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Study at Morrow Island Distribution 
System in Suisun Marsh

Cassandra Enos (DWR) cenos@water.ca.gov, Jessica 
Sutherland (DWR), Matthew L. Nobriga (CALFED)

Introduction
Suisun Marsh is the largest contiguous brackish 

marsh on the West Coast of the United States, represent-
ing approximately 12% of California’s remaining wetland 
habitat.  Although the marsh is a significant nursery area 
for many fish species (Meng et al. 1994; Meng and 
Matern 2001; Matern et al. 2002), long-term monitoring 
has shown declines in many Suisun Marsh native fishes 
(Matern et al. 2002; Matern and Moyle 1994; Meng and 
Matern 2001; Schroeter and Moyle 2004).  Some native 
species have declined to the point that they are considered 
threatened or endangered, including: Chinook salmon 
Oncorhynchus tshawytscha (winter and spring-runs) and 
delta smelt Hypomesus transpacificus. Other recreation-
ally important fish, like striped bass Morone saxatilis, 
have also declined.   Factors thought to contribute to these 
declines include alteration of the estuarine hydrology, 
introduction of alien species, pollution, and water diver-
sions (Meng and Matern 2001; Matern et al. 2002).  

Water diversions are generally assumed to kill great 
numbers of fish, including migratory fish such as salmon 
and steelhead (Moyle and Israel 2005).  Herren and 
Kawasaki (2001) counted 366 water control structures 
distributed throughout Suisun Marsh, including water 
diversions and drains (S. Chappell, pers. comm.).  These 
water control structures typically consist of one culvert 
ranging in size from 0.9 (36 in) to 1.2 m (48 in).  Although 
over half of the managed wetland acreage in the marsh is 
flooded through unscreened diversions (DFG 2007), few 

data are available regarding fish entrainment dynamics in 
Suisun Marsh.  Picard et al. (1982) studied abundance and 
size of fish entrained at the Roaring River Distribution 
System intake.  However, this structure, which consists of 
eight 1.5 m (60 in) culverts, is much larger than the typical 
Suisun Marsh diversions.  The California Department of 
Fish and Game (DFG) sampled eight diversions in Suisun 
Marsh periodically from April 1996 until May 1998.  
Although no analysis of the DFG data was conducted, the 
raw catch totals indicate that most diversions in the Marsh 
are likely not diverting large numbers of fish and are 
likely having a negligible impact on fish populations 
(Moyle and Israel 2005).  Moyle and Israel (2005) noted 
studies in the Central Valley and Sacramento-San Joaquin 
Delta have found that the principal species entrained in 
small diversions (<1.1 m3/s (39 ft3/s)) are alien or abun-
dant natives, and questioned whether screening small 
diversions would improve fish populations, particularly 
populations of listed species.  They addressed the need to 
consider alternatives to fish screens, such as adjusting the 
timing and volume of water diversions, to reduce entrain-
ment.  Detailed understanding of the factors influencing 
short-term entrainment may be used to develop diversion 
strategies that reduce entrainment at unscreened diver-
sions in Suisun Marsh.  

From September 2004 to June 2006, we studied fish 
entrainment at the Morrow Island Distribution System 
(MIDS) in Suisun Marsh (Figure 1).  The purpose of the 
study was to evaluate entrainment losses of fishes (with a 
focus on delta smelt and salmonids) at the intakes over 
several months under various operational configurations 
to provide data on the site-specific impact of the MIDS 
diversion.  Our goals were to inform decisions about fish 
screening needs, improve future entrainment/particle 
tracking modeling studies, and find operational configura-
tions that minimize fish entrainment.  We also sampled 
fishes in Goodyear Slough (GYS) near the diversion to 
compare the composition of entrained fishes to samples of 
fish potentially vulnerable to entrainment.

