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This profile of the Sacramento-San Joaquin Delta 
is one in a series of mmmunity profiles synthesizing 
information pertinent to specific habitats of particular 
interest to environmental managers. The intent of 
the series is to provide scientific information in a 
format that is useful to a broad spectrum of users 
including environmental managers, college educators, 
water-project developers, and interested laypersons. 
This specific profile focuses on the delta of the 
Sacramento and San Joaquin Rivers, upstream of the 
San Francisco Bay complex. The boundaries of the 
delta have been legally defined, but this profile 
crosses those boundaries and discusses the important 
adjacent areas of the entire estuarine system. 

A wide range of State and Federal agencies 
monitor the status of various aspects of the physical 
and biological components of the delta. The two 
most powerful forces affecting the biology of the 
delta are weather and humans. Much of the profile 
describes the various ways that these two forces, 
separately and synergistically, continue to alter the 
dclta. 

This profile should be viewed as a snapshot of the 
delta in the mid-1980's. Invasions of new organisms 

have further changed the ecosystem since this profile 
was written. Two new species of wpepsd 
(Pseudodiaptomus spp.) have become abundant. A 
euryhaline clam from China (Potamorbula 
arnurensis) has recently become extraordinarily 
abundant in Suisun Bay and may soon invade the 
delta. Its high filtration rates are apparently 
responsible for preventing phytoplankton blooms in 
Suisun Bay during 1987 and 1988. Native organisms 
continue to decline. The winter run chinook salmon 
was listed (1989) as endangered by the State of 
California and the delta smelt was listed as a 
candidate for endangered species status. On a more 
positive note, the expected invasion of white bass 
into the delta was apparently halted by a massive 
eradication effort. Political pressure continues to 
build around the rates and methods of diverting delta 
waters. Results of these pressures are apt to 
produce even larger shifts in the delta ecosystem. 
On a larger scale, if global warming raises sea levels 
we may find that the current system of dredged 
channels and islands was simply one step on the way 
to transforming central California from a freshwater 
marsh in the 1880S to a saltwater marsh in the 
2000's. 

iii 
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INTRODUCTION 

The Sacramento-§an Joaquin Delta is one of the 
60 largest river deltas in the world and is the largest 
river delta on the west coast of North America. The 
waters of the delta principally arise from precipita- 
tion (both rainfall and snowmelt) in the Sierra 
Nevada Mountains. The Coast Range prevents 
direct movement of this water to the ocean, thereby 
producing two main rivers. The Sacramento River 
drains the northern half of this Central Valley of 
California while the San Joaquin River drains the 
southern half. Two smaller rivers enter the delta 
from the east: the Consumnes and Mokelumne 
Rivers. These four rivers merge in the delta and 
flow to the sea through a narrow pass in the Coast 
Range. 

73e importance of the delta to the people of 
California can b e  gauged from the following 
statistics (California Department of Water Resources 
1987): $375 million average annual gross value of 
agriculture, vaIuation of land and improvements sf 
$1.9 billion in 1980, 12 million estimated annual 
recreational user-days, and 82,000 registered pleasure 
boats. Recreation in the delta takes a variety of 
forms: fishing, windsurfing, waterskiing, and h a t i n g  
are all pursued throughout the year. 

As the hub of California's water system, the delta 
is of immense municipal, agricultural, and industrial 
importance. Of the totai state runoff, 47% passes 
through the delta and supplies water to Contra Costa 
County, the city of Vallejo, and the State and 
Federal pumping plants that in turn supply water to 
the extremely productive San Joaquin Valley and 
urban b s  Angeles. 

LegalIy, the delta is defined by sec. 12228 of the 
California State Water W e  (area outlined in Figure 
1). This area roughly corresponds to a triangle 
formed by the cities of Sacramento a t  the lower end 

of the Sacramento River, Stockton at the Sower end 
of the San Joaquin River, and Gollinsville at  the 
easternmost edge of the San  Francisco Bay complex 
An important point at t h e  border of the delta is 
near Tracy, where the Federal and Stare pumping 
plants draw off much of  t h e  inflowing freshwater of 
the San Joaqui11 River. 

Biologically, the delta cannot b e  so sharply 
delineated. The amount o f  freshwater that flows 
through the delta controls the delta's productivity 
and regulates the life  cycles of many of its organisms. 
In addition, the amount of water Bowing through the 
delta has similar effecis on downstream areas, 
including San Francisco Bay (Cloern et al. 1983; 
Claern and Nichols 19%). Most of the organisms 
found in the delta arc found in other parts of' the 
estuary and rivers. Other  parts of the estuary sptem 
have been thoroughly reviewed recently (Josselynr 
1983; Cloern and Nichols 19851, so we will discus 
the lower parts of the  estuary only wlaelrl they relate 
to the delta. 

, The delta has been divided variously into three to 
five sections. The northern delta is nmgnized as 
that portion dominated by waters of the Sacramento 
River. The western delta is generally described as 
the area near the conf9uenw of the Sacramento and 
San Joaquin Rivers and is subject to the greatest 
tidal effccts, although salt intmion is now rare. 
&though the remaining portion is sometima 
described wllectively a the eastern delta, it is more 
appropriately divided into 1)  a southern delta 
dominated by San Joaquin River wafess, 2) an 
eastern delta that rewives waters of the a m u m n e s  
and MokeXumne Rivers, and 3) a p r l y  defined 
central delta that inclucfa the  many channek where 
waters from all rlvcrs mix A cnw-delta channel is 
opened in most years from March to Novemtrer to 
draw Sacraments River water through part of the 



Figure 1. wag b u r a d q  of the S~acralments-San Joaqulia Delta. Fmm alimrnia Deprtment af Wabs 
Resoarm (1982,2), 



Mokelumne River channels and into the San 
Joaquin River, where it can be pum* south by 
the State and Federal pumping plants. Opening the 
cross channel reduces diffcrenca among the three 
parts of the eastern delta. Bn addition, low river 
outflows and high export pumping rates prrduce a 
reverse flow of water in the western delta up the 
lower reaches of the  §an Joaquin River, 

This report describes an ecosystem significantly 
different from other delta ecosystems in North 
America. The  unique nature of the delta comes from 
its being far inland from the ocean and being 
separated from m a n i c  influences by an intervening 
series of large bays. In addition, most of the 
waterflows into the delta are managed to minimize 
oceanic factors. Although natural conditions of low 
summer Rows produced an annual salinity intrusion 
into the delta, water quality is controlled by upstream 
releases so that most of the delta is now a 
freshwater system except under extreme drought 
conditions. Annual increases in conductivity still 
occur in the western and southern delta and 
occasionally cause problems for delta agriculture, 
but the increases are never of the magnitudc 
recorded earlier in this century. The delta is 
primarily agricultural land with small instances of a 
variety of other habitats intermixed rather than a 
uniform and contiguous community. These charac- 

teristics combine to make this system unique in 
many wap. 

The vast estuary of the Sacramento and San 
Joaquin Rivers is one of t h e ,  most highly modified 
and intensively managed estuaries in the world 
(anornos 1979; Clwrn and Nichols 1985). Many of 
the  most significant alterations, such as leveeing, 
diking, and agricultural practices, are not now 
recognized as such by most citizens, making conser- 
vation and protection of the delta difficult. Many of 
the alterations for water control have presumably had 
major effects o n  ecological structure and function 
within the delta, but in most cases there is little data 
available Erom pre-alteration periods. 

Biological processes in the delta are also obscured 
by the temporal dynamics of the system. Weather 
and human activities vary widely from year to  year 
and prevent accurate predictions of future conditions. 
Similar temporal dynamics in San Francisco Bay have 
been recently reviewed (Cloern and Nichols 1985) 
and have major effects on most components of the 
community. Variations in the Sacramento-San 
Joaquin Delta (such as salinity) are less in some 
aspects, but many of the same process= are at  work 
in both systems or  are interconnected, so that each 
part of the estuary controls processes in the other. 



CHAmER I. GEOGWPHIC BACKGROUND 

1.1 GEOLOGY ANHI SOILC islands throughout the marsh. nese regula~ly 
fldd areas suppr ted  dense grcrwtkq of emcrgent 

The current Sacramento-San Joaquin h l t a  is the plants such as tule (Scirpus), cattail ('iryl>/w), and 
most recent in a serics of deltas formed- by rushes (Pkrapdes).  
Quaternary geoiogic activity (Shelemon and Begg 
1955). In the C r e t a m u s  the delta was formed 
principally by the channcis of the Mokelumnc River. 
The uplifi of the Sierra and Coast Range5 prcxluced 
two new rivers which flowed parallel to the coatline, 
with the delta forming at a constricted spill point 
into the upper end of a serics of bays hefore 
reaching the < w a n  (Atwater 2980). Unlike other 
deltas, then, the Sacramento-San Joaquin narrows 
hcfr~re reaching the sea, and its growth has k e n  in 
an upstream direction. ?'he notch in bedrock which 
pcrmits the exit of deita waters into the San 
Francisco Bay complex has k e n  as much as 40 rn 
abt~vc thc ground level of the delta (Shelemon and 
Bcgg 1975). ?he  odd nature of flows through the 
delta hris prevcnlcd the formation of the zones that 
usually typify dclta hztbitats, an anomaly r~sptrnsible 
k)r scveral unique biologic patterns. 

One important cc~nscqucncc of the delta's narrow 
~ilcruth has ken ahat the dep)sition of sediments has 
takcn pt;tcc mt~stiy within thc delta instead of 
firrnling spits or rnuciflats in San Francism Bay. A 
sinliIai corrstrictictn at the Goldcn Gatr,  whcre the 
series of h a y  necks the ( w a n ,  has caused almost all 
scdimentr; that Icave: thc dclta lo be depxited in the 
i Thus, despite its youth w>mparect to other 
dchas, the Sacramcnttr-San Joitquin soils arc very 
deep dcliaic scdimcnts. The aiivance and rctrcat of 
glikcic~s hris inicrlcavcd giaciaf sands and gravels with 
accumulating Iaycrs d sediments (Slrelemcm and 
Begg 1975). Since t h e  last glacial episode, isiands 
have hwn formed through the deprsition of natural 
lcvclrs along the banks of the  various braided 
chanrncls in the delta, Annu31 Iltmsting over the top 
of t h ~ %  icvws filled the central areas with 
sediments, producing approGnateIy 2% attrU-like 

The aaumulation of sediments and dense growths 
of emergent plants produced organic soiis: peaty- 
mucks with frequently high densities of fibrous 
materials. Thcse mils are waterlogged in their 
natural state and, if permitted to dry, tend to shrink 
and becr)me easily compressible. They are 
structurally weak and easily degraded by erosion from 
wind or water or by oxidation. When dry they will 
burn, and once ignited, they are difiiicult to 
extinguish. In islands, and in some parts of channels 
where peaty soils have concentrated, this type of 
soil can be up to 30 m dccp. Generally, dcpths of 
organic soils range from 3 to 12 m (Figure 21, with 
the  pcrwntage of organic materials declining with 
dcpth. Structurally weak soils at the periphery of 
the deIta are generally silty clays or clayey silts. Soils 
at the bc3undaries of the delta are typically alluvial 
dcps i t s  from either the late or early Quaternary 
(Shelemon and Beg 1975). 

An additional mnsequence of organic soils is the 
presence of at least 35 natural gas deposits bcneath 
the surface of the dclta. Major gas fief& are near 
Rlo Vista and Isleton in the north d e b  and under 
Macdonatd and Robert tracts in the south-central 
delta (Safanov 1962; Shelemon and Beg 1975). 
Su\,sidena of the western delta may have scrvd to 
trap these gas deposits. 

The modern delta bcars iittle resemblance to the 
delta of 158 years ago; it is prdominantly of human 
mnseruction. Its rich sr~ils p rompt4  agricultural 
development beginning in 1858. The first earthen 
levees were mnseructed in 1852 on Rlerritt Island 



Figure 2. Depth of organic soils within the Sacraments-Sn Josquin Wlta From mlifornh k p r t m e a t  
of Water Resources (1982). 



