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1.0 PURPOSE

The purpose of this technical memorandum is to present previously un-reported water
quality and aquatic life information that was collected in the West County project area in
1990 and compare it to previously reported data. Consultants to the City of Santa Rosa
collected water quality and aquatic life information in Americano Creek, Estero
Americano, Stemple Creek and Estero de San Antonio, as summarized in Table 1, for the
purpose of evaluating the effects of irrigation with reclaimed water. The information was
collected from February 1988 through September 1990, but only the data from February
1988 through September 1989 has appeared in previous reports (Technical Memoranda
No. 1, E5, E8, E8A). This memorandum assembles in one document the water quality and
invertebrate data collected from February 1988 through September 1990 and in May
1994. Fish data are given for November 1989 through September 1990. This report is
intended to provide a summary of relevant data describing existing environmental
conditions. This technical memorandum is intended to provide the basis for evaluating
potential impacts of the proposed components of the West County Alternative. Potential
project impacts are assessed in the Water Quality Impact Analysis and Aquatic Biological
Resources Impacts Assessment Technical Reports (MSC 1996).

Table 1.

Year in Which Each Type of Data were Collected in Each Waterway

Parameters Americano
Creek

Estero
Americano

Stemple Creek Estero de San
Antonio

Water Quality ‘88, ‘89, ‘90, ‘94 ‘88, ‘89, ‘90, ‘94 ‘88,‘89, ‘90, ‘94 ‘88, ‘89, ‘90, ‘94

Zooplankton ‘88, ‘89, ‘90 ‘88, ‘89, ‘90 ‘89, ‘90 ‘89, ‘90

Epibenthos ‘88, ‘89, ‘90 ‘88, ‘89, ‘90 ‘89, ‘90 ‘89, ‘90

Benthos ‘88, ‘89, ‘90 ‘88, ‘89, ‘90 ‘89, ‘90 ‘89, ‘90

Fish ‘88, ‘89, ‘90 ‘88, ‘89, ‘90 ‘89, ‘90 ‘89, ‘90
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2.0 FINDINGS

2.1 BACKGROUND

Americano Creek is about 16 kilometers (km) long and drains a 125 square kilometer
(km2) watershed in which the predominant land use is dairy and dairy pasture. Americano
Creek discharges to Estero Americano, a 12 km long tidal embayment extending inland
from Bodega Bay. The Estero is relatively narrow (1 meter to 200 meters) and shallow
(depth at mean higher high water varies from 0.6 meters to 2.3 meters). Important features
of Estero Americano include a sand bar at the mouth that somewhat restricts tidal
exchange with the ocean, and a mud flat in the middle reach of the Estero that strongly
limits exchange between the upper and lower Estero. Stemple Creek is a larger but
otherwise similar watershed located immediately south of the Americano Creek
watershed. Estero de San Antonio, the estero associated with Stemple Creek, also has a
sand bar at the mouth but has no hydraulic equivalent to the Estero Americano mud flat.

The connection to Bodega Bay controls water quality and water movement in each
Estero. Sand can accumulate in the inlet as a result of wind-induced turbulence in Bodega
Bay. During spring tide conditions, ebb tide flows are typically sufficient to erode the
accumulated sand. If sand accumulates during a neap (low amplitude) tide condition,
outflow may be insufficient to erode the accumulated sand, and the inlet is blocked. Sand
can continue to accumulate, hydraulically isolating the Esteros from Bodega Bay. The
sand bar may remain until rainfall runoff accumulates in the Esteros behind the sand bar,
and then overtops and quickly cuts through the sand bar. This process occurs most years
in the Esteros, but not every year. Alternatively, local landowners report cutting through
the sand bar to alleviate flooding of their land. The accumulation of sediment in the
Esteros during the past 100 or so years has reduced the volume of tidal water moving
between Bodega Bay and the Esteros, which likely results in more frequent bar closure
than occurred prior to sediment accumulation. Bar closure is described in a report by the
Marin County Resource Conservation District (MCRCD 1994).

Salinity is an important factor that affects the suitability of aquatic habitat for aquatic life.
Salinity in the Esteros is influenced by the amount of freshwater inflow from the creeks,
the amount of tidal inflow from Bodega Bay, and evaporation. During and after a large
rainfall event, freshwater inflow can flush virtually all seawater from the Esteros. As
inflow decreases, seawater has increasing dominance on the Estero. During summers when
the bar is open and freshwater inflow is negligible, evaporation leads to salinity levels in
excess of seawater (hypersalinity). During summers when the bar is closed, salinity is
determined by salinity at the time of bar closure, any continued inflow, and evaporation.
Freshwater inflow can float on top of seawater, and if the bar closes during a period of
stratification, wind mixing of the two layers is also a factor controlling salinity.
Hypersaline conditions were observed only during bar-open conditions. Under bar-closed
conditions hyper saline conditions were not observed probably because fresh water was
present when the bar closed and was retained in, rather than flushed from the Esteros by
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tidal action. The system remained stratified and evaporation from the surface (fresh) layer
did not lead to hypersalinity.

2.2 SUMMARY OF FIELD DATA

Field data were collected at locations identified in Figure 1. The schedule for field
collections is shown in Table 2. Within each watershed, station numbers were assigned
beginning at the mouth and proceeding upstream. Americano watershed stations (tidally
influenced stations ) are designated as follows: E-l through E-5 = Estero Americano; E-6
through E-8 = Americano Creek. Stemple watershed stations are designated as follows: S-
2, S-4, S-6 = Estero de San Antonio (tidally influenced stations); S-8, S-10 = Stemple
Creek.
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Table 2.

Sampling Effort in West County, 1988-90 (Stations Sampled)

Date Watershed Fish Benthos Zooplankton Water Quality

29 Feb.
1988

Americano
Stemple

E-1,E-3 - E-8

30 Mar.
1988

Americano
Stemple

E-1,E-2,E-4 E-1 - E-8

13-14 Apr.
1988

Americano
Stemple

E-1 - E-4 E-1,E-2,E-4,E-6 E-1,E-2,E-4 E-1 - E-6

15-16 May
1988

Americano
Stemple

E-1-E-8
S-4,S-10

15-16 June
1988

Americano
Stemple

E-1 - E-5 E-1 - E-5 E-1 - E-7
S-4,S-10

21 July 1988 Americano
Stemple

E-2 - E-4,E-6 E-1 - E-6
S-4,S-10

29-30-Aug.
1988

Americano
Stemple

E-1 - E-5 E-1 - E-5 E-1 - E-5
S-4,S-10

28 Sept.
1988

Americano
Stemple

E-1 - E-5
S-4,S-10

25-26 Oct.
1988

Americano
Stemple

E-1 - E-5 E-2 - E-4 E-1 - E-5 E-1 - E-5
S-4

22 Nov.
1988

Americano
Stemple

E-1 - E-6,E-8
S-4,S-10

20-21 Dec.
1988

Americano
Stemple

E-1 - E-5 E-1 - E-5 1-8
4,10

20 Jan. 1989 Americano
Stemple

E-2 - E-6 E-1 - E-8
S-4,S-10

17-18 Feb.
1989

Americano
Stemple

E-1 - E-5 E-1 - E-5 E-1 - E-8
S-4,S-10

2 Mar. 1989 Americano
Stemple

E-1,E-2,E-4 - E-8

6-7 Mar.
1989

Americano
Stemple

E-1 - E-5 E-1 - E-5 E-1 - E-8
S-4,S-10

9 Apr. 1989 Americano
Stemple

E-1,E-2 E-1,E-3

4-5 May
1989

Americano
Stemple

E-1 - E-5 E-2 - E-5,E-2A,E-3A E-1 - E-5 E-1 - E-8
S-4,S-10

26 May
1989

Americano
Stemple

E-1,E-3,E-5
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Table 2.