Study Area
The MIDS is located off of GYS in western Suisun 

Marsh, approximately 9 km (5.6 mi) northeast of the Sol-
ano-Contra Costa County lines at the Benicia-Martinez 
Bridge (Figure 1).  GYS is a 20-30 m (66-98 ft) wide, 2-3 
m (6.5-10 ft) deep channel fringed with bulrushes Scirpus 
spp., cattails Typha spp., and common reed Phragmites 
 10 IEP Newsletter



australis (Culberson et al. 2004).   The MIDS intake con-
sists of three 1.2 m culverts located on the eastern bank of 
GYS, approximately 1.6 km (1 mi) south from the mouth 
of the Slough.  MIDS is a gravity-flow system; the system 
fills and drains due to differential water levels caused by 
tidal action in GYS, Grizzly Bay, and within the system 
itself, in combination with variable gate configurations.  
No pumps or other mechanical devices are used to move 
water through the system.  The system fills from GYS 
only during periods when the water level in GYS is higher 
than in the system.  As the water level in the system 
reaches equilibrium with the level in GYS, flow through 
the culverts decreases.

Figure 1 Morrow Island distribution site map

MIDS operates primarily to drain water from adjacent 
managed wetlands to Grizzly Bay in order to increase cir-
culation and reduce salinity in Goodyear Slough.  The sys-
tem is also used to provide water to managed wetlands, as 
needed, for initial filling, circulation, and drainage cycles. 
In general, when the MIDS intake is open and operating, 
approximately 1/3 of the volume of water passing the 
intake facility on a flood tide within Goodyear Slough is 
diverted into the MIDS for use by individual land owner-
ships. During periods when landowners are not actively 
diverting water to their ponds (“turnouts to ponds closed”) 
approximately 1/6 of the Goodyear Slough flow is 

diverted into and through MIDS.  In this configuration 
MIDS can be operated as a tidally-influenced flow-
through channel system between Goodyear Slough and 
Suisun Slough/Grizzly Bay.  

The contractual requirement for the Bureau of Recla-
mation and Department of Water Resources (DWR) is to 
provide water to the ownerships so that lands may be man-
aged according to approved local management plans. To 
meet these needs, the typical MIDS annual operation 
includes the following actions:  preseason fill, circulation 
drain/fill, end-of-season drain, end-of-season leaching, 
brood pond circulation, and maintenance drain (Table 1).  
Challenges to meeting these operation requirements 
include: regulatory restrictions and closures, sediment 
accretion, local tides/meteorological conditions, and indi-
vidual landowner requests.

Methods
Samples were collected periodically from 23 Septem-

ber 2004 through 26 May 2005 and 29 September 2005 
through 2 June 2006 (Table 2).  These sampling periods 
covered two operating seasons for MIDS and the period 
when delta smelt and salmonids would most likely be 
present in western Suisun Marsh.  Samples were collected 
during both day and night based on the schedule of the 
high tides.  The sampling frequency was revised after the 
first year to better reflect seasonal fish occurrence.  Intake 
samples were collected from two culverts (approximately 
2 m (6.6 feet) apart); samples were also collected in GYS.  
The sampling methods are detailed below.

During the 2005-06 sampling season, we conducted 
five 24-hour sample sessions.  During each 24-hour ses-
sion, sampling was conducted during both high tides 
within the 24-hour period.  Samples were collected only 
during high tides, when MIDS was filling, which was 
approximately 10-12 hours of the 24-hour period.  These 
samples allowed for evaluation of diel differences in fish 
entrainment, which is often substantial (Nobriga et al. 
2004).  The 24-hour sessions began 6 April 2006 follow-
ing an increase in fish numbers observed in the intake 
samples.