(Thompson 1957) and the 60 largest islands had all 
been diked and drained by the turn of the century. 
Dikes were constructed of soils from the interior of 
the islands and from spoilage of dredging operations 
in the channels. Today, approfimately 22000 km of 
levees line the major islands of the delta. Some are 
still the original levees of 100 years ago. The 
friability of the soil led to widespread use of rock 
revetments or of massive mounds of marsh soik 9 m 
high and 70 m wide at the base to reinforce soil 
levees. 

Levees are typically devoid of trees and bushes, as 
vegetation is generally considered detrimental to the 
operation of the levees because it prevents easy 
visual inspection and because tree roots extending 
into the channel produce eddies that speed erosion 
of unreinforced soih (Nolan 1984). The possible 
incorporation of vegetation into the functioning of 
Ievees has been investigated (Daar et  al. 1984; 
Whitlow et  at. 1984), but has not been pursued by 
the regulatory agencies. Lcvees built by the U.S. 
Army Clorps of Engineers (USACE) are usually of 
the type illustrated in Figures 3 and 4. Levees are 

( c )  T r e e s .  S h r u b s  a n d  

M a i n t e n a n c e  Road 

R i p r a p  -, 

i n 8 p e c t i o n  Trenchi 7 \ ( d l  B a s i c  S t r u c t u r e  

Figure 3. Nomal structure of levees construcaedl by 
the U.S. Arnny Golps of Engineers. 

divided into three classes: project levees are 
constructed and maintained according to the 
specifications of the USACE account, direct- 
agreement levees are maintained to Federal 
standards, and non-project levees are built and 
maintained to no set of standards (Figure 5). Non- 
project levees account for 75% of levees in the delta 
(Geidel and Moore 1981). The reliability of these 

Figure 4. Profed levee an north fork af Mokelumne River. Note aljsence of ripsrian or ellfe-mt 
vegetation. 



Figure 5. Privately awned rand rnaintnined levees on Sevenmile Slough. Note steepness of edge, erosioq 
and narrow riparian band extending into water. 

non-project levees is generally much lowcr than pro- 
ject and direct-agreancnt icvces, and they often fail. 

Levee fai iures have k e n  common (Figure 6). 
Three levee failures priKluud lacustrine hahitats in 
the delta a t  Frank 's  Tract, at Sherman Lake, and at 
Big Break (F igu re  1). Erosion of the  breached 
levees has gradually returned thcsc to nmre rivcrine 
habitats, but w a t e r  currents are slowcr and more 
shallow than  the  surrounding channels. As 
subsidence c o n t i n u a ,  ICVCC failures may hew)mc 
more common. R d e d  kiands may more fr-reyucntly 
remain u n r s l a i r n e d  because the ~ ~ t s  of rwiarnaticpn 
are now o f t en  grea ter  than the value ol the land. 
A v a P i e ~  of pIam have k e n  put forth tn r4ut ; l :  the 
incidenw of levee failure, but the current pian 
general]y invoivCS a continuation of ievec 
maintenance and impmvcmcnb. Chidclines for the 
plact=ment ~tZ&etatI~!l Qfi ~ v c C S  may ,permit 

of riparian vegetation to rcduce wind 

generated w a v e  action. 

Subsidence within thc diked islands has drop@ 
the interiors of the larger islands by as much as 7 rn 
below mean sea Ievel, making the islands look like 
holes in an  inland sea (Figure 7). T%e depth within 
the islands are greatest in the western and central 
delta (Figure 8). 

Agriculturai practices have lcd to large-scale 
subsidence of thcsc islands. The causes are 
nurncrous (Weir 1950; B r o a d h n t  I=, Burke 1980; 
Newmarch 1980): 

1 )  Drying causes the  organic mils to  shrink. Such 
shrinkagw are not entirely reversibie and are 
only a minor amtributor t o  subsidence (Burke 
19%). 

2) Drying of soils leads to oxidation, which is the 
greatest u3ntriSutor to subsidence. Oxidation 
of soills occurs naturalfy at a high rate and is 
e n h a n d  by plowing and burning (Weir 1950). 



F i g w  6. Years between 1930 and 1980 in which delu islands hare bees W e d  Fmm California 
Depmmend: of Water R w u  



Figure 7. View across I)isuppointmsnt Slough toward Empire Tract. Note tops of m f s  at water level. 

Prior to 1M5, peat soils wcrc rcgulariy burned 
at the end of each growing season t o  kill weed 
sceds and pests. Burning was particularly 
ccrnlmon in potato cultivation because of thc 
rcspclnsc of that plant t o  potash. Uncontrollcd 
burnings of peat soils can occur and arc 
dilficult to control; they have become much 
less ccmmon in recent ycnrs because previous 
oxidation eliminated rnuch of the organic 
nlaterial from delta soils. 

3 )  IViiid-bo~ne erosion, 01 de l l a t io~~ ,  is a 
particular problem because of the  extreme 
friability of peat soils whcn ctry. Plowing can 
greatly incrcase the dcfldtion rdte. Windbreaks 
of planted trees are rnuch lcss common than 
formerly. 

4) Compaclion of striis by the passage of heavy 
agricultural equipment was probably a greater 
cause of subsidence when thehe soils were first 
dried and graded f o r  cultivation Its contri- 
bution to currznt rates of subsidence 1s 
probably small. 

5 )  Withdrawal of natural gas and ground water 
probably contributes to subsidence, as might 
the naiurai prcxcsses of geoIogical subsidence. 

6) Export of soil for sale contributes to localized 
subsidence. 

Rates of' subsidence for 18 delta islands in the 
period from IN1 to  1952 indicated average rates of 
approximately 77 mrn per year (California 
Dcpartmcnt of Water Rcsc)urces 1982). It is unclear 
whether the ratcs of subsidence have slowed. 
Mewmarch (1980) found that subsidence is still 
cc~ntinuing at  a rate of 71 t o  77 mm per  year but 
rates in thc  area where Ncwnrarch worked may have 
previoa~sly k e n  subsiding at rates of 89 rnrn pcr year 
(Burke 1980 citing unpublished data of Weir). 

1 3  LAND US& IIIHABrB'AT WPES, 
.4ND ClZARAgll'ER%S$Ie SPECIES 

TAc delta is predominantly an agriclalturai region. 
Dccpitc intensive cultivation, it stiIf contains a wide 



Figurn 8. Depth (in f e t )  of sabsidernm -6:n delltir islands. Fmm hlifornsira DepurZment of Water Resources 
(1982). 



variety of habitats (Table 1) and a mnsequently large 
variety of plant species (Appendix A). Out of the 
delta's 679,422 acres, cultivated land has increased 
from 335,000 acres in 1931 to 520,518 in 1977; 
consequently many of the natural habitat types are 
represented by very small areas. In addition to the 
79% of the delta which is agricultural land, another 
5% comprises housing and other urban development 
(U.S. Army Corps of Engineers 1979) (Table 1). 

Table I. Iiabilat types and their abundnnces within 
the Sacramento-§an Joaquin Delta (from USACE 
1979). 

Acreage Percent- 
Habitat type in delta age 

Emergent wetland 
Scrublshrub 
Forested 

Total Palustrine 
(nontidal and 
<2m deep) 

Emergent wetland 
Beachbar 
Streambed 
Aquatic bed 

Total Riverine 
(channels >2m deep) 

Limnetic 
Aquatic bed 
Emergent wetland 

(perennials) 
Emergent (annuals) 

Total Lacustrine 
(negligible flow) 

Openwater 

Upland 

Agriculture 

Urban 

The dominant row crops include asparagus, sugar 
beets, safflower, and corn; pear orchards and 
vineyards are also cultivated. These fields support 
populations of waterfowl (Anseriformes spp.), 
ringnecked pheasants (Phasianus colchicus), 
mourning doves (Zenaida macroura), yellow-billed 
magpies (Pica nutalli), ground squirrels 
(Otospennophilus beechey), pocket gophers 
(Thomomys M a e ) ,  moles (Scapnus latimanus), and 
garter snakes ( m m n o p h k  spp.). Urban areas 
support the usual human syrnbionts: house mice (Mus 
musculus), Norway rats ( R a m  navegicus), roof rats 
(Ratncs r a m ) ,  starlings (Shunus vrclgarir), house 
sparrows (Passer domesticus), and northern 
mockingbirds (Mimw plyglottos). 

Riparian areas in the delta vary from grassy 
margins of levees to densely wooded strips 30-40 m 
wide. The largest concentrations of riparian habitats 
occur mostly in the northern and eastern delta, the 
Mokelumne River and the Snodgrass, Sevenmile, 
Trapper, and Whisky Sloughs. These areas, 
particularly Snodgrass Slough, are only a small part 
(7,100 acres) of the delta but are important to many 
wildlife species for the food, shelter, and breeding 
sites they provide. Common plants include Fremont 
cottonwood (Populus fbemontia), willow (Salk spp.), 
California blackberry (Rubus vitifolius), and wild rose 
(Rosa califmica). Also in this habitat are five 
species which are considered by the Fish and Wildlife 
Service to be candidates for listing under the 
Endangered S p i e s  Act (Federal Register 50:39526- 
39584, 1985): California hibiscus (Hibiscus 
califomicus), slough thistle (Cirshz cmsskauk), delta 
coyote thistle (Elyngium racemum),  lilaeopsis 
(Lilaeopsis masonii) and delta tule pea ( L a t h w  
jepsonii spp. jepsonii). 

Animals dependent on the riparian areas include 
belted kingfishers (Ceryle aIcym), r&-shoulder4 
hawks (Bubeo lhatus),  Rufous-sided towees ( e g o  
e m o p t t h a h w ) ,  and Pingtails (Bassariscm tasnrfus). 
Some shorebircfs, including great blue herons ( A d a  
brercxiiass) and egrets (Egetta tW and Casmer& 
albus), use riparian trees for nest sites. Giant garter 
snakes (176a is c m h i  gigas), listed as rare by 
the California &pa&ment d Fish and Game, are 
EghIj aquatic but breed in riparian areas. Ripadan 
a r m  ilm the delta suppd more species of birds and 
mammals t a w  any other habiet type (Rollins 1977). 



Freshwater marshes are the most decimated of 
delta habitats. In ¶ S O  most of the delta consisted 
of freshwater marsh; by 1975 only 11,047 of the 
delta's 679,422 acres remained marsh. Today the 
freshwater marsh in the delta is largely wmposed of 
small, u n l e v d  islands (Figure 9) along the margins 
of private levees. Many species of wildlife depend, 
wholly or in part, on these remaining bits of marsh. 
In the western delta these include salt marsh harvest 
mice (Reithralontornys ravillenfris), listed as 
endangered by the California Department of Fish 
and Game, and California black rails (Laterallur 
jamaicenrir cotumiculus), listed as rare by the State. 

Dominant vascular plants of the marshes include 
tulcs (Scirpus spp.) in the western regions where 
salinities intrude, and reeds (Phragmites communis) 
and cattails (Typha laiifolia) in the more freshwater 
areas. Common large animals of the marshes include 
northern harriers (Circus cyaneus), herons, egrets, 
mallards, marsh wrens (Cistothorus palustris), muskrat 
(Orzdatra zibethicus), otter (Lutra canadensis), and 
beaver (Castor canadensis). 

Aquatic habitats make up 53,778 acres of the 
delta; these habitats include river channels, flooded 

islanbY and the x,ya~.iolkk sloughs and channels criss- 
crossing the deltn Frahwater m a s h a  that annually 
die back to k f o w  water level also occur. The 
J n t r d u d  floating plant, water hyacinth (Eichhomia 
crasskes), frquentiy covers the surfaw of quieter, 
nonsaline waters. P o n d w d  (Po t~mqe ton  spp.) and 
water weed (EjCdea canrademis) makeup most of the 
other aquatic vascular flora. Fishes arc the dominant 
vertebrates; the iwtroalutsed striped bass (Morone 
saratilis), white catfish (bctalum catrrs), thread.Cn 
shad (Dor~~soma petepaense), and carp (Cyprinis 
carpio) are particuIarly abundant. Mallards, grebes 
(Podiciflidae), gulls ( L a w  spp.), pintails (Anas 
acuta), and American mots (Fulica ame~cnna )  are 
common birds. 

