 15 20 18
08/ 02 22 29 09/ 16 19 17
08/ 03 21 19 09/ 17 20 17
08/ 04 21 19 09/ 18 18 17
08/ 05 23 19 09/ 19 18 16
08/ 06 23 19 09/ 20 17 16
08/ 07 20 19 09/ 21 19 16
08/ 08 23 20 09/ 22 19 16
08/ 09 20 19 09/ 23 16 16
08/ 10 21 18 09/ 24 18 17
08/ 11 22 19 09/ 25 18 17
08/ 12 19 18 09/ 26 19 17
08/ 13 22 18 09/ 27 19 16
08/ 14 22 20 09/ 28 19 16
08/ 15 22 19 09/ 29 19 17
08/ 16 21 19 09/ 30 18 17
08/ 17 22 19

08/ 18 23 20

08/ 19 20 19

08/ 20 20 18



Tabl e 3. Water tenperature profiles (°C) at four water quality stations,
Mattol e River Lagoon May 26, 1987 - Novenmber 13, 1987.

Dat e Depth (m Station 1 Station 2 Station 3 Station 4
05/ 26 0.0 - 17.8 _ 16. 2
0.5 - 17.5 - 16.2
1.0 - 17.5 - 16.0
1.5 - 17.5 - 16.0
2.0 - 17.5 - 15.9
2.5 - - - 15.9
3.0 - - - 15.9
3.5 - - - 15.9
4.0 - - - 16.1
06/ 05 0.0 21.5 21.0 19.2 20.0
0.5 21.5 21.0 19.2 20.0
1.0 21.5 20.0 18.2 20.0
1.5 - 20.5 16.0 19.8
2.0 - 21.0 16.0 19.8
3.0 - - - 19.8
06/ 18 0.0 19.0 20.0 19.0 19.0
0.5 19.5 20.0 19.5 19.8
1.0 20.0 20.0 19.5 20.0
1.5 - 20.0 19.5 20.0
2.0 - - - 20.0
2.5 - - - 20.0
06/ 29 0.0 20.0 19.6 18.1 18.2
0.5 19.9 19.1 17.9 17.9
1.0 - 19.0 17.9 17.9
1.5 - 18.9 17.9 -
2.0 _ _ _ 17. 8
2.5 - - - 17.8
07/ 29 0.0 _ 21.0 18.0 19.5
0.5 - 20.0 18.2 19.0
1.0 _ 20.0 18.2 19.0
1.5 - 20.0 18.2 19.0
2.0 - - 18.2 19.0
2.25 - - - 19.0
08/ 12 0.0 _ 18.0 17.0 17.5
0.5 - 18.0 17.0 17.5
1.0 _ 18.0 17.0 17.5
1.5 - 18.0 17.0 17.5
2.0 _ - 17.0 17.5
2.5 _ _ - 17.5
3.0 - - - 18.0




Table 3. Water tenperature profiles (°C) at four water quality stations,
Mattol e River Lagoon May 26, 1987 - Novenber 13, 1987 (continued).

Dat e Depth (m Station 1 Station 2 Station 3 Station 4
08/ 28 0.0 - 20.0 17.0 17.0
0.5 - 20.0 17.0 16. 8
1.0 - 20.0 17.0 16.8
1.5 - - 17.0 16. 8
2.0 - - - 16.5
09/ 09 (night) 0.0 _ 16.5 18.0 18.0
0.5 - 16.5 18.5 18.0
1.0 - 16.9 18. 8 18.0
1.5 - 16.9 18. 8 18. 2
2.0 - - - 18.0
09/ 09 (day) 0.0 _ 19.0 17. 8 18.0
0.5 - 19.0 17.8 18.0
1.0 _ 19.0 17. 8 18.0
1.5 - 19.0 17.5 18.0
2.0 - - - 17.5
10/ 03 0.0 _ 20.0 17.9 17.5
0.5 - 20.0 18.0 17.2
1.0 _ 20.0 18.0 17.2
1.5 _ - 18.0 17.0
2.0 - - - 17.0
10/ 07 (night) 0.0 _ 17. 5* 17. 5* 17. 8*
0.5 - 19.0 18.0 18.0
1.0 - 17.5 17.0 17.0
1.5 - 16.5 15.5 16.0
2.0 - - 15.0 15.2
10/ 08 (day) 0.0 _ 17.2 _ 17. 2*
0.5 - 17.2 - 18.0
1.0 - 18.5 - 18.0
1.5 - 18.5 - 16.0
2.0 - _ - 15.5
2.5 - - - 15.2
11/ 01 0.0 15.2 15.8 15.2 15.5
0.5 15.5 15. 8 15.2 15. 8
1.0 _ 16.0 15.2 15. 8
1.5 - 16.0 15.2 15.8
2.0 _ - 15.2 15.0
2.5 - - - 14.8
11/ 13 0.0 14.9 14. 8 14. 8 14. 8
0.5 14.9 14. 8 15.0 14. 8
1.0 14.9 14.8 15.0 14.8
1.5 15.0 14. 8 15.0 14. 8
2.0 - 14.8 15.0 14.8
2.5 - - - 14. 8
3.0 - - - 14. 8
*Di stinct thernocline



Tabl e 4. Dissol ved oxygen profiles (ppm) at four water quality stations,
Mattol e Ri ver Lagoon May 26, 1987 - Novenber 13, 1987.