MIDS Intake

MIDS M-line and C-line

N
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MIDS Intake Sampling
Fish were collected using two 1.6 mm (0.06 in) -mesh 

hooped plankton nets.  This mesh size is equivalent to that 
used by DFG in their 20-mm survey (Dege and Brown 
2004); it effectively retains fish larger than about 15 mm 
(0.6 in).  We sampled only the two outer culverts because 
the intake structure was not wide enough to accommodate 
three nets. Samples from the two culverts provided suffi-
cient data to allow for estimation of total entrainment 
through the intake structure.  The nets were attached to the 

culverts via coupling rings following a design employed 
by Matica and Nobriga (2005). When the rings were 
engaged, they sampled 100% of the flow diverted through 
the two culverts.  Net contents were collected approxi-
mately every two hours.  At the end of each two-hour sam-
pling interval, the nets were retrieved and samples were 
placed into separate, labeled containers.  Up to 20 haphaz-
ardly selected individuals of each species from each sam-
ple were measured to TL or FL if the caudal fin was 
forked.  When more than 20 individuals of a species were 

Table 1  Summary of MIDS management actions and intake gate settings

Management Action Timing Purpose Intake exterior gate setting

Pre-season fill Sept 15 - Oct 1
Fills MIDS and provides GYS water for land-

owners to fill ponds
46-91 cm (18-36 in)

Circulation drain/fill Mid-late Oct - mid-late Jan Provides GYS water for circulation in ponds
0-1.2 m (0-48 in)

End-of-season drain February Allows landowners to deeply drain ponds closed

End-of-season leaching February - May
Provides GYS water for quick flood then drain 

to remove salts in ponds 46-91 cm  followed by closed

Brood pond circulation March 1 - July 15
Provides GYS water for circulation for brood 

pond management 46 cm - 1.2 m

Maintenance drain Late spring - Sept 15
Allows landowners to drain ponds for summer 

maintenance closed

Table 2  Sampling schedule for 2004-05 and 2005-06 sampling seasons and typical MIDS operation schedule

Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
 2004-2005 Sampling Season Schedule

GYS 
sampling  1d/m 1d/2wk 1d/wk 2d/wk 1d/wk
Intake 
sampling  3d/m

3d/
2wk1  3d/wk 

UC Davis 
sampling 1d/m

2005-2006 Sampling Season Schedule
GYS 
sampling  1d/m 1d/2wk 1d/wk 2d/wk 1d/wk 
Intake 
sampling  6d/m1 1d/m 1d/2wk 1d/wk  3d/wk  
UC Davis 
sampling 1d/m

 
MIDS Operation

 
Initial 

flood-up circulation leach/drain maintenance drain
1.Sampling was conducted 2 days per week during initial flood-up for a maximum of three weeks. 

d/m - days per month 
d/wk - days per week
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present in a sample, the remaining individuals were tal-
lied, but not measured.  When possible, fish were identi-
fied to species on site.  Fish that could not be identified on 
site were preserved in 10% formalin and identified in the 
laboratory.  All samples not preserved for laboratory anal-
ysis were returned to the water.  Fish smaller than 20 mm 
(0.8 in) were collected weekly (21 April 2005 through 23 
May 2005 and 6 April 2006 through 2 June 2006) and sent 
to the laboratory for identification.  These samples are still 
being processed.  This report presents results primarily for 
fish > 20 mm.  This has no effect on results for salmonids 
which do not use Suisun Marsh when they are < 20 mm.  
It may have a small effect on delta smelt results, but any 
bias is likely extremely minor (see Discussion).

Goodyear Slough Sampling
We used a 30.5 m (100 ft) by 3.05 m (10 ft) purse 

seine with a stretched mesh size of 4.8 mm (0.2 in) to sam-
ple fishes in GYS.  Samples were collected coincidentally 
with the intake samples, but the purse seine was mainly 
effective at catching fishes >35 mm (1.4 in).  This mesh 
size is sufficient to retain emigrating salmonids, which are 
usually >35 mm when they reach the estuary.  All samples 
were collected within 100 m (328 ft) north or south of the 
intake structure.  Approximately 8-12 seine hauls were 
conducted during each sampling period.  All fish collected 
in GYS were identified, measured, and counted following 
the same procedures as the intake samples.  

All fish collected in GYS were identified, measured, 
and counted following the same procedures as the intake 
samples.

Water Quality Sampling
Water quality data, including water temperature (°C) 

and electrical conductivity (mS/cm) were taken from the 
DWR water quality monitoring station S-35, which is 
approximately 140 m (460 ft) upstream from the intake 
structure.  Water transparency (Secchi disk; cm) was col-

lected for each sample period.  During the 2005-06 sam-
pling season dissolved oxygen (mg/L) and temperature 
were also measured in MIDS during each sampling 
period.