Upland habitats, mostly fallow fields and grazing 
areas (Figure lo), are imp~reant to many ground- 
na t ing  birds spceies, including waterfowl. Vascular 
plants in this habitat are frequently s p i e s  that are 
ruderal, introduced, or both such as mustard 
(Brassica genhrla and B. campestris) wild radish 
(Raphanw sariva), foxtail (Hordeurn murinum), 
chcereweed (Malvra parviflara), and eucalyptus 
(Euca4?ytus spp). Redtail hawks (Buteo jarnaicensis), 

Figure 9. Unlleveed island of marsh habitat in Disap~~intment Slongh. Note 8bsetmce of any similar 
habitat along levees. 



Figure XO. Upland habitat convertcut to sgricultum and pasturage one mile west of Rio Vista. 

Arncrican kest rels (Falco sprrwerilcs), Western 
mc;tdowlarks (Sfurnella nc~gl~cm), fence lizards 
(Si.~lopcms occici~ntalis), ;~nti pocket gophers arc 
,ibundant vertebrate species. I,?ngc's metalmark 
butterfly (Apcxiemis nzormn Inngei) and the San 
Joityuin kit fox (Vu@ea~ nzicroris rnutica), both listed 
ns cndangcrcd by the U.S. Fish and Wildlife Service, 
occur in these habitats. Pasture habitats support 
211 tnost as diverse an assemblage of vertebrates as 
frcshwatcr marsh habitals (Rollins 1977). 

Within the upland hahirat are scattcred vernal 
pools, which have k e n  the objects of intensive 
conservation measures in rccent yeilrs. These "hog 
wallctws" fill  with water each spring and dry 
completely in most summers. Vernal pcx~ls support 
a wide array of specics. Solano grass (litctoria 
mrtcrotzaiu), which occurs only around ahesc vernal 
g)oola, is listed as an endangered spccies by the U.S. 
Fish and Wildlife Service. T h e  Service considers 
another plant of the vernal pcwls, Colusa g r a s  
(.lreostnj~fiiil colusi[~rra) tct be a candidate for listing. 

The Mditerrancan climate of California is 
particularly marked in the  delta region bccause the 
Coast Range prevents almost all sumrncr storms from 
reaching the inland arcas. In the  winter, storms are 
often kept within the valley, I w k d  tpetwcen the 

Cx~ast Range and the  Sierra Nevada.  Thus, 
summers are uniformly hot and dry, while winters are 
usually u ~ l d  and wet. Mean monthly temperatures 
and precipitation for Stockton and San Francisco for 
the years from 1% to 1974 a re  presented in Figures 
11 and 12. These two cities represent the 
geographic extremes of the estuaty. T h e  climates in 
the two cities arc similar, but the delta region 
(Sttxkton) experiences more extreme values of 
temperature due  to greater continental effects. On 
the other hand, the variability within months is 
greater in San Francisco (at thc mouth of the 
estuary) where m a n i c  storms can move in and out 
more freely. 

The most common variations of weather within 
this climatic pattern t m u r  in two forms. Warn, 
tropical, wintertime storms a re  responsibie for the 
heavicst rainfalls and abnormally warm winter 
months. Cold, polar storms p r o d u x  the  coldest 
times on  record and usually lead to little rainfall. 
?be water year of 1985-86 mntained examples d 
both phenomena. In December 1985 the  delta 
rcccived very little precipitatior~ and was wrapped in 
cold fogbanks for 22 days. Two months later the 
dcita received a tropical storm bringing new records 
for rainfail as w ~ f l  as anomabuis high tempetaturtts. 

?Xe years 3f$76-85 in the delta, were remarkably 
variable h a u s e  of the occurrence in same yeass of 
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Figure 11. Mean monthly precipitation rates in 
centimeters for Stockton and Sun Fmncisco. 
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polar, tropicai, o r  b t h  types of winter storms. 'This 
led to the driest years on record (1976.7'9) and the 
wettat  year on record (1983). Earlier weather 
patterns were more consistent, but a similar period 
of extreme conditions charactehid the 186-0's. At 
that time the ecological consequences were probably 
more p r o n o u n 4  h a u s e  wntrof structures on the 
rivers were absent. 

Annual incursions of saline water into the delta 
still occur each summer as they did historically (at 
much higher levels). Water diversions and 
management practices have substantially changed the 
dynamics of these incursions. Diversion of up to 
80% of normal outflow can cause longer residences 
of' saltwater in the delta due to the paucity of 
freshwater available to dilute it or push it 
downstream. On the other hand, upstream control 
structures (principally Shasta Dam) retain water 
during the rainy season and release it during the dry 
season. These practices have greatly reduced the 
extent and degree of maximum salinity intrusion into 
the delta (Figure 13). Thus, the decreased range of 
salinities experienced in the delta is one of the most 
pronounced changes. Electrical conductivities of 
delta waters still increase slightly through the 
summer, but this is largely due to  increased 
proportions of agricultural waste waters rather than 
tidal intrusions. 

The northern delta is dominated by large 
quantities of low conductivity, relatively unpolluted 
water from the Sacramento River. Total dissolved 
solids in the San Joaquin River generally are at 
much higher concentrations than the Sacramento 
(Figure 14); however, the San Joaquin carries much 
less water into the delta. When the San Joaquin is 
in flood, the conductivity of its water drops 
dramatically. The east side streams are exemplified 
by the Mokelumne River, which runs over a short 
distance down the Sierra slopes carrying small 
quantities of watei. of exeptionally low conductivity. 

act Nov Dcc J.on Feb Mar Apr May Jun Jul Aug Sep 

1.5 'WATERFLOWS 

The Sacramento Rkcr  pr01Cidcs nost of tkc delta's 
water. Water quantities have varied from 5 to 35 

Figure 12. M a n  monthly ternpmtu~s  in degret?s million acre-ft with a wide variability throughout the 
Celsilrs for StocMsn and San Framneisco, last 29 yean (Figure 15). This seven-fold variability 



Figure 13. Histar6aa1 extents 04. dfnity lntnrsion wilbh lire =mea*San J~agufar S h C  X%m 
was first @perstion& In 1943. Brans Galgamb $)lepar(ment of" Fhb d Germ (1972). 
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-1 appears binradal. me San Joaquin River seldom 

I 1 contgibuta more than 20% of delta waters. The 
, variability in San Joaquin outflow is even more 

erratic than that s f  the Sacramento, with the same 
~ ~ i k r c i v  of years falling near the mean (Figure 316). 

Seasonal distributions of river flows, on the other 
hand, are quite consistent. The water year mm 
b m  October to September (Figure 17). As already 
noted, water management strategies have r e d u d  
some of the variability in this system, pafiicularly by 
maintaining the minimum Rows necessary to prevent 
saltwater intrusion throughout the summer. The 
peak in discharge of the Sacramento River rises 

Figure 14. Conductivities of waters entering the sharply with the onset of winter rains and falls to a 
delta from three principle rivers. ~ r o m  California plateau through the summer. The peak of San 
Department of Fish and Game (1976). Joaquin flows is smoother, with a continuous decline 

through the summer. 

Direction of waterflow within channels is also 
in flows makes the Sacramento very unusual among seasonally variable. During winter and spring, when 
the major rivers of North America. The distribution both main rivers are at their peaks of discharge, 
of total annual flows has little central tendency and flows are uniformly downstream into the western 

water year 

Fig~ra? 15. hlaoal  flaws in the Sacmmento Eves over 29 years. 
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Figure 16. Annual flaws ln the San Jwquin Rlver over 29 yeass. 
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Figurn 1'7, Mean monthly flows of the Sracmmento and Sa~l Jwqrain Eve= over the y a m  1975-M. 



delta (Figure 18). From late spring to early fall, the 
pumping plants at Tracy withdraw more water than 
is delivered into their area by the San Joaquin River. 
As pumping starts to alter flow patterns in the 
delta, a cross channel is opened between the 
Sacramento River and the lower Mokelumne River. 
Sacramento River water can then flow south 
through the central delta channels (Figure 19). As 
the quantity of water exported continues to increase 
relative to Sacramento River outflow, water in the 
lower Sacramento River is drawn around Chipp's 
Island and upstream through the lower channels of 
the §an Joaquin (Figure 20). These reverse flows 
have a variety of effects on the distribution of 
plankton and the migrations of fish. 

Discharge rates control the location of the area 
where inflowing sea water meets outgoing 
freshwater. This region is referred to as the 
entrapment, or null, zone. Conflicting flows produce 
a concentration of suspended sediments and high 
settling rates (Ingles and Allen 1957; Meade 1972). 
At high discharge rat= (2,000 m3/sec) the null zone 
in the Sacramento-San Joaquin Estuary is 20 km 
above the Golden Gate. At low flows (100 m3/sec) 
the zone is another 60 km upstream, within the delta 
itself. At intermediate flows the null zone typically 
occurs in broad, shallow Suisun Bay, just west of the 
delta (Peterson et a!. 1975; Arthur and Ball 1979). 

The Sacramento-$an Joaquin Delta is part of the 
most modified and intensely managed estuary in 
North America (Cloern and Nichols 1985). Many of 
the currently abundant species of angiosperms, 
i~mertebrata, fish, and mammals were introduced in 

the last 110 pars.  Many introailucfions were made 
with the urroperation of _government agencies, but in 
recent years most of the intrductions have been 
accidental or without oEcial sanction. Most 
benestrial habitat have k e n  conve1-aed to 
agriculture. Consequently, aquatic habitats have 
k e n  changed from meandering channels lined with 
dense. riparian growth into'dredged sloughs with 
banks reinforced with rock revetments. Any 
understanding of the emlogy of the delta must begin 
with a realization of the intensity and thoroughness 
with which the system has been altered. 

The California gold rush, which began in 1848, 
entailed the first and harshest modifications of the 
delta. Hydraulic mining in the Sierras delivered 
millions of cubic meters of silt into the river 
channels, raising the bottom of the river by as much 
as 9 rn in places and triggering widespread flooding. 
This flooding was the primary motivation behind the 
subsequent ban on hydraulic mining (1884). In 
addition, the fltxxling led to widespread demands 
for dredging and flood control. 

No data are available on the mlogical effects of 
hydrauiic gold mining in the delta, but two major 
impacts can be reasonably surmised. Silty substrates 
support low diversities and densities of invertebrates 
in the delta (Hazel and Kelley I%), so it is 
reasonable to assume that there was little benthic 
production or nutrient recycling during the years of 
hydraulic mining. Salmonid populations are severely 
depressed by siltation on red& (nests), so at least 
some of the decline in catch of trout and salmon can 
probably be attributed to hydraulic mining. The 
introduction and rapid spread of striped bass and 
American shad at nearly the same time may be partly 
ascribed to their more silt-tolerant type of eggs. 
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Figure 19. Pamm of watedaw through the Sacramento-San Joaquin Delta in early summer when the 
csoss4elta chaarnel is @pen&. MQdified from Geidel and Moore (1981). 
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Figurn 20. Pat- of watarlnow through the Smcrannenta-San Jwquin Ddta during mid summer 
conditions. From Geidd and Mmpe (1981). 



2.1 PATfEIRNS OF PRIMARY PRODUGL'M1["11 

Phytoplankton species are the dominant source of 
primary productivity in the delta. The steep-sided 
banks of the dredged sloughs and channels (see 
section on riparian habitats) have greatly reduced the 
former contributions of emergent vegetation and 
their attached assemblages of algae and their 
consumers (aufwuchs). Benthic algae are very 
limited in the delta because of the combination of 
turbid water and depths that usually keep the 
euphotic zone well above the bottom. As with other 
Pacific estuaries (Simenstad 1983), San Francisco Bay 
derivcs significant amounts of primary productivity 
from bntho-phytoplankton of exposed mud flats. 
However, filling has transformed many of the flats of 
the bay into commercial real estate, while dikes and 
dredges have removed such habitats from most of 
the delta. 