Sampling Effort in West County, 1988-90 (Stations Sampled)

Date Watershed Fish Benthos Zooplankton Water Quality

7-8 June
1989

Americano
Stemple

E-1 - E-5 E-1 - E-5 E-1 - E-8
S-4,S-10

5-6 July
1989

Americano
Stemple

E-1 - E-5
S-2,S- 6

E-1 - E-5 E-1 - E-6
S-2,S-4,S-6,S-10

21 Aug.
1989

Americano
Stemple

E-1 - E-3

18-19 Sept.
1989

Americano
Stemple

E-1 - E-5
S-2,S- 6

E-2 - E-6,E-2A,E-3A E-1 - E-5
S-2,S- 6

E-1 - E-6
S-2,S-4,S-6

23 Oct.
1989

Americano
Stemple

E-5 - E-8
S-10

28 Nov.
1989

Americano
Stemple

E-1 - E-5 E-1 - E-5
S-2,S-4,S-6

E-1 - E-8
S-2,S-4,S-6,

S-8,S-10

16 Jan. 1990 Americano
Stemple

E-5 - E-8
S-8,S-10

7-8 Feb.
1990

Americano

Stemple

E-1 - E-5

S-2,S-4,S-6

E-2 - E-5,E-2A,E-3A

S-2,S-4,S-6

E-1 - E-5

S-2,S-4,S-6

E-1 - E-8

S-2,S-4,S-6,
S-8,S-10

9-10 Mar.
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6

E-1 - E-5
S-2,S-4,S-6

E-1 - E-8
S-2,S-4,S-6,S-8,S-10

5-6 Apr.
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6

E-1 - E-5
S-2,S-4,S-6

E-1 - E-8
S-2,S-4,S-6,S-8,S-10

24-25 May
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6

E-2 - E-5,E-2A,E-3A
S-2,S-4,S-6

E-1 - E-5
S-2,S-4,S-6

E-1 - E-8
S-2,S-4,S-6,S-8,S-10

31 May
1990

Americano
Stemple

E-5,E-6

25 June
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6

E-1 - E-5
S-2,S-4,S-6

E-1 - E-8
S-2,S-4,S-6,S-8,S-10

26-27 July
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6

E-1 - E-5
S-2,S-4,S-6

E-1 - E-6
S-2,S-4,S-6,S-8,S-10

10 Sept.
1990

Americano
Stemple

E-3,E-5

18-19 Sept.
1990

Americano

Stemple

E-1 - E-5

S-2,S-4,S-6

E-2 - E-5,E-2A,
E-2B,E-3A
S-2,S-4,S-6

E-1 - E-5

S-2,S-4,S-6

E-1 - E-5

S-2,S-4,S-6

15-16 Nov.
1990

Americano
Stemple

E-1 - E-5
S-2,S-4,S-6
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2.3 WATER QUALITY

This section describes the water quality data for Estero Americano, Americano Creek,
Estero de San Antonio, and Stemple Creek between October 1989 and November 1990
only, since data from the first two years was presented in earlier reports (TM 1,5,E8).
However, the complete water quality data (all three years) for Estero Americano,
Americano Creek, Estero de San Antonio, and Stemple Creek are presented in Appendix
WQ1 (Estero Americano and Americano Creek) and Appendix WQ2 (Estero de San
Antonio and Stemple Creek) and in many of the figures presented below.

2.3.1 Methods

Water quality data were collected at five Estero Americano (E-1 through E-5) and three
Americano Creek (E-6 through E-8) stations during November 1989, monthly from
February - July, and in September and November 1990. Stations E-5 through E-8 were
also sampled in October 1989. Temperature, conductivity and/or salinity, dissolved
oxygen, and pH were measured in the field at the surface and near the bottom. Surface
dip samples were collected for nutrients, metals, chlorophyll a, turbidity, total dissolved
solids (TDS), and total suspended solids (TSS). Metals were measured only at stations E-
1, E-3, E-5, E-6, and E-8. Continuously recording temperature, salinity, and dissolved
oxygen meters were installed at stations E-3 and E-5 in September 1989. The mouth of
Estero Americano was open during the entire study period in contrast to Estero de San
Antonio which was closed during part of this time period.

Water quality samples were collected during November 1989, monthly from February -
July; and September and November 1990 at 3 Estero de San Antonio (S-2, S-4, and S-6)
stations and two Stemple Creek stations (S-8, and S-10). Methods used and parameters
analyzed were the same as for Estero Americano and Americano Creek. Samples were
collected when the mouth of Estero de San Antonio was closed (February 1990 and May
through November 1990) and when it was open. A continuously recording meter (as
above) was installed at station S-4 in September 1989.

2.3.2 Results

2.3.2-1 Estero Americano and Americano Creek

Salinity

Tidal influence in Estero Americano extends through station E-5. Seasonal salinity
averages ranged from 35 parts per thousand (ppt) in winter at station E-2 to 0.8 ppt at
station E-5 also in winter. Winter and spring salinity values were influenced by
freshwater discharge as far downstream as station E-3 (Figure WQ1). In previous years
of this study this influence extended as far as station E-1 during spring. Hypersalinity
(salinity values in excess of normal seawater, which is 32-35 ppt) was observed during
routine sampling at stations E-4 and E-5 during July and September. However, the
hypersalinity observed in 1990 was not as pronounced as that found in 1989 (Figure
WQ2). Hypersalinity was noted in stations E-3 and E-5 during September with the
continuously recording meter
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(Figure WQ3).  Hypersalinity was not observed at station E-3 during routine sampling
because of the strong tidal influence on salinity. Routine monitoring is usually done near
the time of high tide (because of the inaccessibility of some stations in Estero Americano
during low tide due to the large mudflat in the middle of the Estero), and during periods
of hypersalinity, salinity is lowest at this time. This is because salinity at any particular
location varies with tide, and at high tide during periods of hypersalinity, high salinity
water is pushed to locations upstream of the sampling stations.

Dissolved Oxygen

Average daytime dissolved oxygen levels in Estero Americano stations E-1 through E-5
ranged from 5.3 mg/L (summer, station E-4) to 8.9 (winter, station E-1). Dissolved
oxygen was much more variable in the stream stations than the estuary stations, ranging
from 0.7 mg/L (summer, station E-7) to 19.5 (summer, station E-6) (Figure WQ4). This
pattern is similar to that found in previous years. The high dissolved oxygen
concentrations found on occasion are likely due to supersaturation since they generally
occur in stream stations in summer when there is no flow and very high chlorophyll a
concentrations. The difference in variability of dissolved oxygen between Americano
Creek and Estero Americano is shown in Figure WQ5 which compares station E-3
(Estero Americano) to station E-6 (Americano Creek). The September 1990 data from
the continuously recording meters indicate large diel (day-night) fluctuations in dissolved
oxygen at both stations E-3 and E-5; however, these were not as large as fluctuations
observed at the Americano Creek stations. Minimum dissolved oxygen concentrations
from the continuously recording meter were 2.4 mg/L at station E-3 and 3.5 mg/L at
station E-5. The diel dissolved oxygen minimum at station E-5 during September 1990
was higher than the minimum found in the April 1988 diel study conducted at this
station. During the April 1988 diel, the minimum dissolved oxygen was 0.7 mg/L.
Maximum dissolved oxygen concentrations from the continuously recording meters at
stations E-3 and E-5 were 8.1 mg/L and 13.3 mg/L respectively.

Nitrogen

Mean seasonal nitrate ranged from undetectable (summer, station E-7; detection limit =
0.03 mg-N/L) to 6.15 mg-N/L (fall, station E-8). Mean values were usually lowest in
summer and highest in fall (Figure WQ6). The high fall concentrations of nitrate at
stations E-1, E-2, and E-8 were due to unusually high concentrations in October and
November 1989 at station E-8 and in November 1989 at stations E-1 and E-2. These high
concentrations were not observed in other years.

Seasonal total ammonia values ranged from undetectable (summer, fall at station E-1,
and spring at station E-8; detection limit = 0.05 mg-N/L) to 49 mg-N/L (summer, station
E-7) (Figure WQ7). Summer ammonia values at station E-7 were also the highest
average values in previous years (Technical Memorandum E8, 1990).