Water level (stage) data were collected outside the 
intake in GYS and behind the intake in Morrow ditch 
every 15 minutes.  The water level data, in conjunction 
with gate operation data, were used to estimate flow 
through the intake structure.  DWR staff developed a com-
puter program to estimate flow through the north and 
south culverts during each sampling period.  We used the 
program to estimate velocities (m/s), flow rates (m3/s), 
and total sampling period volumes (m3).  

Results
The combined two-year total sample times for the 

north and south culverts were 589 and 594 hours, respec-
tively (Table 3).  The volume of water diverted per sam-
pling period ranged from about 700 m3 (24,720 ft3) to 
29,400 m3 (1,038,000 ft3) per culvert based on gate open-
ing and differences in water levels of this gravity flow sys-
tem.  We estimated the percentage of water diverted from 
GYS during each sampling period using modeled data for 
GYS and the MIDS intake.  The percentage of entrained 
GYS volume sampled averaged 11% (0.65% to 43%) in 
2005 and 16% (1.5% to 39%) in 2006 (Figures 2 and 3).  
We sampled GYS on 56 days, conducting a total of 508 
purse seine hauls during the sampling period (Table 3).

Water temperatures ranged from 7.0 °C (44.6 °F) to 
22.1 °C (71.8 °F) in 2004-05 and 8.4 °C (47.1 °F) to 24.4 
°C (75.9 °F) in 2005-06.  Mean daily electrical conductiv-
ity ranged from 1.48 mS/cm to 18.65 mS/cm in 2004-05 
and 1.16 mS/cm to 17.10 mS/cm in 2005-06 (Figure 4). 
Transparency ranged from 10-26 cm (4-10 in) in 2004-05 
and 9-37 cm (3-15 in) in 2005-06.  In 2005-06 dissolved 
oxygen ranged from 2.18 -11.03 mg/L.
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Figure 2 2004-05 sampling season results for (a) total fish 
entrained in MIDS culverts, and (b) modeled volume in GYS 
per flood tide and volume sampled in MIDS

We collected 20 fish species in 2005 and 22 species in 
2006 from water diverted through the culverts (Table 4).  
Threespine stickleback Gasterosteus aculeatus, was the 
most abundant species entrained (95% in 2005; 90% in 
2006).  Prickly sculpin Cottus asper, accounted for most 
of the remainder (4% in 2005; 8% 2006).  Both of these 
fishes are known to aggregate on or near instream struc-
tures. We collected only two fall-run sized Chinook 
salmon (south culvert, 2006) and no delta smelt from 
diverted water.  Other species of management importance, 
such as native splittail Pogonichthys macrolepidotus, 
salmonids, osmerids, and nonnative striped bass were also 
among the least entrained species (<1% of total catch).  
We only observed six striped bass > 20 mm in culvert 
samples.  Likewise, age-1 and older splittail were cap-
tured in extremely low numbers (9 individuals), though 
somewhat high numbers of young-of-year splittail were 
captured in the spring (666 individuals).  

Figure 3  2005-06 sampling season results for (a) total fish 
entrained in MIDS culverts, and (b) modeled volume in GYS 
per flood tide and volume sampled in MIDS

In GYS purse seine hauls, we collected 17 species in 
2005 and 21 species in 2006 (Table 4).  As with the culvert 
samples, threespine stickleback was the most abundant 
species (74% in 2005; 39% in 2006), while prickly sculpin 
(11% in 2005; 16% in 2006) and inland silverside Menidia 
beryllina, (4% in 2005; 24% in 2006) comprised most of 
the remainder.  We collected 4 delta smelt from GYS in 
2005 and 1 in 2006.  We collected no Chinook salmon in 
2005 and 3 fall-run size Chinook salmon in 2006.  We col-
lected 382 splittail and 86 striped bass in GYS.  Most of 
the splittail (355) and all the striped bass were age-1 or 
older.