Substantial in situ production of phytoplankton 
occurs in the delta. As it enters the delta, water 
from the Sacramento River seldom contains phyto- 
plankton concentrations greater than 6 pg'L; halfway 
through the delta, chlorophyll a concentrations 
average 10-12 pglE, and as it enters Suisun Bay it 
may carry from 10 to  60 pg/L (Chadwick 1972; Ball 
1975). This pattern of increasing phytoplankton 
abundance at greater distance downstream occurs 
throughout the length of the Sacramento River 
(Figure 21; Grwnberg 1964). 

finverseiy, at times. when San Joaquin River 
water carries phytoplankton con~entrations of 250 
rglE Into the delta at Vernalis, phytoplankton 
populations in more dowmtream sites are only 40- 
60 r&. "fflmese results are primarily a result of the 
pumping stations at Tracy which Gthdraw almost all 
the plankton-rich waters of the San Joaquin (Ball 
19751, thereby causing the less fertile waters of the 
Sacramento to flow up the Iswer channels of the 
$an Joaquin. 

Phytoplankton productivity is generally controlled 
by six factors: residence times, nutrient 
concentrations, insolation, temperature, animal 
grazing, and toxicant concentrations. Figure 22 
provides a conceptual model of the operation of 
these factors. Which factor limits phytoplankton 
abundance varies in both time and space. 

. Residence time is the average time of 
passage for a unit of water. If plankton are 
considered as free-floating particles within a water 
mass, then they are limited in their productivity by 
the number of generations that can be produced in 
the residence time of the water. This is an overly 
simple view because particles concentrate in eddies 
and backwaters of streams, thus greatly increasing 
their period in the delta. In addition, the density of 
most 'species of plankton is greater than that of 
water, so they tend to settle for various periods 
before turbulence reinjects them into the water 
column. Settling rates are higher in the delta than 
in upstream areas because of the slower water 
velocities. In the western delta, settling rates of 
diatoms increase with increasing chloride 
concentrations. This response may be part of the 
reason for the decline in diatom abundance in the 
western deIta during the last major drought, for the 
bottom is well below the euphotic wne in almost all 
of the delta. However, landward Rowing currents 
along the bottom of Suisun Bay usually serve to 
keep the water column in the western delta 
thoroughly mixed (Arthur and Ball 1979; Ball and 
Arthur 1879). 

In the Sacramento-San Joaquin Delta the effects 
of residence times can be seen in several ways. The 
hlgher i"rom and straighter channels of the 
Sacramento River as it passes through the delta give 
rise to the lowest algal mnentrations measured. 



Fkum 21. Coneentmtion of phytoplankton at various dlstsnces up the Sacramen@ 
River over 18 months of sampling. Pmm Greenberg (1964). 

F igu~e  22. @ondiiiar~s controlling phflaplipnktcsn abundance, Pasitive and nqative 
slgnts India& the eEwt of Hncmsinrg tHe ~ i ( m  elemeat  BE^ %be hrwt elefna;nt, 



Residence time is the controliing parameter as 
indicated by the relationship k ~ w n r  timings of 
spring blooms and volume of flows. For the yeaas 
1%9-72, the spring blmm was in various months but 
always later in years of high flow than in years of 
low flow. Spring blooms in the Sacramento Wiver 
always occurred after the flow had leveled out 
(Figure 23; Ball 1875). During the drought of 
1976-77, Sacramento River chlorophyll a levels were 
several times greater than normal. These higher 
chlorophyll a levels were predominantly an effect of 
increased residence times, although temperatures 
were a h  higher (California Department of Water 
Resources 197&86a,b; see 1978 data). Flows of the 
San Joaquin River are much less than those of the 
Sacramento, and phytoplankton populations are 
correspondingly greater at almost all times. Evidence 
that residence times are important lies in 
comparisons of the channels that pass water to the 
Clifton Gourt forebay with dead-end sloughs where 
water may be held for extended periods. These 
dead-end sloughs consistently harbor higher 
phytoplankton populations than their flow-through 
counterparts. On the other hand, dead-end sloughs 
are usually the first recipients of nitrogen-rich 
agricultural waste water and they tend to hc some 
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ModaiBed fmnr Ball (1945). 

of the shallowat channeb in the delta; t h e  facton 
a h  contribute to greater pro"BuctiG*aly. 

Residenes: a h e s  of water, md 
gopulariom, are dere 
U p s t r m  river outflovirs mntrol the water velocities 
in c h a m e k  1Dowmtream diveasisa (principally at 
the Tracy puanping planab) remove water from the 
delta and accelerate flows in some chmneh. Enally, 
the morphology and placement of channels control 
flow rates because f l d d  islands or dead-end 
sloughs are much more efficient water traps than 
dredged charnels or canals. River outflow and delta 
exports are frequently inversely related ss that in 
winter and spring, when residence time is brief 
because of river inflow, delta exports are least. 
During the dry season, river outflows decline, but 
exports increase so that residence time is kept short. 

At extreme flows, residence times are the primary 
control of phytoplankton production. In 1983 
northern extensions of a seasonal warm tropical 
current, El NEo, brought long and heavy rainfall to 
California resulting in the wettest year on record. 
Flows through the delta were almost W,Oo fi3/s 
and never dropped below 20,OQO ft3/s during the 
whole water year. San Joaquin River flows were 
particularly higher than usual. These conditions 
resulted in a complete absence of plankton blooms 
in the delta, with concentrations of algae never 
higher than the usual background level of 10 rglL. 
The plankton failed to produce blooms in spite of 
suitable levels of light, temperature, water 
transparency, and macronutrient concentrations 
(California Department of Water Resources 1978- 
%a,b; see 1984 data). 

. Different nutrient wncentrations 
appear to limit phytoplankton growth in different 
parts of the delta at different times. Nitrogen is the 
nutrient most frequently implicated in the control of 
algal growth. In laboratory trials, the addition of 
nitrogen to delta waters stimulates the growth of 
phytoplankton. In addition, the decline of 
phprtoplankton production in an area usually 
coincides with a drop in the concentration of 
nitrogen. Silicate concentrations drop as diatom 
populations bIwm, but rarely to levels associated 
with limiting diatom growth. Phmphorus is rarely, if 
ever, a Emiting factor orr primary pi&~ctioo in the 
delta for b concentrations are generally several 
times higher than algal rquirements. 



. Hmlaticarn and light p n e t r m w  
trol of phfloplanktsn 

abundance in the delta. use of its latitude of 
35' Ed, the delta se&wnaliy undergm fivefold 
fluctuations in the amount of available light. W i l e  
high temperatures can caw rapid i n c r e w  in 
phytoplankton grc>wth, blcx~ms in the delta (prior to 
19%)) usually occur in late spring when the duration 
of daylight is approaching its mcurimum, but the p k  
of temperature is still two months away. 

Turbidity alters the effects of tight and river 
discharge ~aaes on phytoplankton growth; higher Elow 
rates carry more sediments and thereby increase 
turbidity (Bail 1975). Bloom are in late spring or 
carly summer when insulation approaches a maximum 
(Chadwick 1972). In addition to reducing residence 
times, high discharge rates may control phyto- 
["lankton growth by decreasing the depth of the 
euphotic zone (Figure 24). 

depth of 1% l ight transmitonce (mm) 

@ Delta outflow ( 1  0.000 ocie-feet) 

The euphotic mne in the delta is rarely more than 
2 m deep (%me 24). On the other hand, average 
dep& of the chm& is generally 10-13 m. ' I h ~ 6 ,  
the euplilsii~ zone constitutes less than 20% of the 
water calurna use the water column is 
&orou@y mixed, no more than 20% of the phyto- 
plankton in delta channels receives enough light for 
growth. The s iNf i ance  of depth is shown by the 
rnuch higher algal concentrations in those parts of 
the delta where depths are least. Where it enters 
the delta, the San Joaquin River is only about 3 rn 
deep and supports chlorophyll n concentrations five 
to six times those found in most delta channels. 
Flooded islands and dead-end sloughs are other 
habitats where the euphotic zone makes up as rnuch 
as M % 4 %  of the water column. 

The relative depth of the euphotic zone is most 
important in the entrapment, or null, zone 
(Peterson ea al. 1975; Arthur and Ball 1978; Cioern 
et al. 1983). If delta outflows push the null zone 
out of the delta and into the broad, shallow reaches 
of Suisun Bay, phytoplankton growth is much higher 
than in years of low Elow when the entrapment mne  
lies within the deep channels of the western delta. 
The effect of the null zone in increasing residence 
time of plankton and mixing the water m l u m  
apparently permits more efficient use of insolation, 
but its role in concentrating nutrients may a h  be 
important. Throughout the delta there is usually 
only one (spring) plankton bloom. When the null 
zone is in Suisun Bay there is often a larger second 
(summer) bloom. 

Gmzing. The role of herbivore grazing on 
phytoplankton abundance has k n  a subject of 
debate. Phytoplankton dynamics are modeled more 
accurately if zooplankton g r w n  are inciuded 
(HydroQual 19841, but the models are still rather 
poor predictors. Phytoplankton concentrations have 
keen observed to be invehsely related to the density 
of benthic, filter-feeding clams (Corbicula), but the 
same periodicity of algal abundance occurs in areas 
of very low grazer abundance (Qiifomia Rpartment 
af Water Resources 197&&,b; see 1983 data). In 
the upper reaches of the San Francisco Bay mmplex 
immigration by marine benthos during dry years has 
k e n  strongly linked to low phpopianktoa biomass 
(Nichols 1983). 

Figure 24. Mean nnoxttly depth of t% light PFbv, TCIXican~s do ma ,seem fa ages3 delta 
tmnsmil-laxnm (euphotic mne) with mwn rnonthiy ~hpo~l""kto"a  r rim en& two ammohl 

de lb  outnow rates. cultural herbicides, Ordram and Wlero, fail& to 



show any effect on the growth rates of Melosi8.0 
,granulata and GoscMdiscras spp. Ti%& were run at 
both low and high leveb of the herbicide. b w  
levels were in the ranges found in delta waters; high 
levels equaled the concentrations found in rice fields, 
The posible effects of other t o ~ c a n b  are 
undetermined. 

Phytoplankton patterns in the delta have been 
drastically different over the last 10 years from a8 
previous samplings. After the drought of 1976-77 no 
phytoplankton blooms were recorded until 1980. A 
double peak in chlorophyll a concentrations, an 
event usually seen in Suisun Bay, occurred in the 
western delta in 1982 although the entrapment zone 
was in Suisun Bay (California Department of Water 
Resources 1978-%a,b; see 1983 data). The timing 
of the double peaks, as well as their distribution, 
were different. Since 1980 most phytoplankton 
pcah  have m u r r e d  later in the year. 

Since the drought of 1976-77, phytoplankton 
abundance in the delta have been generally lower 
and differently distributed than in earlier years, so 
references to earlier studies must be viewed 
cautiomsly. Also, in this last decade the zooplankton 
wmmunity has acquired new dominant species of 
cc~pep"ls, but the effect of these changes on the 
phytoplankton community is undetermined. 

Phytoplankton peaks since 1988 have k e n  
dominated by Melosira panufata. Similar changes in 
the relative abundance of M. gramlala in Lake 
Michigan and Lake Erie occurred earlier in this 
century (Nohn 1969; Strmmer and Yang 1970). 
Part of the reason for the sucum of M pnu la ia  
may rest on its natural history: it is especially 
tolerant of pollutants; it can survive long period% of 
dormancy in the sediments; and it is nor a preferred 
f d  of most -plankton (Ball 1987). The size of 
its valves and filaments are larger than the 
mouthpar& of most s p i e s  of zmpiankton. 

B e  apparent prefened tempmafure of M 
pnlslata b higher and the range narrower than for 
many of the other common diatom s w i e s  found in 
the delta (Stoemer and M e w s k i  1976). In many 
eutrophic habitah of E u r o p ,  M. prrrmlafa p e a k  in 
the summer or  early fall (Nuber-Pestalozzi 1942.2). In 
CKear take,  the natural lake clcsat to  the delta, M 
pnut'oba bloom in August and %ieptembr (&me 

1975). lira the w e t e m  and swtral delta, chhoroghyll 
a peaks since the 1W677 drought have wun& 
later in the pear, nwer  &ginning in March or A p d  
as they BiquentIy had before the drought (Ball 
1%7). 'Fhe ~& and narrow preferrd tempratare 
regime of M g r a d l a  may be -part of the reason 
for the shift in s e w n a %  abundancs: of c%liorophyfl a. 
No r e w n  has been put forward for the lack of a 
sphing bloom of other s p i e s  since the drought, but 
changes in water quality $since 1980 may aplain the 
recent increase In importan= of Melosira gramlafa. 