Un-ionized ammonia was determined as described in Technical Memorandum E8 (1990).
Mean seasonal un-ionized ammonia concentrations ranged from undetectable (summer,
fall at station E-1, and spring at station E-8) to 0.610 mg-N/L at station E-6 in summer
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(Figure WQ8). In Estero Americano, un-ionized ammonia was nearly always highest in
the upstream stations E-4 and E-5 (Figure WQ9). Un-ionized ammonia concentrations in
Americano Creek were highest at stations E-6 and E-7 (Figure WQ10). The
concentrations of un-ionized ammonia in Americano Creek stations E-6 and E-7 were
often one to two orders of magnitude higher than in Estero Americano. (Note scale
differences for Figure WQ9 and WQ10)

The estimated un-ionized ammonia concentrations were evaluated using the methods
described in Technical Memorandum E8 (1990) to determine if the EPA acute and
chronic freshwater and saltwater guidelines for the protection of aquatic organisms were
exceeded.

The un-ionized ammonia levels were greater than the chronic guideline, or both the
chronic and acute guidelines at all times it was measured at station E-6. Un-ionized
ammonia was greater than the chronic guideline, or both the chronic and acute guidelines
in two of eight measurements at station E-7 and 2 of 5 measurements at station E-8. On
five of the six occasions when the salinity of the water at station E-5 was less than 10
ppt, the un-ionized ammonia exceeded the EPA freshwater guideline for un-ionized
ammonia. On two of the 21 occasions when the salinity at station E-5 was greater than 10
ppt, the EPA chronic saltwater guideline for un-ionized ammonia (0.035 mg/L or 0.029
mg-N/L) was exceeded. On the two occasions when the salinity at station E-4 was less
than 10 ppt, the EPA chronic freshwater guidelines for ammonia were exceeded. The
EPA chronic saltwater guideline for un-ionized ammonia was exceeded at station E-4 on
one occasion. The EPA guidelines for un-ionized ammonia were never exceeded at
stations E-1, E-2, or E-3.

Metals

In May 1995, EPA guidelines for metals toxicity were defined on a dissolved metal basis
as a function of the water effect ratio and hardness. For comparisons with these
guidelines, we assume a water effects ratio of 1.0 and a hardness of 100 mg/L as CaCO3.
A hardness of 100 was used because of lack of hardness information in Americano and
Stemple Creeks. Dissolved metals were collected in Estero Americano and Americano
Creek during October 1989 through May 1990 at stations E-1, E-3, E-5, E-6, and E-8.
Information on total copper is also presented here to provide a basis of comparison with
data presented in previous Technical Memoranda.

Dissolved copper ranged from below detection (detection limit = 0.1 µg/L) to 27 µg/L at
station E-8 in October 1989 through May 1990. During this time period in Americano
Creek, the EPA Critical Maximum Concentration (CMC = 17 µg/L) and Critical
Continuous Concentration (CCC = 11 µg/L) were exceeded in two of seven samples from
station E-6 and in one of eight samples from station E-8. The CCC only was exceeded in
one of seven measurements from station E-6. In Estero Americano, the CMC and CCC
(both = 2.4 µg/L) were exceeded in 2 of six measurements at station E-5. No exceedances
were observed at other Estero Americano stations during this time period.
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Average seasonal total copper from October 1989 through November 1990 ranged from
undetectable (detection limit = 0.1 µg/L) at station E-1 in winter to 32 µg/L at station E-6
in fall. The overall average of total copper from station E-6 was 17 µg/L during the time
period covered by this report (October 1990 through September 1991). This is
approximately half the average total copper found at this station from May 1988 through
September 1989 (33 µg/L). The cause of the reduction in copper levels is unknown, but
may be related to the drought and consequent reduced runoff from the surrounding
watershed.

The concentration of dissolved lead was below detection for all measurements except one
made in Estero Americano and Americano Creek during October 1989 through
November 1990. The one detectable dissolved lead concentration was 0.8 µg/L found at
station E-5. This concentration does not exceed the EPA freshwater CCC or CMC.

The concentration of dissolved zinc in Americano Creek ranged from 5 to 80 µg/L during
October 1989 through 1990. There were no exceedances of the EPA freshwater CCC or
CMC (assuming a hardness of 100 mg/L as CaCO3). The concentration of dissolved zinc
in Estero Americano during this time period ranged from below detection (1.0 µg/L) to
50 µg/L. There were no exceedances of the EPA saltwater CCC or CMC.

Mean seasonal total zinc ranged from undetectable (detection limit = 1 µg/L) at station E-
1 in summer to 161 µg/L at station E-6 in summer. Unlike the May 1988 through
September 1989 period described in Technical Memorandum E8, the EPA guidelines for
zinc toxicity were never exceeded at stations E-1 through E-5 or E-8 (zinc was not
measured an E-7). Zinc levels exceeded the chronic or both the chronic and acute
freshwater guidelines (110 µg/L and 120 µg/L, respectively, assuming hardness = 100
mg/L as CaCO3) at station E-6 two times out of seven measurements. The overall average
total zinc at station E-6 was 78 µg/L, similar to the previous average (May 1988 through
September 1989) of 74 µg/L, but the high average was due to just one exceptionally high
measurement (300 µg/L). This indicates a reduction from 1988-89 to 1989-90 in total
zinc levels similar to that found with copper.

Chlorophyll a

Mean seasonal chlorophyll a ranged from 0.0009 mg/L at station E-8 in winter to 7.29
mg/L at station E-6 in summer (Figure WQ11). As was found in previous years,
chlorophyll a concentrations are generally highest in the Creek stations E-6 and E-7 and
lowest in the Estero stations E-1 through E-3.

2.3.2-2 Estero de San Antonio and Stemple Creek

Salinity

Tidal influence in Estero de San Antonio extends through station S-6. The mouth of the
Estero de San Antonio was closed briefly in February and during May through September
1990 and the subsequent salinity in the system was brackish. Surface salinities ranged from
19.2 ppt to 30.4 ppt before the closure (i.e., on 28 November 1989) and 0.5 ppt to 18.7
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.ppt afterward (Figure WQ12). Due to the closure of the mouth, the estuary exhibited
strong vertical stratification during February through April 1990. By May, stratified
conditions had mostly disappeared. The vertical differences in salinity, which were
between 20 - 28 ppt in April, were usually less than 2 ppt from May through November.
The exception to this was in June at station S-6, when surface salinity was 8.4 ppt and
bottom salinity was 13 ppt. The disruption of the large salinity differences present in
spring indicates a large energy input into the system, presumably from wind mixing, as
well as tidal mixing during bar-open conditions.

Dissolved Oxygen

Average daytime surface dissolved oxygen levels in Estero de San Antonio and Stemple
Creek ranged from 2.6 mg/L (fall, station S-6) to 17.2 mg/L (winter, station S-2) (Figure
WQ13). The high winter dissolved oxygen at station S-2 is based on one sample when an
annotation in the field notes read “water incredibly green”. It is not likely representative
of winter dissolved oxygen at this station. Reduced dissolved oxygen levels often
occurred in the bottom layer during the period of stratification. During this time
(February, and May through September 1990) dissolved oxygen in the bottom layer
ranged from 0.3 mg/L to 7.4 mg/L, while dissolved oxygen at the surface ranged from
6.6 mg/L to 17.2 mg/L. The surface and bottom dissolved oxygen concentrations are
shown for station S-4 in Figure WQ14. Station S-6 continued to have low dissolved
oxygen near the bottom through November 1990.

Nitrogen

Mean seasonal nitrate concentrations in Estero de San Antonio and Stemple Creek ranged
from undetectable (stations S-4, S-6, and S-8 in summer; detection limit = 0.03 mg-N/L)
to 2.15 mg-N/L at station S-8 in winter. Nitrate concentrations were usually highest in
winter and early spring and usually higher in the Creek stations (stations S-8 and S-10)
than in the Estero stations (Figure WQ15).

Average seasonal total ammonia ranged from 0.065 mg-N/L (summer, station S-6) to
6.05 mg-N/L (winter, station S-10). Both ammonia and nitrate were usually lowest in
summer and highest in winter.