Peak entrainment occurred at night, accounting for 
70% and 79% of total entrainment at the north and south 
intakes, respectively during the 24-hr sampling events 
(Figure 5)
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Figure 4 GYS electrical conductivity and temperature data 
for (a) 2004-05 sampling season, and (b) 2005-06 sampling 
season

Figure 5 Total catch per unit effort for MIDS 24-hour sam-
ples from the 2005-06 sampling season

Table 3 Summary of sampling effort for 2004-05 and 2005-06 sampling seasons

2004-05 Sampling Season 2005-06 Sampling Season
North Intake South Intake GYS North Intake South Intake GYS

No. of samples 142 145 221 154 155 514

Volume sampled (m3) 506,622 488,582 42,710+8542 655,323 660,303 96,992+11,865

Mean volume (m3+SD) 8,171+5351 7,880+4,965 N/A 11,497+4,867 11,584+4861 N/A

Volume range (m3/s) 696 - 29,391 696 - 29,391 N/A 1,173-29,391 1,504-29,391 N/A

Total sampling time (h) 299 296 N/A 290 298 N/A

Mean sample duration 
(min +SD) 121+36 121+36 N/A 113+26 115+27 N/A

N/A  Not Available
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 Discussion
We sampled over 2.3 million m3 (81.2 million ft3) of 

diverted water during our monitoring of the intake struc-
ture.  Despite this, entrainment of special-status fishes 
was exceptionally low (2 Chinook salmon and no delta 
smelt).  Rather, two species that associate with instream 
structures, threespine stickleback and prickly sculpin, 
comprised most of the entrained fish. 

As expected, the majority of entrainment for the 24-
hour samples occurred at night with 70% and 79% of total 
entrainment at the north and south culverts, respectively.  
This is consistent with other studies on diel patterns of fish 
entrainment.  In a study of entrainment at a delta agricul-
tural diversion, Nobriga et al. (2004) found significantly 
higher entrainment during night and crepuscular periods 
for four species of open-water fishes (delta smelt, striped 
bass, threadfin shad Dorosma petenense, and inland sil-
verside).  Gaines and Martin (2001) observed relative 
abundance of Chinook salmon passing the Red Bluff 
Diversion dam to be greater for nocturnal periods (71-
74%) than diurnal periods (26-29%).

A substantial portion of observed entrainment 
occurred during periods when the system was in ‘drain 
only’ mode (Figures 2 and 3).  In drain-only mode, water 
is not diverted for waterfowl management.  However, for 
this study the gates were opened and water was diverted 
for sampling purposes.  In 2005, the highest fish catches 
were during a ‘drain only’ period.  In 2006, the diversions 
were set on ‘drain only’ mode twice during the sampling 
season to prevent levee overtopping due to extremely high 
flows. Substantial fish catches occurred during these peri-
ods.  Under normal operations, MIDS is often closed or 
diverting very little during spring when young fish num-
bers increase in the slough.  Therefore, it appears that the 
existing MIDS operations actually provide some protec-
tion against entrainment of spring-spawning and spring-
migrating fish, particularly open-water fish like delta 
smelt that do not aggregate around in-stream structures 
such as diversions.  

The purse seine sampling suggested that most com-
monly entrained fishes also were common in GYS: 
threespine stickleback (74% in 2005; 39% in 2006) and 
prickly sculpin (11% in 2005; 16% in 2006).  This is con-
sistent with more than 20 years of otter trawling con-
ducted in the Slough (Matern et al 2002).  Delta smelt and 
Chinook salmon were rarely collected in GYS; steelhead 
were not collected, suggesting these species do not use 

this region of Suisun Marsh extensively.  This is also con-
sistent with long-term monitoring in Suisun Marsh; only 
13 delta smelt were reported from GYS during 1984-
2002, and only two Chinook salmon have been collected 
since 1979 (Matern et al 2002; Schroeter and Moyle 
2004).  