Ball (1987) put forward a possible explanation for 
the increasing d o m h a n ~ e  of Melosipa gewlata.  M 
gramhta is a largecell&, cylindrical diatom that 
f a m  longer cylinders by the adhesion of valves; 
the total length of these colonies can be greater than 
1 cm. Large cell size and thick walk resuit in a 
high silica consumption rate and a high settling rate 
for this species. The high settling rate produces a 
large "seed bed" for M. gramlafa on the bottom. 
Since 1973, water transparency has been increasing 
in the delta, so in shallow areas the bottom is more 
often in the photic wne. The large dormant 
population of M. panulata could respond rapidly to 
adequate light levels by rapid growth and 
reproduction. Peaks since 1980 have been more 
sudden and of shorter duration than those before 
the drought, which is consistent with activation of a 
large dormant population. In further support of the 
imwrtance of a dormant population is the 
okurrence of bloom at higher c&delta flows than 
in earlier years; higher cross-delta flows reduce 
residence times and used to be important limitatioahs 
on population growth rates. The sudden declines 
following recent chlorophyll a peaks have been 
awmpanied by drops in available nitrogen to very 
low levels. 

Water transparency hiss steadily increased in the 
central and western delta; average %hi depths in 
1973 were 20-48 cm, and now they are more often 
48-88 cm. Several possible mehanbms &hind the 
increaing tramparenq of delta waters have k e n  
suggested: trapping of sediments by upstream dams, 
transport of sediments out of the estuary that had 
been introduced by hydraulic gold mining during the 
lase century, export pumping of water carrying 
smpendable sediments, export pumping camkg 
disruption of d i m e n t  trapping in the entrapment 
mne, and changes in agricultural pract iw that may 
have fomerly injar& wore d i m e n t  into tbe delta 
waters (Ball 1987). 



2.2 SPECIES CO&IPOSITION M D  
DISTKIBUTHON 

In this section detailed reference is made to the 
phytoplankton abundanca measured by the 
California Department of Water Resources for 1911.2. 
(Table 2). Weather in this year was not as unusual 
as in many preceding years, so Its phytoplankton 
comntunities may have been more typical. Winter- 
time phytoplankton of the delta are frequently 
dominated by cryptomonads (Ball 1975) or the 
diatom Achnanthes (California Department of Water 
Resources 1978-X6a,b; see 1985 data). However, 
t h ~ w  wintertime populations arc usually at low 
densities so the emphasis in the following discussion 
is on those species that dominate the productive 
period from spring to fall. 

The dktribution of species can be masked by their 
simultaneous growth periods. The 1984 peak in 
chlorophyll a (Figure 25; California Department of 
Water Resources 1978-86a,tr; see 1985 data) showed 
a maximum in the south central delta with a more 
rapid decline toward the west and north than toward 
the south, suggesting a single bloom. In fact, this 
b lwm varied in species composition as much as in 
density (Figure 26; California Department of Water 
Resources 1978-86a,b; see 1985 data). In 1982 there 
was a similar situation (California Department of 
Water Resources 1978-86a,b; see 1983 data) when 
three more-or-less simultaneous blooms were 
responsible for the high June cancentrations of 
chlorophyll a throughout the delta. Bemuse of the 
formation of transition zones, five different algal 
communities constituted this bloom (Figure 27; 

Table 2. (;enem of phytoplankton collected by alifornia Department of Water 
Resources in monthly co l l~ t ions  in 1984 at 15 shtions throughout the delta. 

Bacillariophycae 
Achnandze 
Amphora 
AsterioneIIa 
Cocconeis 
Coscifidiscu 
C$clofella 
cS)matopleur~ 
CjmbeIla 
Diatoma 
Epithemia 
fiagilen'a 
Gomphoneis 
Gomphonem 
Melosira 
Navicula 
Neidium 
Niaschia 
finalaria 
Pleurosigma 
RIzoicosphenia 
Rhopa fodia 
Skktonema 
Surirella 
synedra 
Thrrlta.rsiosira 

Chlorophycae 
Actinastrum 
Ankirtrodesmus 
Carteria 
Chlamydomonas 
Choda f ella 
Closterium 
Coelastrum 
Cmcigenia 
Elff both& 
Kirchnen'ella 
Nephrocytium 
Oocysris 
Perfiaslmm 
P"ymmimonas 
Scenedesmus 
Schroederia 
Setenashum 
Spermtoz.ops& 
Sphaermystis 
Tetraedron 
Tetrasmm 

Chrysophycae 
Chrysocronzulim 
Synura 

Cryptophycae 
Crypdomona 

Dinophycae 
Gp"ncxfiniurn 
Hemidiniurn 
Massartia 
Peridinium 



Flgure 25. DisMbwtioa chlomphyll 5 eo~ntrat ions  within the delta duriing the spr5ng b8mm in 1984. 
Fmm Californiei Deprtdment of Wafer (197&8%b; 1985 dab). 



Figure 26. Distribution af specries of ph*glanklon duriag the sprilolg 1984 blappsm, Fmm Cm?tlifornnia 
DepaPtmenlt af m t e r  Resources (1978-86a,b; f 985 data). 
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Figure 27. Distdbution of species of phfloplarrkton during the spsing 1982 blmm. Fmm Gallfomit~ 
Department of Water Resoares (19'98-8Sa,b; 1983 data). 



CaIifornia Department of Water Resources f 978- 
%a,b; see 2983 data). Small-scale discrepancies in 
timing of the peaks within these assmiations 
(California Department of Water Resources 4978- 
%a,b; see 1983 data) sugesfed that they were 
controlled by different environmental factors. The 
different growth rates of the different species 
responsible for these blasrns have probably been the 
Iargcst stumRIing bIcxks in developing a predictive 
model of delta phytoplankton (MydroQual 1984; 
Brown 2987). 

The northern delta is dominated by the waters of 
the Sacramento River and associated Yolo Bypass 
that support the Icawest phytoplankton concentrations 
of the area. As described above, watcr from the 
Sacramento River enters the delta carrying 
chlorophyll a at concentrations seldom grcatcr than 
6.pg/L in the summer. During the winter, when 
water residence times, insolation, and temperature 
are lowest, chlorophyll a concentrations are 
frequently as low as I p g L .  As the water flows 
through the delta to Green's Landing, these con- 
centrations are generally doubled. The low flows 
during the 1976-77 drought generated phytoplankton 
concentrations several times greater than these. 
High-flow years can prevent any measurable 
phytoplankton growth. 

'Fhis area, like most of the della, is dominated by 
diatoms (Bacillariophycae) but flagellates are 
occasionally abundant (Figure 28). Abundances peak 
in the spring, although in 1984 there was a 
wintertime peak of Asferionella in January and 
Gyclotella in February. From 1969 to 1974 the 
dominant phytoplankton were Coscinodiscw, 
Cyclotella, and MeIosira (Ball 1977; Ball and Arthur 
2979). 

The southern delta is dominated by waters of the 
San Joaquin River. The San Joaquin is generally 
shallower, warmer, slower, and richer in nutrient$ 
than the Sacramento and supports much greater 
conmntrations of phytoplankton. Peak plankton 
abundances in the south delta are regularly 10 times 
as dense as those in the rest of the delta (Figure 
29). Because of the recirculation of agricultural 
water through the §an Joaquin Valley, the south 
d e b  has higher conductivities than most of the rest 
of the delta. In fact, wnducbivitia here are similar 

to the saline areas of the wate rn  delta. 
&nsequently, the atgal mmmunity is frequently more 
similar in thme two areas than in the rest of the 
delta. The algal community from 19-69 to 1974 was 
dominated by Goscirzsdiscus, Cyclotella, 
Stephuntdkcus (=Skeletunema.?), and Melush. The 
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Figure 28. Density and species composition of 
phytoplankQn in the northern delta (Sacrament@ 
River at Green's baading). 
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Figom 29, UensiQ gala spies mmpsltfoa oZ 
pfPj$capEaakton Ira tbe mathem dd& (Saa Jwqain 
River at R116asMale bAdge), 



1984 ~ommuBlljtgr wats sianilar, but at t ima 
CBda s was aburndant wMe Skletonew wa 
not reported. 

Agnicufturd return watel.s are aich in ~ t r o g e n  and 
other nutriena, but it is uclear  whether these have 

M d e h g  of 
no eEwt  of 

agriculturd runoff even at extreme levek 
(Hydrdual  1984); hwever, these models are poor 
predictors of phytoplankton dynamics in the delta. 
Expenirnentd addition of nitrates to cultures of delta 
waters has stimulated growth in h a s t  all cases. 

Summertime densities of phytopldton in the 
lower reaches of the southern delta usually decline 
sharply when incr exports from Tracy decrease 
residence times and draw the less-productive waters 
of the Sacramento up the lower reaches of the San 
Joaquin (Ball 1975). Residence times are also 
Iowered by wintertime high flows that limit algal 
growth (California Department of Water Resources 
1W8-86a,b; see 1983 data). 

Since 1978, chlorophylI a abundanm in the 
southern delta have been markedly lower (Ball 1987). 
Increased outflows of water from the New Melones 
Dam have kept §an Joaquin f i e r  flows over 1000 
ft3/s at aII times. Prior to 197% flows were 
frequently less than 1QO ft3/s. The increased input 
of coal, clear water has decreased standing crops by 
dilution of the algal population and their nutrients, 
by decreasing residence times, by slowing the growth 
rates, and by reducing the percentage of the water 
column in the photic zone. Improved savage 
treatment by the city of Modesto may also have 
reduced algal growth (Ball 1987). 

Mmmt no generalities can be made about the 
e a k m  delta It  is usually dominated by the waters 
of the mrthem delta with additional inputs from the 
h u m n e s ,  Mokolume, and Glaveras Rivers; thus, 
the source waters seldom s u p p r t  chlorophy11 a 
mnmntrations &rater  than 10 rglL (Ball 1375). 
However, the smaller rivers generally have %ow flows, 
and they flow h t o  a number of dead-end sloughs 
with high residenw times and high nitrogen 
mntnbutiom %horn nei&bfiple: fatanlands (Ball 1975)- 
3% wdct oLC factors p r d u m  a very 
heteragenmus m a y  of p l a o n  demities (Ball and 
Arthur 1973). Depending on r a t s  and idow 
rates, the area may alsa receke much of its water 

&om the Sm Joaquin River. bminank algal 
s p i a  dlKiEag the s p k g  and summer s e m m  of 
18531-74 were CO.Y cus, ~lofeICkaI S k b e t o ~ m ,  
sad Mtblosh (Ball 1977). In the dead+nd slougb 
the phytoplalrrkton is frquently dorarinatd by green 
algae that se1dom a m u n t  for more than 20% of the 
phytoplankton in the mt of the delta. 

'Fhe hydrologgr of the central delta is dependent on 
the relative m d  absolute flow of the inflowing 
rivers and the rate of export by tthe pumps in Tracy. 
It is not surprising, then, that densities of 
phytoplankton vary widely through the year (Figure 
30). Attempts to  model delta phytoplankton 
populations have focused pr i rndy on the ~ent ra l  
and western delta (HydroQual 1984). A sonsistent 
pattern in several recent years has been seen in the 
dense blooms of Melosira granulata. Recent studies 
(Brown 1987) have shown that Melosira gramlafa is 
one of the slowest growing of the algal species in the 
delta; incorgoration of different growth rates may 
allow greater predictive accuracy for the models. 