The concentration of un-ionized ammonia in the Stemple Creek stations exceeded either
the chronic or both the chronic and acute freshwater EPA ammonia guidelines on one of
seven occasions at station S-8 and on seven out of eight occasions at station S-10. At
these stations average un-ionized ammonia ranged from below detection to 0.18 mg-N/L
(station S-10, March 1990) (Figure WQ16). The concentration of un-ionized ammonia in
Estero de San Antonio, when salinities were less than 10 ppt, exceeded the chronic
freshwater EPA ammonia guidelines in one of one measurement at station S-2, two of
three measurements at station S-4, and one of three measurements at station S-6. The
concentration of un-ionized ammonia in Estero de San Antonio, when salinities were
greater than 10 ppt, exceeded the chronic saltwater EPA ammonia guideline in two of
seven measurements at station S-6. One of these measurements at station S-6 also
exceeded the acute saltwater EPA ammonia guideline. The EPA saltwater guidelines for
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ammonia were never exceeded in seven measurements at station S-4 and nine
measurements at station S-6.

Metals

Dissolved copper concentrations in Estero de San Antonio and Stemple Creek during
October 1989 through November 1990 ranged from 2 µg/L to 26 µg/L (the latter value
found at station S-10 in November 1989). The EPA freshwater CMC and CCC were
exceeded in one of ten measurements from Stemple stations S-8 and S-10. The saltwater
CMC and CCC were exceeded on two of four measurements at station S-6. However,
these exceedances occurred at times when salinity was only 0.5 ppt. If the freshwater
guidelines are applied, no exceedances occurred at station S-6. In Estero de San Antonio,
the saltwater copper CMC and CCC were exceeded on one of one measurement in station
S-2 and in two of three measurements at station S-4.

Mean seasonal total copper ranged from undetectable (fall, stations S-4 and S-6;
detection limit = 0.1 µg/L) to 17 µg/l (fall, station S-10). In the Stemple Creek stations,
copper exceeded the EPA chronic guideline for copper toxicity (assuming a hardness of
100 mg/L as CaCO3) in 2 of 14 measurements. In Estero de San Antonio copper
exceeded the chronic and acute guideline (both = 2.9 µg/L) in 6 of 16 measurements.

Dissolved lead concentrations in Stemple Creek stations S-8 and S-10 during October
1989 through 1990 ranged from below detection (detection limit = 0.1 µg/L) to 5.2 µg/L.
The EPA CCC of 2.5 µg/L (assuming a hardness of 100 mg/L as CaCO3) was exceeded
in one of seven measurements in Stemple Creek during this time period. Dissolved lead
concentrations in Estero de San Antonio during this time period were all below detection
(detection limit = 0.1 µg/L). This detection limit is below the saltwater CCC for
dissolved lead (8.1 µg/L).

Dissolved zinc concentrations in Stemple Creek stations S-8 and S-10 during October
1989 through 1990 ranged from 13 to 80 µg/L. There were no exceedances of the EPA
freshwater CCC and CMC. Dissolved zinc concentrations in Estero de San Antonio
during this time period ranged from below detection (detection limit = 1.0 µg/L) to 21
µg/L. There were no exceedances of the EPA saltwater CCC and CMC.

Mean seasonal total zinc for October 1989 through November 1990 ranged from
undetectable (fall, station S-4; detection limit = 1.0 µg/L) to 55 µg/L (fall, station S-10).
The EPA guidelines for zinc toxicity (assuming a hardness of 100 mg/L as CaCO3) were
never exceeded during this segment of the study.

Chlorophyll a

Mean seasonal chlorophyll a during October 1989 through September 1990 ranged from
0.002 mg/L at station S-2 in fall to 0.49 in station S-10 in summer. The highest
chlorophyll a concentrations were generally found at station S-10 (Figure WQ17). The
exception to this was in February 1990 when the chlorophyll a concentration at station S-
10 was lower than the other stations.
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2.4 INVERTEBRATES

Invertebrate sampling in Esteros Americano and de San Antonio included plankton (small,
free-swimming animals with limited powers of directed movement, such as copepods),
nekton/epibenthos (larger, stronger-swimming invertebrates, such as shrimps and crabs),
and benthos (animals which live in the sediments, such as worms and clams).

2.4.1 Zooplankton and Fish Larvae

2.4.1-1 Methods

Zooplankton and other aquatic life were collected with metered nets of two mesh sizes:
505 µm and 130 µm. The larger mesh net is designed to collect larger zooplankton, the
young life stages of nekton and epibenthos, and fish larvae. The smaller net catches mostly
small zooplankton and the young life stages of larger zooplankton. The adult forms of the
numerically dominant species of copepods are retained by the larger mesh net, although
their immature stages are probably not quantitatively collected. The following summary is
based primarily on the data from the larger net, which are available for the whole 3-year
study period.

2.4.1-2 Results

A description of the zooplankton and the larval fish that were collected in the zooplankton
nets is given below for each Estero.

Estero Americano

Zooplankton

The invertebrate zooplankton data from the 505-mesh nets are given in Appendix P1.
During the study period (1988 - 1990) the bar at the Estero mouth was maintained open
continuously, and the zooplankton fauna consisted of a rather diverse assemblage of
estuarine and coastal species. Figure P1 shows that the five Estero Americano stations had
10 - 20 species each, with greater diversity (up to 30 species) near the mouth. There was
no clear seasonal pattern in the number of zooplankton species which occurred at the five
stations.

Figure P2 shows that the 505-mesh net tows in Estero Americano usually contained
around 25 individuals per m3. Counts of smaller zooplankton, available for the first two
years of the study, are typically much higher than this. Counts of up to 300,000 individuals
per cubic meter (i.e., 300 per liter) have been observed at station E-5 in fall (see Technical
Memorandum No. E8). The 505-mesh net counts had peaks of several hundred individuals
per cubic meter in May 1989 at the upstream station, E-5, primarily due to the abundance

of Neomysis mercedis; and at the near-mouth station, E-1, in April 1990 due to larvae
(zoeae) of xanthid crabs. Acartia clausi, the most common copepod, and often the most
common zooplankter, typically comprised at least a third of the total catch at all stations
except E-5.
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Fish Larvae

The larval fish collected in the 505-µm net tows are summarized in Appendix P3. There
were typically only one to five kinds of larval fish present (Figure P3), and these generally
were the same species whose adults frequent the Estero (see fish section). Larval fish
seldom exceeded ten per cubic meter, except for brief pulses of up to 67 per cubic meter
(Figure P4), due to immature gobies.

Estero de San Antonio

Zooplankton

Estero de San Antonio was studied from mid-1989 through September 1990. During this
period the bar at the Estero de San Antonio mouth was allowed to open and close due to
natural forces. The diversity (number of zooplankton species) was much less than in
Estero Americano. Estero de San Antonio typically had 5 to 10 species (Figure P5). Total
zooplankton numbers were often lower as well, except for April 1990 when a bloom of
Eurytemora affinis occurred at all 3 stations (Figure P6). E. affinis was typically the
dominant copepod species in Estero de San Antonio. This species is remarkably euryhaline
(tolerates wide range of salinities), and so is well adapted to the salinity extremes of that
environment, which ranges from fresh to hypersaline.

The composition of the macrozooplankton faunas of the two Esteros are compared in
Figure P7, which shows that copepods comprised from 30 to 45 percent of the total in
Estero Americano, whereas in Estero de San Antonio, copepods accounted for 85 to 90
percent of the zooplankton numbers. Epibenthic and benthic invertebrates and fish are also
more diverse in Estero Americano (see below). The greater diversity in Estero Americano
is very likely due to its mouth being maintained open continuously, thus assuring a
continuous supply of recruitment from marine populations. However, the fauna at the
stations sampled in Estero de San Antonio was not necessarily more diverse during brief
bar-open conditions than when its bar was closed. This is shown in Figure P8. Closer to
the mouth, the number of invertebrate species would reflect coastal populations during
bar-open conditions. Total zooplankton abundance may have been higher during bar open
conditions (Figure P9--note log scale), but these data are driven by the Eurytemora bloom
which took place during a brief bar-open episode in April 1990, but which did not depend
upon an influx of recruitment from the sea.