Dat e Depth (m Station 1 Station 2 Station 3 Station 4
05/ 26 0.0 - 9.0 - 10.0
0.5 _ 9.0 - 10.0
1.0 _ 9.5 _ 10.0
1.5 - 10.0 _ 10.0
2.0 - 10.0 - 10.0
2.5 - - - 9.9
3.0 - - - 10.0
3.5 _ - - 10.1
4.0 - - - 10.0
06/ 05 0.0 9.4 9.8 8.6 8.0
0.5 9.6 9.8 8.6 8.0
1.0 9.6 10.0 8.6 7.9
1.5 _ 10.0 9.1 7.8
2.0 - 10.0 9.0 7.8
2.5 _ _ - 7.8
3.0 - - - 7.8
06/ 18 0.0 8.4 9.0 8.0 8.3
0.5 8.6 8.8 7.9 8.2
1.0 8.6 8.8 7.9 8.2
1.5 - 8.4 7.9 8.1
2.0 - - - 8.0
2.5 - - - 8.0
06/ 29 0.0 8.9 9.4 8.0 8.0
0.5 8.8 9.2 8.0 8.0
1.0 - 9.2 7.9 -
1.5 - 9.0 8.0 7.9
2.0 - - - 7.9
2.5 - - - 1. 9
07/ 29 0.0 _ 9.0 10.0 8.1
0.5 - 9.0 10.0 8.0
1.0 _ 8.9 10.0 7.6
1.5 - 8.9 10.0 7.7
2.0 - - 11.0 7.9
2.25 - - - 7.9
08/ 12 0.0 _ 9.4 8.1 8.1
0.5 - 9.4 8.0 8.0
1.0 - 8.3 8.0 8.0
1.5 - 8.3 8.0 7.8
2.0 - - 8.0 7.8
2.5 _ - - 8.2
3.0 - - 7.8




Tabl e 4. Di ssol ved oxygen profiles (ppm at four water quality stations,
Mattol e River Lagoon May 26, 1987 - Novenber 13, 1987 (continued).

Dat e Depth (m Station 1 Station 2 Station 3 Station 4
08/ 28 0.0 10.8 8.8 8.5
0.5 - 10.8 8.7 8.5
1.0 _ 10. 7 8.6 8.4
1.5 - - 8.5 8.4
2.0 - - - 8.4
09/ 09 (night) 0.0 _ 7.0 10. 8 11.0
0.5 - 7.0 10. 8 11.0
1.0 - 7.0 10. 8 11.0
1.5 _ 2.8 7.4 11.0
2.0 - - - 8.0
09/ 09 0.0 _ 10.7 9.0 9.0
0.5 - 10.7 9.0 8.9
1.0 _ 10. 7 9.2 8.9
1.5 - 10.7 9.4 8.9
2.0 - - - 10.5
10/ 03 0.0 _ 10.6 10. 8 10.2
0.5 - 10.6 10. 8 10.2
1.0 _ 10.5 10. 8 10. 2
1.5 - - 10.7 10.2
2.0 ' - 10. 7 10. 2
10/ 07 (night) 0.0 _ 6.2 9.4 9.8
0.5 _ 7.8 8.6 9.6
1.0 - 8.2 9.1 10. 4
1.5 _ 6.1 8.1 9.2
2.0 - - 5.2 8.4
2.5 - - - 8.2
11/01 0.0 14.5 10.8 10.6 9.8
0.5 14.5 11.3 10.6 9.8
1.0 - 11.3 10.6 9.6
1.5 _ 11. 4 10. 2 9.5
2.0 - - 11.8 9.2
2.5 - - - 9.0
11/ 13 0.0 10.0 8.4 9.3 9.8
0.5 9.9 8.3 9.2 9.8
1.0 9.7 8.2 8.2 9.8
1.5 9.6 8.0 8.2 9.6
2.0 - 4.7 8.2 8.8
2.5 _ - - 8.0
3.0 - - - 5.2




Table 5. Surface turbidity values (NTU) at four water quality stations,
Mattol e River Lagoon May 26, 1987 - Novenmber 13, 1987.

Dat e Station 1 Station 2 Station 3 Station 4
05/ 26 - 0.41 - 0. 45
06/ 05 0.52 0.43 0.43 0. 45
06/ 18 0.45 0.55 0.55 0. 60
06/ 29 0.55 0.50 0.50 0. 65
07/ 29 - 0.49 0.45 0. 62
08/ 12 - 0.47 0.55 2.00
08/ 28 - 0. 30 0.45 0. 35
09/ 09 - 0.70 0.50 0. 60
10/ 03 - 0. 37 0. 58 0.62

11/ 04 0.25 0.52 0. 58 0. 65