The seasonal influx of saline waters from the 
broad, shallow waters of Suisun Bay causes the 
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Figurnre 30. P)ensiQ and spies  wmmition @f 
gbytaspIanrkahBn bn tbe een-l delta (%a Josg~ldn 
Mvw srC Poab Paint). 



western delta to  exkibit patterns in phytoplankton 
productivity dilfferent from the southern or northern 
portions of the delta. In the watern delta, higher 
fiows push the nuli zone into Suisun Bay, where 
conditions are extremely gmxl for algal growth 
(Arthur and Ball 1979; Clmm eb al. 1983). Tidal 
movements can then bring much of this phyto- 
plankton productivity into the western delta (Sitk 
and Knight 1979). Low flows keep the null zone 
within the deep channels of the western delta where 
only a small fraction of the algal cells are in the 
euphotic zone at any time. Gnsequently, while the 
drought of 1976-77 was associated with higher than 
average phytoplankton populations in most of the 
delta (Ball and Arthur $9791, the  western delta had 
lower phytoplankton densities than for any other 
year on record (Siegfried et  al. 1979; Arthur and Ball 
1980). Since the 1976-77 drought, phytoplankton 
blooms, even in years when the null zone is in the 
optimum position, are not as productive as in earlier 
years (California Department of Water Resources 
1978-86a,b; see 1985 data). Beak chlorophyll a 
concentrations have been high, but they do not last 
as long (Ball 1987). 

The invasion by more saline bay waters also 
contributes to different dynamics and composition of 
algal species in the western delta. Multiple peaks of 
phytoplankton densities are a frequent feature of the 
western delta (Ball 1975). The dominant genera of 
the western delta in 19EM included Skeleronema, 
Melosira, Gyclotella, and Coscincdiscw (Figure 311, 

Skeieionemo 

a Meiosiro 

Figure 31, Density and species c o m ~ s i t i o n  of 
phfloplankton in the western delta (San Joaquin 
River at Antiocb ship channel). 

with Skletonema dominating in the spring and 
MeIosira in the  fall. Earlier years supported similar 
assemblages (Ball 1977; Ball and Arthur 1979). 
More saline species such as Chaetweros are 
occasionally abundant during very dry years. During 
the drought year 1976, the dominant genera of aIgae 
switched from diatoms in the spring to blue-greens in 
the summer (Siegfried et al. 1979). 



The distribution of smaller zooplankton closely 
parallels the distribution of phytoplankton with, in 
general, more plankton in the waters with the 
greatest levels of total dissolved solids. Thus, 
concentrations are densest in the shallow areas of 
the San Joaquin River in the south delta; lowest 
densities occur in the waters of the Sacramento 
River in the north delta (Turner 19Cr6e). It is most 
likely that residence times are the controlling factor 
on zooplankton ppulations (Turner 1Y66e; 
Chadwick 1972) within the waters of each river. 
Examining the waters within a dead-end slough, 
Turner (lCKi&) found that zooplankton, total 
dissolved solids, residence times, and temperature all 
covaricd over the length of the slough and over the 
course of the seasons. It was impossible to sort out 
the effects of each factor on m p l a n k t o r ~  densities, 
but all apparenliy contribute to  productivity. In the 
drought year 1976, the m p l a n k t o n  peaked in 
March, predominantly became of the abundance of 
rotifers (Siegfried et  ai. 1979). 

Pn 1913, Mien (1920) found over 116 zmplankton 
s p i e s  in parts of the San Joaquin River near 
Stockton, Of these, as for most freshwater 
ecosystems, the  vast majority were ciliate protozoans, 
rcrtifcrs, cope@, and cladocerans. There was mucla 
variability among his four sampling sites in both the 
relative and total abundances of these groups. Later 
studies (Chadwick 19'92) have found that the same 
four groups wntinue to  predominate througIlout the 
delta. 

C&te Ciliate protozoans are 
particularly similar to phyropiankeon in their 
geographic dktribution. In the San Joccquin River 
densities range from 14,W to whereas in 

the Sacramento River they rarely approach 6 , W L  
and are more commonly found at densities less than 
2 , W L  (Chadwick 1972). GhadvLack (1972) reported 
no apparent seasonal trends within this group, 
despite wide temporal variability. In the western 
delta the ciliate T i n b p s i s  showed a strong peak in 
abundance in February (Sitts and Knight 1979), but 
it is impossible to say whether this represented a 
seasonal phenomenon since the study encompassed 
only one year. 

R o t f a  Rotifers are primarily a freshwater 
group of animals and so are rarer in the lower 
portions of the  Sacramento-San Joaquin Btuary, but 
they sometimes occur at high densities within the 
delta. Densities range from as many as 14,ObX)L 
during their peak in the lower San Joaquin River to 
not more than 10,000/L in the rest of the delta 
(Chadwick 1972). Most of the species identified are 
substrate-orient4 species and were collected 
generally in shallow habitats (Chadwick 1972). In 
the western defta the genera KerateEla and Nothelca 
were most abundant in early spring when salinities 
were minimal. A secondary peak, composed mainly 
of increased abundances of the brackish-water 
species Synchaeta bieomis, occurred in the late fall 
(Siegfried e t  al. 1978). In the far western delta, 
Synchaeta canstitutd a large part of the total 
zoaplankton ppulat ion in die1 samples in February, 
May, and September of the drought year (Sitts and 
Knight 1979). In the eastern delta, AspZaatchna 
girodi and A. pn'donta were found to prey on an 
assemblage of other rotifem including S ~ c h a e t a ,  
Brlichinnw, Gesh-opus, Playia~;  Xchmerca, 
Meratelk, Polyarihra, MonosgIa, FiIin:& and DifislgiQ 
(C. Sair, Univemity of alifornia,  Davis; pen. 
mrnm.). 

ape* ~~ The greatest average 
demities of copepods and clad 
the peak of t empra ta re  (Turn 



densest p>pulationas of these uretplankben %ern to 
occur later in the year than the d e a w t  ppularions 
of phytoplankton, bua it is unckar to what extent 
grazing pressure may contribute to the da l ine  of the 
phytopfa~skton. It i s  particularly noasw,ab in Figure 
32 that she tesrrprature decline eractly wrresponcbs: 
to the timing and rate of decline in the abundanse 
of these smaller m p l a n k t t ~ n  species. The 1% 
study o n  tempjral distribution of ranxtplankton only 
covcrcd 1 year, w how these patterrns actually 
rcprcscnr recurrent seasonal distributions is stili 
unknown. 

A special situation exists at  Stmkton in the 
southern delta where the California Department of 
Fish and Came has h e n  sampling in most months of 
all ycan fr01~1 1972 to the present. This portion of 
the delta is icast affected by the pumping plants at 
Tracy, so waterflows and residence times do not vary 
as greatly from month to month or from year to year 
as in the r a t  of the delta. Thus, the data from this 
;irca can be used to identify the species OF plankters 
most sensitive t o  temperature and photopri td  (J. 
Orsi, California Department of Fish and Game; pen. 
crrnrrn.; Orsi and Mccum 19%). Dia~)~omus and 
L)irz~>/~(r~zosonznz~r are the genera most closely 
controlled by temperature; thcy show distinct 
summcr-fall abundana peaks in most years. 
Br>.ssntinn normally has one peak in abundance in 
spring and another in Fzrll, but these peaks are 

Figure 32. Densities of c~pepods and cl;aCBwerans 
thraugk 11363. Mcdified Brom Turner (19Sdelf. 

d e p r ~ d  if chlaeophyif a conwntratiom are below 
10 p@L Rotifem, while generally unpredictable, do 

me abundant unless chloropfnlyll a 
wncentratiom e x d  20 rglL, D ~ p b i a  spp. and 
q c l o p i d  mpepxk show M, apparent pattern with 
season or  with chlorophyi1 a concentrations. 

Turncr (1%) reported that mpIankton  were 
most abundant from June to November; coppods 
donxinard the earlier part of the peak and cladocera 
the later portion. The dominant species of ciadocera 
were Bosmina lon&ostnrs, Diaphanosoma 

, and Daphnia spp.; the dominant 
copepods were CyiopP~ (Turner I-), 
Eqternora armis (=E. &s) (Heron and 
Damkaer 1976) and Diaptomus rrova&anu~ 
(California Department of Water Resources 1978 

see 1986 data). 

Native specias. From 1972 to 1978 the aswiation 
of small =plankton was made up of many of the 
same species described by Turner (1 
measures of their environmental requirements were 
possible through the extensive collections made by 
the California Department of Fish and Game (Orsi 
and Mecum 19%). The delta mplank ton  
comprised a freshwater group and a brackish water 
group. The freshwater group was d o  
~ y c l o p i d  copepods (primarily Aca 
vernal& with Cyctop.~ scutifer and C. bicu~pirsatus 
tfiornnsi), cladweram (mostly Basmina Zon@~$~), 
and the rotifer genera KeratelIa, Po&@n!h, 
?'richocerca, and Synchaeia. The  brackish water 
group was charactekzed by the copepod Euryemsra 
afJinir and the rotifer Synchaeta bkomb (Table 3). 
In dry years coptpods of the marine genus Acartia 
also associated with the brackish water group. These 
were not exclusive =ociations. Even in the most 
seaward parts of the delta, where E a@ 
dominated the plankton awmhlage, S ~ h a e d a  
Oicrmis was never found to he the mast abundant 
rotifer. Both species were also found thrc-iughout the 
dclta in most years. 

Chlorophyll rm was strongly correlated with most 
measures of ziimptankton abundanm, The year 1974 
was extremely wet, and the year 1977 was extremely 
dry. Because of peculiarities of flow, 1974 p r u d t l d  
very high cnncentratiom of m3piankton and 
chlumphyI1 1.i in the  San 4oaquim River at StscHton! 



Table 3. Fauna collected in zm,pBswktoarr samp1es 
from the western edge of the SacnrarnenWSaoa 
Joaquin Delta from Jfanuarky to N~ovemkr 1974 a 
dmughl yeas (Siqfsid and KopacIlae 1980). 

dkturbingly, an overall d a l i n e  in chtorophyll A in 
the delta from 1972 to 1878 was reflected in a 
general d e l i n e  in mptarnkeon d e m i t i s  (Osi and 
M a u m  19%). 

COPEPODA 
Eurytrmora a ffinis 
Acarfia calusii 
Diaplomous spp. 
Cyclops spp. 
Ectinosoma sp. 
Scotialana sp. 
Harpacticoida (2 spp.) 

CLADOCERA 
Bosrnina longirosrrG 
Daphnia Iaevis 
D. pula  
D. schlxlleri 
D.ga1eata 
Monospilus dispar 
Diaphanwoma deuchfenbeqianum 

MISCELLANEOUS CRUSTACEA 
Rithsoynnopeus hanisii zoca 
Balanus spp. nauplii 
P(i1izemon macrodacyIuUr larvae 

ROTI[EKA 
Poiynrrhra spp. 
Kellkottia ,yp. 
Filinia spp. 
Synchue fa sly. 
Kera~ella spp. 
Notholca spp. 
Brachionus SIT. 
Playias .w. 
As@nch;hna spp. 
Ascomo~ha spp. 
Tetras&hon spp. 
P/eurf~trcxha spp. 
Tn'cZ0om.a spp* 
Wgrella spp. 

bur, simultaneoufy, much I o w ~ r  conmntrations in the 
Sacramento River at Hcmd. En 197'7, Hsod samples 
contain& many more plankters and more chlorophyll 
a, while ail were depressed at Stockton. More 

The species cornp i t ion  and relative abundanm 
of the smaller s p i e s  of m ~ p l a n k t o n  are chan@ng 
dratically. & l w e n  I972 and I978 the dominant 
rotifer s h i f t 4  from Keratella cmhlersris to Synchefa 
bicomis (Orsi and Mecum 19W6). 

En 1978-79 two new species of 
copepds were found in the delta, SiPzocalanus dmmmi 
and L k d h n a  sinensis. Presumably these species 
arrived from the waters of their native China Sea via 
the ballast holds of wmmercial s h i p  (Orsi e t  a!. 
1983; Ferrari and Orsi 1984). The  introduction of 
these species may be r a p n s i b l e  for the switch in 
abundance from dominance by the surnmer-form 
Diapfonzm novamexicanus to  the winter-spring form, 
6). franci~canus (California Department of Water 
Resources 1978-86a,b; see 19% data). The general 
decline in moplankton abundance in the years prior 
to 1979 (Orsi and Mecum 1986) may have facilitated 
the invasion of the delta by these new specics. 