Fish Larvae

Estero de San Antonio had fewer kinds of fish larvae (Figure P10), typically only one or
two on a given day. The abundance of fish larvae was also much lower in Estero de San
Antonio (Figure P11). These plots (and also the invertebrate plots P5 and P6) show which
days the bar was open or closed. There is no obvious relationship between diversity or
abundance of fish or invertebrates and whether the bar was open.
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2.4.1-3 Comparison With Other Data

The biology of the Esteros was summarized in DFG (1977). However, that review did not
provide information about zooplankton. No other studies of Estero biology have been
identified.

2.4.2 Nekton/Epibenthic Invertebrates

2.4.2-1 Methods

Shrimps, crabs, and other free-swimming macroinvertebrates were collected in bottom
trawls and gillnets used in fish sampling (see fish methods).

2.4.2-2 Results

Estero Americano

Catches of nektonic and epibenthic invertebrates in fish trawls and gill nets are listed in
Appendix E1. These data are only semi-quantitative. Small invertebrates such as Neomysis
are retained only when they become entangled in macrophytes or other debris in the trawl
cod-end, or when they are so abundant as to clog the cod-end. Only large invertebrates
such as Cancer crabs are caught in gill nets.

Forty-five invertebrate species were collected during the three years, twelve of which were
collected for the first time during the second year and ten more of which were not seen
until the third year. It is typical that the number of species collected increases as the
number of collections increases. Several of the Estero Americano epibenthic invertebrates
are primarily associated with macrophytes. As was the case with zooplankton, the number
of epibenthic invertebrate species collected was greatest near the mouth of the Estero and
decreased upstream (Figure E1). Appendix E2 summarizes the invertebrate distributions in
the Estero by the number of occurrences of each species at each station. Mysids, shrimps,
and crabs, often species of economic importance, comprised the most numerous
invertebrate groups represented.

Four mysid species were found, but of these only Neomysis mercedis occurred throughout
the Estero. It was often found in great abundance. The other three species were found
only at stations E-1 and/or E-2, the most seaward stations, and only in low numbers.

Nine caridian shrimp species were collected, three of which (Crangon franciscorum, C.
nigricauda, and Heptacarpus pictus) were widely distributed in the estuary. Crangon
franciscorum is the common shrimp species in San Francisco Bay.

Twelve species of crabs were found, six of which were Cancer species. Of these, only C.
magister, the Dungeness crab, occurred at all Estero stations. Larger Dungeness crabs
were often caught in gillnets.
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Hemigrapsis oregonensis, the yellow shore crab, was abundant throughout the Estero,
and was an important forage organism.

A single individual of Carcinus maenas, the green shore crab, was caught in a gillnet at
station E-2 on 8 June 1989. This is a common European species which has been
introduced along the Atlantic coast of North America, but up until that time rarely
occurred on the Pacific coast. This specimen was examined by Dr. James T. Carleton, who
commented that Carcinus had been reported from this coast only one other time during
this century (a single specimen from Willapa Bay, Washington, in 1961). The estero
specimen proved to be a harbinger, as the species has since become common in both San
Francisco Bay and in Bodega Bay.

Two amphipod species, Ampithoe lacertosa and Anisogammarus confervicolus were
widely distributed within the estuary wherever macrophytes were collected.

The number of invertebrate species collected in otter trawls was greatest in fall and winter,
and fewest in summer; this was true both near the mouth and in the upper part of the
Estero (Figure E1). Few epibenthic invertebrates were caught in the upper Estero (stations
E-4 and E-5) during high freshwater runoff during March and April, 1989. No such catch
decrease in the number of invertebrate species occurred at Estero stations nearer to the
mouth nor did such a decrease occur in 1990, which had less rain. However, many of the
epibenthic invertebrates collected in the upper estero during the runoff event in March
1990 were in poor condition, as is discussed in the fish section below.

Table 3 lists numerically dominant epibenthic invertebrate species found at each station in
the two Esteros.
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Table 3.

Estero Americano Nektonic/Epibenthic Invertebrate Summary

Station Total
Species

Collected

Mean
individ./m2

Dominant Species % of
Total

E-1 35 9.2 Crangon nigricauda Black-tail shrimp 33.9

Heptacarpus pictus Broken-back shrimp 14.5

Pugettia producta Kelp crab 8.0

Heptacarpus brevirostris Broken-back shrimp 6.0

Hemigrapsis oregonensi Yellow shore crab 4.2

Cancer magister Dungeness crab 3.6

E-2 30 7.5 Neomysis mercedis Opossum shrimp 93.8

Lacuna sp. Chink snail 3.3

Heptacarpus pictus Broken-back shrimp 1.0

E-3 14 3.9 Neomysis mercedis Opossum shrimp 64.2

Hemigrapsis oregonensis Yellow shore crab 21.8

Crangon nigricauda Black-tail shrimp 6.5

Crangon franciscorum San Francisco Bay
shrimp

5.3

E-4 18 3.9 Neomysis mercedis Opossum shrimp 98.9

Hemigrapsis oregonensis Yellow shore crab 0.8

Crangon franciscorum San Francisco Bay
shrimp

0.1

E-5 14 2.8 Neomysis mercedis Opossum shrimp 92.3

Hemigrapsis oregonensis Yellow shore crab 6.1

Crangon franciscoru San Francisco Bay
shrimp

0.8
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Estero de San Antonio

Catches of nektonic and epibenthic invertebrates in fish trawls and gill nets are listed in
Appendix E3. Sampling effort in Estero de San Antonio was less than in Estero
Americano, but the invertebrates collected from Estero de San Antonio are species also
common in Estero Americano. These include Neomysis mercedis, Crangon franciscorum,
Corophium spinicorne, and Anisogammarus confervicolus (Table 4). One specimen of
Cancer jordani, a small Cancer crab, was collected at station S-2 near the mouth in
September 1989. This species was collected in Estero Americano on several occasions,
always near the Estero mouth.

Table 4.

Estero de San Antonio Nektonic/Epibenthic Invertebrate Summary

Station Total
Species

Collected

Mean
individuals/m2

Dominant Species % of
Total

S-2 8 3.3 Neomysis mercedis Opossum shrimp 61.1

Corophium spinicorne Scud 33.3

Anisogammarus
confervicolus

Scud 5.2

S-4 6 2.3 Corophium spinicorne Scud 70.9

Neomysis mercedis Opossum shrimp 22.4

Anisogammarus
confervicolus

Scud 6.6

S-6 8 2.1 Corophium spinicorn Scud 88.8

Anisogammarus
confervicolus

Scud 8.4

Cenocorixa blaisdelli Water boatman 2.4

Appendices E3 and E4 show that far fewer epibenthic species were found in Estero de San
Antonio than in Estero Americano; this is due in some part to the fewer number of
sampling dates, but also reflects that no samples were collected in eelgrass beds close to
the Estero mouth, as was the case with Estero Americano.
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There may have been more of an impact of runoff in 1990 on the number of epibenthic
invertebrate species than in Estero Americano (Figure E2), but so few species were found
before the rain that it is difficult to be certain.

Both Esteros were dominated by estuarine species, but unlike Estero Americano, Estero
de San Antonio had few coastal species represented at the stations sampled.

2.4.2-3 Comparison with Earlier Data

DFG (1977) included a list of invertebrates from various habitats in the two esteros.
Included are 12 species of mysids, shrimps, and crabs. All of these species were also found
in the 1988-1990 study. The DFG list attributed most of the invertebrate species to Estero
de San Antonio, with only a few indicated as also occurring in Estero Americano. It is
likely that most or all of these species occurred in both esteros, and that the longer list
reflects the greater study effort expended in Estero de San Antonio in the 1970’s (see
reports cited in DFG, 1977). No quantitative data on invertebrates was presented in the
1977 review.

2.4.3 Benthic Invertebrates

2.4.3-1 Methods

Sediment samples were collected with a 15.2 x 15.2 cm ("petite") PONAR grab and
screened in the field through a 0.5 mm screen. Benthic invertebrates were preserved in
formalin to which rose Bengal stain had been added. Samples were transferred to 70
percent ethanol after 48 hours. Benthic samples were collected approximately quarterly.
Data were collected nine times during the three-year study period (1988, 1989, 1990) in
Estero Americano/Americano Creek stations. In Estero de San Antonio benthic
invertebrate samples were collected three times during 1990.