The generally low delta smelt numbers in GYS found 
historically (Matern et al. 2002), and during our study, are 
likely due primarily to high salinity.  The population cen-
ter for juvenile delta smelt in the San Francisco Estuary 
occurs at a surface specific conductance of about 2,000 
μS/cm (2 mS/cm) (Figure 6).  Average specific conduc-
tance for larval delta smelt is even lower, 0.5 mS/cm 
(Nobriga 2002).  Figure 7 shows the monthly Progressive 
Daily Mean1 (PDM) specific conductance for water qual-
ity monitoring station S-35 for water years 1985-2004 and 
two delta smelt surface conductivity reference points.  
The specific conductance values recorded in GYS over 
the past 20 years have always been higher than the aver-
age inhabited by larval delta smelt.  In addition, more than 
90% of the time the PDM was too high for the juvenile 
delta smelt population center to be near MIDS.  

Delta smelt also mainly inhabit embayments and 
large channels rather than smaller marsh channels like 
GYS.  Two possible exceptions to this generality are 
spawning adults and hatch-up larvae which may utilize 
marsh channels to greater extent than other life stages 
(Moyle 2002).  However, delta smelt spawner 
distributions only encompass western Suisun Marsh in 
wet years (Hobbs et al. 2005).  Delta smelt larvae 
likewise mainly occur in tidal fresh water (Nobriga 2002; 
Dege and Brown 2004), but the consensus among Inter-
agency Ecological Program delta smelt biologists is that 
the larvae quickly become pelagic and occur mainly in 
large open-water habitats, where they spend most of the 
rest of their lives.  To date, the only location delta 
smelt have ever been reported to be entrained in high 
numbers in Suisun Marsh is the Roaring River diversion 
(Pickard et al. 1982).  However, as noted above, this is the 
largest diversion in Suisun Marsh.  Further, it diverts 
water from Montezuma Slough, which is the largest chan-
nel in Suisun Marsh and connected on both sides to the 

1.  Progressive daily mean is the average of the specific conductance 
measurements made at the peak of all high tides from the begin-
ning of the month to the day of interest.  PDM is reset at the begin-
ning of each month.  At the end of the month, PDM, monthly 
average of all the mean daily high tide values, and monthly average 
high tide specific conductance are all equal.
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large open-water shoals of Suisun Bay and the lower Sac-
ramento River that are frequented by delta smelt (Moyle 
et al. 1992; Bennett et al. 2002).

The Suisun Marsh serves as a migratory corridor for 
immigrating adult Chinook salmon and emigrating juve-
nile salmon (Moyle 2002).  The low numbers of Chinook 
salmon found in GYS are likely a result of its geographic 
location in the Marsh.  All runs of Chinook salmon spawn 
in the Sacramento and/or San Joaquin Rivers.  Culberson 
et al. (2004) used a coupled hydrodynamic-particle track-
ing model to assess the entrainment risk at MIDS for par-
ticles released at various locations in the estuary.  Model 
runs found the entrainment risk for neutrally buoyant par-
ticles released in the Sacramento River near Rio Vista was 
less than 0.1%.  This suggests that a juvenile salmon emi-
grating from the Sacramento River has a very low proba-
bility of being entrained at MIDS unless it swam into 
GYS; however, the low number of salmon caught during 
our study and during the long-term monitoring conducted 
by UCD suggests juvenile Chinook do not often make 
their way into GYS.

GYS is a marginal, rarely used habitat for special-sta-
tus fishes.  Fish screens are expensive to install and main-
tain, and evidence suggests that diversions in backwater 
areas such as Suisun Marsh have low or no impact on fish 
populations (Moyle and Israel 2005).  Thus, based on the 
data collected at the intake and in GYS, screening MIDS 
would likely have negligible benefits to sensitive fish 
populations.  

Figure 6 Percent delta smelt catch vs. surface conductivity 
in the San Francisco estuary.  Note the x-axis is in ?S/cm.  
We have used mS/cm in the text; x-axis values must be 
divided by 1,000 to equal mS/cm

Figure 7 GYS historical salinity and delta smelt preferences
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