Limnoilhona sinensis was first found near Stcxkton 
in August 1979 and had spread throughout the 
freshwaters of the delta by Qctokr  of the same 
year. It is particularly abundant from October to 
November and is rarest in March and April (Ferrari 
and Orsi 1984). Limnoithona sinensis has attained 
densities of 71,176/m3 and is more abundant in the 
warcrs of the San Joaquin than the Sacramento 
River. Salinities trf more than 1.2 parts per thousand 
(ppt), which roughly coincide with the salinities of 
the null zone, appear to limit its seaward distribution. 

S'inucalanus cloenii was first captured in May 1978 
at the western edge of the delta near Pittsburg (Orsi 
et a!. 1983). Sirrocalt~nus doePsii occupies areas of 
higher flows than had k e n  occupied by native 
specics. In fact, its spread upstream from Pittsburgh 
took place from December 1978 through March 
1979 when outflows were quite high. 

Recent measures of chlorophyll a and pheopig- 
lnents in water samples from the Sacramento River 
have indicated a decrease in chlorophyll a reIative to 
other pigmen& (Ball 1987). The ratio of chlorophyll 
c to other pigmcnts is frqtent!y interpreted as 2 

nxmure of the health of the phytoplankton 
population (Ball 1975) and the perwntage of 



chlorophylt a can decline as mplankton grazing 
increases. The invasion by S h m ~ l a m  dwrrii of 
Sacramento River channels, which had previously 
supported very few mplankters, coincides with the 
reduction in relative abundance of chlorophytl a in 
north delta water samples. 

The abundance of S. h n i i ,  unlike most other 
plankton, reaches greater peaks in the Sacramento 
than in the San Joaquin River (Figure 33). The 
upperiirnits of its range in the Sacramento River 
correspond with shallow areas in the river channel 
near Brannan Island. Sinocalanus doem? is more 
like native copepods than L. sinemir in that its peak 
abundance runs from early June to September. 

The increased abundance and range of Sinmalanus 
doemmi has coincided with dramatic changes in the 
native copepod assemblage (Figure 34). One native 
species of Diaptomw, which previously had been 
scarce in plankton samples, has almost disappeared 
(California Department of Fish and Game 1987). 
Another native copcpod, Eurytemora affiis, has 
suffered a restriction of range and abundance since 
the invasion by S, duemmi (California Department of 

-+- Sacramento River 

43- San Jooquin River 

Figure 33. Sessonrlil abundance of the introducd 
co~epod in the Sacmmento and 
San Joaquin Rivers. ModMed from Orsi et 81. 
(1983). 

Fish and Game 1987). E u r y t e m  u r n  was the 
dominant calanoid copepod in all years prior to the 
introduction of Simcalanus doe*, since its 
introduction, S. drrenii has dominated the copepod 
assemblage of the delta. Both Eurytemoru and 
SincIcalanus eat a wide array of phytoplankton, but 
with an emphasis on the centric diatoms 
Coscimdiscus and Skeletonemu (Orsi 19&7). During 
Melusua blooms, copepod guts are frequently empty, 
although MeZosira is found in the guts at other 
times (Orsi 1987). Identifying the possible 
contributions of competition and changes in 
phytoplankton composition to changes in range and 
abundance of native copepods will be difficult. 

3.2 OPOSSUM SHRIMP 

The opossum shrimp, Neamysis metredis 
(synonymous with N atschwanensir and N. intemzedia 
in earlier discussions of delta mysids; see Simmons et 
al. 1974 a,b) is found in the diets of almost all fshes 
of the delta (Heubach et a!. 1962; Radtke 1%6, 
Turner 1966 a,b; Turner and Kelley 1%; Moyle 
1976; Smith and Kato 1979; Stevens 1979; Moyle et 
al. 1985). Unlike other elements of the delta 
zooplankton, the biology of N. mercedis has been 
widely studied and described. Two other mysid 
shrimp occur in the freshwaters of the delta-- 
Acanthomysis mcmpsir and an unidentified small 
mysid that was found in the lower San Joaquin River 
(Orsi and Knutson 1979)--but there are no reports 
on the biology of either. 

Early studies of the distribution of N. mencedi3 
found that it was concentrated in areas with higher 
chloride concentrations, particularly the western 
delta and, to a lesser extent, the San Joaquin River 
near Stockton (Turner and Heubach 1%). This 
observation was initially interpreted as evidence that 
salinity was a primary factor governing the 
distribution of the opossum shrimp. Later laboratory 
studies have shown that the optimal salinity far this 
species is near 18 ppt, at wbich it is never found in 
great numbers while the salinities at which it occurs 
in its greatest densities (1-4 ppt) are probably 
osmotically stressful (Silts 2978). 

The upstream Emits oaf PI. m m d &  abundance 
appear to be set partly by light intensity. Ninety 
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Figure 34. Changes in relative cap@ abundances In the western deltrm follodng the dissovesy 
a f In 1979. Mdified fmrn Qlifornla Depalarnent of Fish and Came (19871b). 

(percent o r  more d the adult ppulat ion is found 
atdcpths where light intensity k less than 1 0 " ~  Ix 
Weubach 1969). In most delta waters, depths must 
be greater than 3 m to provide sufficient attenuation 
of sunlight. In areas whcre the channels are not at 
least 3 m deep N. mereedis is absent (TrIeubach 
1Y69). Similarly, in channels with shallow sides, n! 
mercedk is found only in the deeper, central parts of 
the chcpnnel. These conditicrns are probably what 
cause the greater abundan~e  of N. mercedi~ in the 
deeper Sacramento Rivcr (Weubach 1969) than in 
the shallower San Joaquin where most other 
moplankton congregate. At night these patterns 
break down and N. merced& is found uniformly 
distributed throughout the water column (IIeubach 
1x9; Sitfs 1978; Siegfried eh al, 2949). In later 
studies, Siegfrid e t  a]. (1979) used a smallcr meshed 
net that permitt& them to  catch representative 
numbers of young shcirnp, They ti7rmd that sjrrinip 
Im than 3 mrn long did not seem to respond as 
strongly to light h-ntensiQ as, larger shrimp, so that 

the younger shrimp were common in the upper parts 
of the water column. 

Net flow velocities greater than 0.12 m/s appear to 
prevent N: mercedtr from maintaining its position in 
a channel (Turner and Meubach 1%; Orsi and 
Knutson 1979) and thus are barriers t o  the upstream 
migration of Neon~ysis. Operation of the cross-deita 
channel in 1964 provided evidence of the impor- 
tance of net flow velocity (Turner and Weuback 
1966). Before thc gates to the channel were 
opened, flows in the Sacramento River were over 
0.12 d s ,  and flows in the cro~s-channel were less 
than 0.12 m/s; M. nnercedtr was absent from the river 
and present in the channel. After the gates to the 
channel were opened, the flow rates switched 
between the two sites, as did the  distribution of N. 
mercedk. Looking throughout the  delta, Turner and 
Heubach (TWf) fimrtd that h'. ?r-zercsdis was seldom 
present in sloughs with net flows over 0.12 m/s. 
During the drought of 1976-77 the barrier effwts of 



net flow were weakened by the greatly reduced 
outflow and, as a comequene,  Neonzysi~ was found 
much farther upstream than usual (Gutson  and Orsi 
1983). 

In addition to their diei vertical migrations in 
response to light, opossum shrimp also migrate in 
response to tidal flows. Adults tend to remain on 
the bottom during ebb tides and rise into the water 
colurnn during fled tides. Combined with the 
landward-Rowing, density-driven current on the 
bottom, this behavior tends to move the adult shrimp 
up into the more freshwater parts of the estuary 
(Orsi and Knutson 1979; Siegfried e t  al. 1979). The 
greater occurrence of young shrimp near the surface 
of the water calumn tends to move them downstream 
from the adults and into the entrapment zone (Orsi 
and Knutson 1979; Siegfried et  al. 1979). The 
entrapment w n e  also concentrates nutrients, 
phytoplankton, and suspended detritus (Arthur 1975; 
Ball 1975; Arthur and Ball 19791, making it an ideal 
nursery area for N. mercedis (Siegfried et  al. 1979). 

Studies through several years (Orsi 19%) indicate 
that there is less of a difference in vertical migration 
between different ages of N. mercedis than reported 
by Siegfried e t  al. (1978), whose study encompassed 
only o n e  year. Smaller individuals are more likely to 
migrate into the more lighted surface waters on flood 
tides, when they would be carried upstream. The 
greater occurrence of smaller N. mercedis in 
landward-flowing flood tides explains their observed 
scarcity in waters seaward of the entrapment zone 
where greater water clarity allows deeper light 
penetranee. Within the entrapment zone, water 
clarity is low and most of the population moves up 
into the area of neutral flow between the surface, 
river outflow regime and the deeper, density-driven 
currents 

Regression analysis of the abundance of Neomysk 
from 1968 to 1981 indicates that, in addition to 
salinity, the abundance of the copepod Eurytemora 
aflntv has a significant effect on the density of aduit 
Neonzysis (Knutson and Orsi 1983). Euryiernora 
afirsis is :he primary prey item of larger Neomysls 
indicating that the population is, at times, food 
limited. 

sVeamysk mercedis shows extremely large seasonal 
fluctuations in abundance, from mean densities in 
winter of less than 10/rn3 to almost 1,000/m3 in 
spring. Three main bouts of reproduction occur 
each year, but the high densities of late spring 
overlap the smaller p e a k  (Siegfried et  al. 1979). 
The overwintering population consists mostly of 
large, mature N. merced6, which breed in the early 
spring. The new generation grows at the same time 
as the populations of phytoplankton are multiplying. 
Fecundity is direetly related to size, but females in 
late spring produce more young than females of the 
same size in early spring (Heubach 1969). Repro- 
duction by the early spring generation produces the 
large concentrations of N. rnercedis in late spring. In 
addition to the changing relationship of length with 
fecundity, N. rnerced6 matures at  smaller sizes in 
summer than in winter o r  spring. The summer 
population produces the overwintering generation. 

High temperature (Heubach 1%9; Siegfried e t  al. 
1979), low dissolved oxygen (Turner and Heubach 
1966; Orsi and Knutson 1979), and predation 
(Heubach 1969) have all been suggested as the 
forces behind the fall decline in N. mercedis 
abundance. Hair (1971) found that the upper lethal 
temperature Iimit for N. rnercedis was 22 "C, a 
common late summer temperature in the delta 
(Siegfried e t  al. 1978). In the San Joaquin River a t  
Stockton, near-lethal temperatures are combined with 
low dissolved oxygen, and it may be the combination, 
rather than either factor aione, that decimates that 
population (Orsi and Knutson 1979). Heubach 
(1969) observed that the greatest numbers of young 
striped bass, which eat primarily N. m e & ,  are in 
the same area as their prey but was unable to  
quantitatively test the predation hypothesis because 
he had no measure of bass abundance. This 
question is still unresolved, but intensive studies on 
striped bass and N. rnercedis abundances over the Iast 
twenty years are beginning to be evaluated and will 
probably provide new insights. 

Annual variability in abundance of N. cdln 

be accurately predicted from knowiedge s f  
chlorophyll. a concentrations and either salinity at 
Chipp's bland or delta outflows ( C h i  and h u m n  
1979). Studies during the drought year (Siegfrid el 
al. 1979) demonstrat& that the location of the null 
anne determines the annual fluctuations in 
mercedis abundance. If the null mne is in the deep 
channels of the main rivers, as happens when delta 



outflows are Bow, chlol;ophyhl a commmntratiom remak 
low, because little d the aIgae is gth in  the photic 
zone. When outflows are higher, salinity at glfnipp9s 
Island is lower, and algal populatiom of the null 
m n e  are in the broad shallows of Suisun Bay. 
Therefore, more of the algae are in the euphotic 
zone, and chlorophyll a concentrations can attain 
much higher levels (Siegfried e t  al. 1978, 1979). 
Thus, the conditions mast favorable for N. memdk  
are also optimum for its food. 

s p i e s  of aigae. a ther  fac tm probably affect 
d i e t w  wsmpit ion -use Neomysk from more 
upstream stations fed on Melasira Eu~her  Into the 
year nhaa their domt ream c s u n t e p a a .  Lager 
individuak fed gndmaldly on zsog.ila&ton and a h  
showed strong prey selection. Cspd naupiiii 
were the most abundant compnent  of the 
zooplankan ~ m b l a g e  but were rarely wnsmd. 
Neomysis guts con&& mostly 
harpacticoid copepock, and rotiifers. 