Beginning in May, 1989, two intertidal mudflat stations were added to the sampling
schedule in Estero Americano. The first (station 2A) is located in the shallow embayment
on the south side of the Estero approximately midway between stations E-1 and E-2. The
second (station 3A) is located a few meters north of station E-3. A third intertidal station
(2B, located on the opposite side of the channel from 2A) was sampled only in
September 1990.

2.4.3-2 Results

Estero Americano

Qualitative Aspects

Over 110 invertebrate taxa have been identified to date from Estero Americano benthic
samples (Appendix B1). Of these, 46 are polychaete species, 27 are crustaceans, and 19
are molluscs. The remaining taxa represent other groups, and these were usually not
identified to species.
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The abundance and composition of benthic invertebrate animals is highly dependent on the
substrate type. The benthic environment at Estero Americano station E-1 is composed of
coarse sand and gravel, reflecting the relatively high energy of currents near the mouth.
This station was sampled only on the first and the last survey. It contained only a few
nemerteans and a population of Hesionura sp., a polychaete characteristic of coarse sand
habitats. Since the sediments at stations E-2 to E-5 are silts and sandy silts, it was decided
not to include station E-1 in subsequent surveys. The number of benthic species was
highest at station E-2, and diminished farther upstream (Figure B1). Station E-2 had 17 -
40 species, often over twice as many as any of the stations further upstream. The
proximity to the sea (the source of invertebrate larvae as well as relatively constant
salinity) and the presence of eelgrass at station E-2 undoubtedly contributed to the greater
diversity of benthic invertebrates found there. Station E-3 had 6 -19 benthic invertebrate
species, while station E-4 had 5 - 8 species. Only 3-5 species were collected at station E-5.

The benthic invertebrate fauna was dominated by a few small species (Table 5). The
polychaete Streblospio benedicti and the amphipod Corophium spinicorne were the
numerically dominant benthic species at most stations and seasons. Other species which
occasionally occurred in sizable numbers were the polychaetes Pseudopolydora kempi,
Capitella capitata complex, another capitellid, designated species A; the amphipods
Grandidierella japonica and Ampelisca abdita [=A. milleri]; and Cumella vulgaris, a
cumacean. Most of the other species occurred in low numbers. Molluscs in these samples
were represented only by tiny juveniles of various bivalves whose adults, although well
represented in Estero Americano mudflats, are not effectively sampled with the PONAR
grab. These include the heart cockle, Clinocardium nuttalii, the Baltic macoma, Macoma
balthica, the bent-nosed clam, Macoma nasuta, the littleneck clam, Protothaca staminea,
and the Japanese littleneck, Tapes japonica. The bivalves in intertidal mudflats in Estero
Americano were quantitatively surveyed in July 1990, and these data were reported in a
separate report (Technical Memorandum No. E8A).

PONAR samples at the intertidal mudflat stations 2A, 2B, and 3A yielded qualitatively
similar benthic faunas to nearby channel sites.

The number of polychaete species found at stations E-2 and E-3 decreased dramatically
between January 1989 and the next sampling, in May 1989 (Appendix B1). This may be a
reflection of the high freshwater runoff following heavy rains in March 1989 (the most
significant runoff event during the study period). No such decrease in benthic crustacean
species occurred, but the Estero Americano amphipods are known to be euryhaline
species. The benthic invertebrate data base is too scanty to draw definitive conclusions,
however.
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Table 5.

Estero Americano Benthic Invertebrate Summary

Station Total
Species

Collected

Mean
individuals/m2

Dominant Species % of Total

E-2 71 37.2K Ampelisca abdita Scud 46.4

Streblospio
benedicti

Polychaete worm 13.4

Corophium
spinicorne

Scud 19.4

E-3 33 35.1K Corophium
spinicorne

Scud 60.4

Pseudopolydora
kempi

Polychaete worm 10.2

Streblospio
benedicti

Polychaete worm 9.0

E-4 18 26.14K Streblospio
benedicti

Polychaete worm 78.5

Corophium
spinicorne

Scud 10.3

E-5 12 29.1 Streblospio
benedicti

Polychaete worm 66.4

Oligochaeta Aquatic
earthworms

27.1

Corophium
spinicorne

Scud 6.0

Quantitative Aspects

The abundance of benthic invertebrates in Estero Americano ranged from 1,000 (station
E-5 in September, 1989) to over 122,000 (station E-3 in May 1989) individuals per square
meter of bottom. Station E-2, which had the maximum number of benthic invertebrate
species, sometimes had the highest numbers of individuals as well, although the maximum
abundance often occurred at station E-3, which averaged 35,000 individuals/m2 over all
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seasons (Figure B2). Average abundance at stations E-4 and E-5 was only slightly less
than that at station E-3. Between-date variability in benthic invertebrate abundance at each
station was large, so that the between-station differences are probably not statistically
significant.

The decrease in the number of polychaete species between January and May 1989 was
accompanied by a decrease in polychaete abundance, from over 28,000 to less than 775
individuals/m2 (average for stations E-2 - E-5). Crustacean numbers increased at those
stations over the same interval, from ca. 25,000 to over 36,000 individuals/m2. This was
due to increased abundance of Corophium spinicorne, a species that is tolerant of very
low salinity.

Americano Creek

Americano Creek was sampled for benthic invertebrates at station E-6 (Gericke Road
crossing). The creek here is freshwater and intermittent. Mean monthly flows in winter
and spring are often several tens of cfs, but by late spring or summer the creek is reduced
to a series of standing pools which were used as cattle wallows (cattle have since been
fenced out of the creek at this site). Later the site is dry. Technical Memorandum E6
provided a summary of monthly estimated streamflows at this station for the years 1958
through 1985.

In April 1988 benthic invertebrates at station E-6 consisted of oligochaetes (over
90,000/m2) and Chironomus larvae (ca. 2000/m2), as well as a few tiny Corophium
spinicorne. A conspicuous population of free-swimming entomostracans--consisting
primarily of Daphnia magna, but also including other cladocerans and copepods--attested
to the fact that flow rates were low. Very few animals were found in July 1988, and the
site was dry on the next survey date (26 October 1988). No benthic animals were found in
the sample collected at station E-6 on 20 January 1989. Another sample was collected on
18 September, by which time the site was nearly dry. A few oligochaetes were found,
along with semi-aquatic species (muscoid maggots) associated with manure.

Estero de San Antonio and Stemple Creek

Benthic invertebrate data is available for three dates in 1990 at each of three stations S-2,
S-4, and Ss-6 (Appendix B2). Only about twenty species were found, although the
dominant species were often the same species that were most abundant in Estero
Americano. Total numerical abundances were similar in the two Esteros (Table 6, Figure
B3). There was no apparent effect of runoff on benthic invertebrates in Estero de San
Antonio, but the data is scanty (Figure B4). The shorter list of benthic species in Estero de
San Antonio relative to Estero Americano also reflects that Estero de San Antonio was
not sampled as close to the mouth, where coastal species mostly occurred in Estero
Americano.
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Table 6.

Estero de San Antonio Benthic Invertebrate Summary

Station Total
Species

Collected

Mean
individuals/m2

Dominant Species % of
Total

S-2 17 31.4K Corophium spinicorne Scud 35.6

Oligochaeta Aquatic
earthworms

25.6

Streblospio benedicti Polychaete worm 19.3

Capitella capitata Polychaete worm 8.3

S-4 13 44.0K Oligochaeta Aquatic
earthworms

40.5

Corophium spinicorne Scud 34.9

Streblospio benedicti Polychaete worm 13.8

S-6 9 1.8K Ostracoda Seed shrimps 66.4

Corophium spinicorne Scud 13.8

Oligochaeta Aquatic
earthworms

10.3

2.4.3-3 Comparison with Earlier Data

The list of invertebrates in the 1977 review of the esteros (DFG, 1977) is much shorter
than lists based on the 1988-1990 collections. Species found in the 1970’s were still
present in the later collections. The earlier list is shorter because only a few of the
polychaetes were identified to species, and because sampling effort was probably not
focused on the areas near the estero mouths where the most diverse assemblages occur.
As was the case with swimming invertebrates, the 1977 list attributed most of the species
to Estero de San Antonio, with only a few indicated as also occurring in Estero
Americano. This is almost certainly a reflection of the sampling effort being mostly
focused on Estero de San Antonio in the earlier report.

2.5 FISH

2.5.1 Methods

Fish were collected in the esteros by otter trawl (8 ft. wide opening, ¼ in. mesh bag) and
gillnet (variable mesh, ¾-5 in., stretched). The trawl was slowly dragged once at each
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station, parallel to the channel, usually for 4 minutes in Estero Americano (except station
E-5, 2 min.), and 2 minutes at Estero de San Antonio stations (a longer interval would
cause the bag to become clogged with mud). The otter trawl is effective at capturing
bottom-dwelling, slow-moving fishes, as well as epibenthic invertebrates such as crabs,
shrimp, and mysids. The gillnets were used to capture more active, faster-moving, benthic
and mid-water fishes which would avoid the trawls. Crabs were also routinely captured in
the gillnets. Gillnets were set overnight at each station, parallel to the main channel and
direction of tidal current. Fish were sampled on 21 occasions from 1988 through 1990 in
Estero Americano, and on 10 occasions from 1989 through 1990 in Estero de San
Antonio (Table 2).

2.5.2 Results

Detailed results of the fish sampling conducted through October 1989 were presented in
Technical Memoranda No. E5 and E8. Results from November 1989 through September
1990 are presented here, except in the cases of species lists, and bar-open vs. bar-closed
comparisons in Estero de San Antonio, where data from all years (1988 - 1990) are
combined.

2.5.2-1 Estero Americano

A total of 46 fish species representing 22 families were collected during the entire
sampling period in Estero Americano (Table 7). Many of the species listed in Table 7 are
typically marine species that may wander into the mouths of estuaries at high tide to feed
(e.g., cabezon, ling cod, buffalo sculpin, opaleye), and were mainly captured at the marine-
like lower stations E-1, E-2, or E-3 (sampling effort and catch results are summarized in
Appendices F1-F6; complete data for every trawl and gillnet set are provided in
Appendices F7 and F8). Others species found in Estero Americano are either typically
estuarine dwellers throughout their lives (e.g., shiner surfperch, tidewater goby, longjaw
mudsucker), species that are common in both marine and estuarine areas (e.g., leopard
shark, starry flounder, English sole), or species that either spawn in estuaries (topsmelt,
jacksmelt, Pacific herring) or whose larvae or juveniles move into estuaries to spend the
early part of their lives (plainfin midshipman). Only two anadromous fishes (striped bass
and steelhead trout) are listed in Table 7. The striped bass are occasional visitors feeding
in the Estero, but unlikely to spawn there, because the whole system is much too small for
their reproductive strategy. The two steelhead adults captured in the Estero were probably
strays from other watersheds (one was definitely a hatchery-reared fish--see Technical
Memorandum No. E8), as there is essentially no salmonid spawning habitat remaining in
the Estero Americano watershed (Aquatic Habitat Survey Results Technical
Memorandum, MSC 1996). Both steelhead trout and coho salmon are thought to have
had spawning runs in the Americano watershed historically (DFG 1977, CSCC 1987,
Buell 1988).
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Table 7.

Fish Species Caught in Estero Americano, 1988 - 1990

Family Scientific Name Common Name

Atherinidae Atherinops affinis Topsmelt

Atherinopsis californiensis Jacksmelt

Batrachoididae Porichthys notatus Plainfin midshipman

Bothidae Citharichthys sordidus Pacific sanddab

Citharichthys stigmaeus Speckled sanddab

Carcharhinidae Triakis semifasciata Leopard shark

Clinidaey Gobbonsia montereyensis Crevice kelpfish

Clupeidae Clupea harengus Pacific herring

Cottidae Leptocottus armatus Staghorn sculpin

Oligocottus maculosus Tidepool sculpin

Cottus asper Prickly sculpin

Enophrys biso Buffalo sculpin

Scorpaenichthys marmoratus Cabezon

Unidentified sculpin

Embiotocidae Phanerodon furcatus White Surfperch

Damalichythys vacca Pile surfperch

Brachyistius frenatus Kelp surfperch

Amphistichus argenteus Barred surfperch

Cymatogaster aggregata Shiner surfperch

Micrometrus minimus Dwarf surfperch

Embiotoca jacksoni Black surfperch

Engraulididae Engraulis mordax Northern anchovy

Gadidae Microgadus proximus Pacific tomcod

Gasterosteidae Aulorhynchus flavidus Tubesnout

Gasterosteus aculeatus Threespine stickleback

Gobiidae Clevelandia ios Arrow goby

Eucyclogobius newberryi Tidewater goby

Gillichthys mirabilis Longjaw mudsucker

Ilypnus gilberti Cheekspot goby

Goby larvae

Hexagrammidae Hexagrammos decagrammus Kelp greenling
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Table 7.

Fish Species Caught in Estero Americano, 1988 - 1990

Family Scientific Name Common Name

Ophiodon elongatus Lingcod

Unidentified greenling

Kyphosidae Girella nigricans Opaleye

Osmeridae Hypomesus pretiosus Surf smelt

Spirinchus thaleichthys Longfin smelt

Unidentified smelt

Percichthyidae Morone saxatilis Striped bass

Pholididae Apodichthys flavidus Penpoint gunnel

Pleuronectidae Hypsopsetta guttulata Diamond turbot

Parophrys vetulus English sole

Platichthys stellatus Starry flounder

Psettichthys melanostictus Sand sole

Unidentified larval flatfish

Salmonidae Onchorhynchus mykiss Steelhead trout

Scorpaenidae Sebastes jordani Shortbelly rockfish

Sebastes sp. Juvenile rockfish A

Sebastes sp. Juvenile rockfish B

Sebastes sp. "Black" juvenile rockfish

Unidentified juvenile rockfish

Squalidae Squalus acanthias Spiny dogfish

Syngnathidae Syngnathus leptorhynchus Bay pipefish

Seasonal variations in trawl and gillnet catches are shown in Figures F1 and F2, and
parallel the results obtained in 1988-1989 (Technical Memorandum No. E8): fish numbers
were low in the winter months, increasing in spring and summer. The high values shown in
trawl catches for July and September 1990 samples are mainly due to an influx of
fingerling plainfin midshipman (Appendices F3 and F4), which was also observed in the
late summer samples in 1989. After plainfin midshipman, the species most commonly
caught in trawls (Appendix F3) were staghorn sculpin, arrow goby, shiner surfperch,
topsmelt, northern anchovy, and threespine stickleback, all of which are common estuarine
species in this region. Gillnet catches (Appendix F5) were dominated by topsmelt (54
percent of total), followed by jacksmelt, shiner surfperch, staghorn sculpin, Pacific herring,
and surfsmelt.
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2.5.2-2 Estero de San Antonio

In Estero de San Antonio, thirteen fish species were captured by trawl and gillnet (Table
8). Twelve of the thirteen species were also captured in Estero Americano--Bay goby was
the only species caught only in Estero de San Antonio. The sampling effort is shown in
Appendices F9 and F10, for trawls and gillnets, respectively. Total catch by each method
is presented in Appendices F11- F14, and is displayed in Figures F3 and F4. Complete
data for each trawl and gillnet set are provided in Appendices F15 and F16. The
selectiveness of the two sampling methods for different fish species can be readily seen by
comparing Appendix F11 (otter trawls) with Appendix F13 (gillnets). The results show
that threespine stickleback and tidewater goby were relatively abundant at stations S-2 and
S-4 and very abundant at S-6, but were not vulnerable to capture by gillnet (adults of both
of these species are quite small, less than about 2 inches total length, and pass through the
smallest mesh on the gillnets). Staghorn sculpin were common throughout the estuary and
were vulnerable to capture by both methods; their sluggishness and demersal lifestyle
makes them vulnerable to trawls, and their prominent barbed spines are easily entangled by
gillnets. On the other hand, Pacific herring, topsmelt, and striped bass are all good
swimmers that usually avoid trawls, but are readily captured in gillnets. Most of the Pacific
herring were spawning adults captured at S-2 in March (Appendices F13-F14, Figure F4).
The high value shown for March in Figure F4 is mainly due to these herring, which spawn
in late winter in estuaries and shallow coastal areas.

Tidewater goby, a federally endangered species, was abundant in Estero de San Antonio,
particularly at the uppermost station, S-6. Minimizing incidental mortality to this species
was a major part of the reason for reducing the trawl interval from 4 to 2 minutes in this
Estero--at times, hundreds were captured in a single trawl, forcing the team to hurriedly
sort and release them to avoid injury or suffocation. The trawls at station S-6 invariably
collected massive quantities of manure along with the gobies. The large numbers of
tidewater gobies in the presence of the manure is in contrast to reports that the species is
sensitive to "nutrient enrichment from agricultural and sewage effluents" and requires
"clean, coarse sand" for breeding (Swift et al. 1989).
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Table 8.

Fish Species Caught In de Esstero de San Antonio 1989-90

Family Scientific Name Common Name

Atherinidae Atherinops affinis Topsmelt

Clupeidae Clupea harengus Pacific Herring

Cottidae Leptocottus armatus Staghorn sculpin

Cottus asper Prickly sculpin

Gasterosteidae Gasterosteus aculeatus Threespine stickleback

Gobiidae Lepidogobius lepidus Bay goby

Clevelandia ios Arrow goby

Ilypnus gilberti Cheekspot goby

Eucyclogobius newberryi Tidewater goby

Percichthyidae Morone saxatilis Striped bass

Pleuronectidae Parophyrys vetulus English sole

Platichthys stellatus Starry flounder

Syngnathidae Sygnathus leptorhynchus Bay pipefish

2.5.2-3 Comparison of Esteros

The list of fish species captured in Estero de San Antonio (Table 8) is much shorter than
the list for Estero Americano (Table 7), so a few explanatory remarks may be in order.
First, all of the species captured in Estero de San Antonio are generally regarded as
typically estuarine species, although some may be equally abundant in nearshore coastal
waters (e.g., English sole), or may spend much of their adult life at sea (striped bass). All
of these same species except Bay goby were also collected in Estero Americano, as were
many of the invertebrates (discussed in previous sections, above), which suggests that the
two estuaries are basically similar, at least in the functional, ecosystem sense. The longer
species list for Estero Americano is probably a result of a combination of three factors:

• the "species-area relationship”;

• types of habitat sampled; and

• sampling effort/frequency.

The "species-area relationship" (Macarthur 1972) is an well-known concept in ecology
which says that, as the size of an area increases (e.g., one island compared to another), so
does the number of species living within that area. A corollary to this concept is that as the
size of the area sampled increases, so does the number of species collected. Estero
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Americano is considerably larger than Estero de San Antonio (approximately 300 acres
open water and 400 acres wetlands vs. 90 acres open water and 200 acres wetlands,
respectively--DFG, 1977). Thus, on that basis alone, Estero Americano would be
expected to harbor more aquatic species than Estero de San Antonio.

The types of habitat sampled in the two esteros differed significantly--the primarily marine
portion of Estero Americano represented by stations E-1, E-2, and to some extent, E-3,
had no equivalent in the sampling program conducted in Estero de San Antonio. The
marine area near the mouth of Estero de San Antonio is very small relative to the
equivalent portion of Estero Americano, and is also very shallow, with swift tidal currents,
making boating impossible most of the time, and ruling out use of either trawls or gillnets.
Approximately two thirds of the fish species listed in Table 7 for Estero Americano are
regarded as marine species, and most of those were captured at stations E-1 and E-2
(Appendices F7- F8, and Technical Memorandum No. E8).

Finally, the sampling effort was greater in Estero Americano than in Estero de San
Antonio, in terms of time (21 occasions over 2½ years vs. 9 occasions over 15 months),
number of stations sampled (5 in Americano vs. 3 in de San Antonio), and duration of
trawls (4 minutes in Americano vs. 2 in de San Antonio, on average, which means twice as
much area sampled), all of which lead to the expectation that more species would be found
in Estero Americano than in Estero de San Antonio.

The sampling on 7-8 February 1990 was conducted immediately after a rainstorm, and
both esteros were experiencing a large influx of freshwater combined with runoff
containing manure. The observable effects on the biota in the two esteros were quite
different. Estero Americano was open at its mouth, and being unstratified, fresh water
totally displaced salt water at upper stations. Trawl samples at stations E-4 and E-5 had a
foul odor and contained many recently killed mysids, Dungeness crabs, and shore crabs
(Hemigrapsus), and the few live specimens were moribund. Very few fish were collected.
In contrast, the mouth of Estero de San Antonio was closed at this time, and stratification
persisted within the estero. The water level at S-2 was approximately 8 to 10 feet higher
than normal. No fish were caught in gillnets (sampling mainly the freshwater layer), but a
few gobies, sticklebacks, and sculpins were collected in trawls (Appendices F12, F15).
This suggests that the lower, saline layer provided a refuge from the lethal effects of
freshwater on this date.

Although Estero de San Antonio was sampled over only a 15-month period, the trends in
seasonal catch variation appear similar to those in Estero Americano; greater catches in
spring and summer, lower numbers in fall and winter (Figures F3 and F4).

Possible reasons for the disparity in the density of tidewater goby in the two esteros are
discussed in some detail in Technical Memoranda No. E5 and E8. The likely reason for the
low abundance of tidewater goby in Estero Americano relative to Estero de San Antonio
is poor water quality conditions (mainly lack of summer freshwater input and resulting
spates of hypersalinity in the upper Estero) and/or habitat conditions in Estero Americano
(C. Swift, Los Angeles Natural History Museum, pers. comm. to Michael Fawcett, MSC).
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2.5.2-4 Bar-open vs. Bar-closed Conditions

Figures F5 and F6 show trawl data plotted so as to distinguish total catches and number of
species caught during bar-open and bar-closed periods in Estero de San Antonio, and
include the July and September 1990 catches (reported in Technical Memorandum No.
E8). No obvious trends related to bar condition are apparent. However, the bar-closed
condition during summer and fall 1990 may have prevented an influx of juvenile plainfin
midshipman during that period, when large numbers were moving into Estero Americano
(Appendices F4, F5, F7). These midshipman fingerlings probably provide a large boost of
food to the Esteros' foodweb during their summer invasions.
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3.0 CONCLUSIONS

The two esteros show many biological similarities, but they differ physically. Each consists
of a downstream estuary-like section with eelgrass beds, and a narrow upper section with
riverine properties. The downstream section in Estero Americano is much larger, and
provides far more habitat for marine species when the bar is open. In contrast, the
downstream section in Estero de San Antonio is very small, and most of the estero
(including all of the part sampled regularly in 1989-1990) is narrow and riverine.

Both esteros were allowed to open and close “naturally” in the 1970’s, and data gathered
then indicate few differences in the biology of the systems between that time and the 1988-
1990 period. During the later period, Estero Americano was artificially kept open, and
biological sampling made near the mouth showed greater faunal diversity in the marine-
influenced sections. Keeping the bar open also increases the likelihood of the occurrence
of hypersaline conditions in the upper part of the tidal system. Estero de San Antonio was
not kept open during this period. The stations sampled there did not differ much
biologically between bar-open and bar-closed dates, but areas near the mouth (where tidal
exchange would occur) were not sampled.

The current management of the Gulf of the Farallones National Marine Sanctuary is not to
issue any permits to keep the bar open artificially. Therefore, the bar is likely to be closed
during some times in the future. The data at hand provide an indication of the distribution
of biota in Estero Americano when the bar is closed. Observations made in 1989-1990 in
Estero de San Antonio would suggest that the upper riverine parts of Estero Americano
will be less saline but probably not be much different biologically, since the dominant
species in the upper parts are euryhaline. When the Estero Americano bar is closed, biota
in the lower Estero will be similar to that in the upper Estero. Changes in the biota of the
lower part of Estero Americano during bar-closed conditions will probably be related both
to lowered salinity and lack of recruitment from coastal populations. Both of these factors
can be expected to reduce, at least temporarily, the diversity of the biota there.
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5.0 APPENDICES
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