3.23 Diet 

The diet of N. mercedis varies by size, through 
time, and by location within the estuary. Larger 
individuals usually eat more copepods, particuIarly 
Eurytemora afiis, while smaller individuals (<3 mm 
total length) primarily consume phytoplankton and 
rotifers. Like most mysids Neomysis mercedis is 
primarily a filter-feeder (Mauchline 1971; Foulds and 
Mann 1978), taking what passes through its filtering 
current rather than chasing individual items. How- 
ever, there is clear selection of the material ingested 
from what is caught on the filter pads. When roti- 
fers are abundant, the juvenile Neomysis take more 
of them, and the juveniles probably derive mast of 
their energetic gain from that part of their diet 
(Siegfried and Kopache 1980). There is also strong 
evidence of selection among phytoplankton species 
eaten. From March to May 1976, Skeletonema was 
by far the dominant diatom in the western delta, but 
the guts of Neomysis contained mostly Melosira or 
Cascinodiscus. Similarty, from June to November 
the only common diatom in gut samples was Coscino- 
discus although it was a very small part of the 
phytoplankton assemblage present. The shift from 
Melosim can probably be partly attributed to the 
greater size of juvenile Neomysis later in the year 
that makes them better able to ingest the larger 

The shift to blue-green algae reported by Siegfried 
et d. (1979) points up a general problem of 
plankton studies in the delta. Other surveys of 
phytoplankton use a magnification inadequate for the 
identification of small blue-greens (Siegfried et al 
1979), making it impossible to estimate the role blue- 
greens play in the rest of the delta. Even among 
diatoms, many dominants have probably been 
misidentified or missed due to their small size. Many 
of the individuals identified as Coscinodiscus were 
probably Thlassiosua and much of the chlorophyll 
a in several blooms may have been contained in 
Skeletonemu potamos, which was not colIecteri due 
to its very small size (J. Arthur and D. Ball, U.S. 
Geological Survey, Menlo Park, CA; pers. comm.). 
A similar problem exists for many statements that 
have been made about zooplankton because most 
plankton nets have been of 930 micron mesh where- 
as a mesh of 505 microns is required to accurately 
describe the abundance and size distribution of 
Neomysis populations (Miller 1977). Striped bass egg 
and larvae sampling prior to 1977 apparently missed 
most of the larval bass under 6 mm and resulted in 
greater biases in estimates of abundance for all larval 
striped bass under 40 mm (Miller 1977). 



4.1 BA'FTEPUVIS OF m U N D M C E  on the monthly samples taken by CalEornia 
Department of Water Resources personnel at four 

The zoobenthos of the delta is better understood stations within the delta. Two of these stations are 
than the zooplankton because the benthic community in the western delta, in the main channel of the 
is dominated by only five s p i e s ,  although more Sacramento River (in the center of the channei and 
than 82 species have been recorded (Table 4). Our along each bank) and in the center of a nearby 
understanding of the mben thos  rests primarily flooded island (Sherman Lake). Two are in the 

Table 4. h k n t h o s  collected by Cslifornia Depadment of Water Resources at four stations in the delta 
during monthly collections through 1984. 

PIatyhelminthes 
Planaridae 

Dugesia tigrina 
unknown triclad A 
unknown triclad B 

Nemertea 
Paleonematea sp. 

Tetrastemmatidae 
h s t o m a  graeccnse 

Nematoda 
Eudorylaimus 

Eudorylaimus 
unknown 

Etoprocta 
Eophopodidae 

PecinateIla magnifica 
Annelida 

Oligochaeta 
Enchytraeidae 

unknown spp. 
Lumbricidae 

Lumbriculus variabilis 
Naididae 

Chaetogaster limnaei 
Dere, digitata 
Nab purdah 
Ophidonais sc~pcnt ln~  

Pristina breviseta 
Slavina appendiculata 
Stylaria fossularis 
Vejdovskyella intermedia 
Wapsa mobilis 

Tubificidae 
Aulodrilus l imndim 
Aulddus  pluri~eta 
Bothrionemm vejdovskyanum 
Branchiura sowerbyi 
IlyodriIus frantti 
Ilyodrilus mastir 
i&odrilus templetoni 
Limndilus angustipenb 
Eimnodrilus h~ffmeisfn' 
Limnodrilus udekmknus 
Peloscolex gabriellae 
PsammoryctiLfes califomianus 
Quirtadn'Ius mulr2sefosw 
Spirospem ferox 

Polychaeta 
Nereidae 

Meanthes l h i c o i a  
Meanthes suchea 

Sabelljdae 
Manyu&~~ spciosa 



?'able 5. (Concluded) 

Spionidae 
Bixardia ligen'ca 

Hirudinea 
Erpbdiliidae 

Dina pama 
Glossophonidae 

Spaqanc~phiius ehepri 
Helobdella ;riserialis 

Mollusca 
Pelecypoda 

Corbiculiidae 
Corbicula fluminea 

Planorbidae 
Gyraulus spp. 

Gastropods 
Myidae 

Mya aretzi~ria 
Sphaeriidae 

Musculitrm spp. 
Unionidae 

At~ndonta nutr'rrltiuna 
Arthropoda 

Arachnids 
Unionicolidac 

Urzionicola sp. 
Crustacea 

Gladoccra 
Sididae 

Lafona .sc~t@rrr 
Sidf~ rrisfallivra 

Chydoridae 
Eurycercus I[irlrnr~Ilritti.~ 

Daphnidae 
Daphnir~ pula 
Sinzorqhnlus semrliirus 

Lcptodoridae 
Lq]fcdorcr kiruirii 

0 s  tracr~da 
Candonidac 

Candonna sp. 
Qpridae 

'zcot?Zo,Ya Srenocyy~ric~ lor" l;' 

Copepclcta 
Punciridac 

Nitocra sp. 
Temtrridae 

Eplschura raevariensis 
EuqlewtLiru sp 

Centropagidae 
Osphranticum labroneclum 

Cyclopidac 
MesqycIops edm 

Iso pod a 
Sphaeromatidae 

Gnonnzosphaeroma lute0 
Amphipcda 

Aseilidae 
Asellus occdentalis 

Curophidae 
Cmphium spinicorne 
Corophium stimpsoni 

Idoteidae 
Synodotia Znticauda 

Talitridae 
Hyallela azteca 

Decapoda 
Palaemonidae 

Palaemon nzacrudaclylus 
Xanlhidae 

Rithropanopeus harrisii 
Insccta 

Chironomidae 
Ahlahesmyia sp. 
Chironomus citlenuatus 
Cludofnnytamus sp. 
Cryprochiranornus spp. 
Demicryptochironomus sp. 
Iiarnirchia curtilamrlfata 
Micropsectra s p. 
Monodiume.sa sp. 
Nanocladius distinctus 
Paracladopelura sp. 
Paratendipes spp. 
Poipedilum sp. 
Procladius sp. 

Cmnagrionidae 
ZuniapKnon mcIamntioni5 

Gomphidae 
Gomphus olivaceous 

Ephemeridae 
Haagcnia limbain 

Heptageniidae 
Hepfogenin rosm 



central delta, in the main channel of the San Joaquin 
River (in the center and along each bank), and in 
the center of a R d d  island (Frank's Tract). 
These stations cover the range of benthic habitats 
in the delta, from the most lotic and shallow with 
generally paq-muck substrata to the most swiftly 
flowing rivepine with substrates of constantly shifting 
sand. 

years from January 1982 to June 1984 Ied to tempo- 
rary domination at all stations by freshwater species. 
The sudden salinity intrusion in July, b e c a w  of 
abnormally iow snowmelt, mused a sharp decline in 
zsobenthos density as the freshwater species declined 
faster than the brackish water species could spread 
or reproduce (California Department of Water 

b; see 1 9 5  data). 

Zoobenthos density varies from year to year 
(Figure 351, with peak densities occurring in early or 4.2 SPECW COMPOSITION 
late summer. in the past, summertime densities have 
been as high as 3100,000/m2, but mean densities are Species composition is more consistent than 
usually between 10,000 and 40,000/m2. The wet species abundance. Although 71 species were 

Aulodrilus Corophium Mana y unkia 
limnobius st~rnpsoni s p e c i o s a  

Ibodriius 
trantzi 

Unidentified 
N e m a t o d e  sp A 

Figurn 35. Variation across yeam in mkrmthrcrs densitis %in the SaemmenfkbSan Joaqutn Delh. 
Fmm alifomia Depadment of Water Resources (197886%b; 8985 dab).. 



replrted from the 19&l Linehos samplcs, five spw,ies 
(Corophiwn siimpsoni, 6. spinicome, Corbicuia 
flurninecr, Lirnnodriliy spp., and Manciyunbu'a specios~) 
make up more than 90% of the individuals at most 
sites in most months o f  most years (California 
Department of Water Resources 1978-86a,b; see 
1984 data). T h e  domination of the xmbenthos by 
these five species makes the  benthic community one  
of the most stable aspects o f  the delta. In addition, 
the species composition at o n e  site differs from 
another site but is relatively constant across years 
(Figures 36, 37, 38, and 39). The  distribution of 
each species seems to be largely detcrmincd by 
patterns of salinity and substrate (Hazel and Kelley 
1'366). Insects, particularly bloodworms 
(Chironomidae) are  common in the river (Hazci and 
Kcllcy 1960), but are  seldom found in the central or  
westcrn delta sites (California Department of Water 
Resour ccs 107K-M3;l,b; see  1981, 1982, 1983, 1 i>)84, 

1985 data). 

Members of the genus Corqhium are filter- 
feeders o n  detritus and Gse some detritus in the 
construction of tubes. During their summer pcaks of 
abundance Coro~)hium densities are regularly 
2 5 , 0 ~ 0 - 3 5 , ~ / m ~ .  

Corophium stimpsoni is the most abundant benthic 
animal in the  delta ( M m 1  and Kelley 19-66; 
California Department of Water Resources 1978- 
86a,b; see 1981, 1382, 1983, 1984 data) and was 
found in each of 25 samplcs colfected throughout the 
delta. It was found on  all substrates and in all 
locales, but was most common in the  western half 
and most abundant on  substrates of fine sand (Hazel 
and Kelley 1966). Within a channel Corophium 
stimpsoni shows a marked preference for the deeper, 
ccntral portions (Hazel and Kelley 1966; Figure 40). 
Cofophiurn stimpsorzi appears to undergo a die1 ver- 
tical migration similar to, but less extensive than that 
of Neomysis. U p  to 10% of the  p)pulation migrates 

Corophum stirnpsoni 

@ Corophium rpinicorne 

Lirnnodi-ilus spp. 

Monayunkio specioso 

Figore 36. Dominant z w k n t h o s  species aerosrj years .st sampling sites in f f d e d  island on 
the Sanr Jtmquin River in tbe central delta. 



Coraphiurn stirnpsoni 

Corophium spinicorne 

Lirnnodriius spp. 

Manoyunkio specioso 

Figure 37. Dominant zmbenthos species across years at sampling sites in a noodd island in the 
western delta. 

into the water column at midnight (Siegfried et al. 
1978). Vertical migrations may serve in distributing 
young Corophium downstream. In samples taken 
from 1980 to 1984 (California Department of Water 
Resources 1978-86a,b; See 1983, 1984 data), Cora- 
pizium stimpsc~ni was found regularly at each site but 
dominated the western sites (Figures 37 and 38). 

Corophium spinicorne is a tube dwelling amphipod 
whose distribution in the delta is almost the comple- 
ment to that of its congener; it is most frequently 
found on substrates of peat, cobble, or larger objects 
while C. stimpsoni is usually found on sandy 
substrates. Like C stimpsotti, C. spinic~me is found 
at all locales in the delta (Hazel and Keliey I%), 
but where one is abundant the other is usually rare. 
17. spirticonze Is most common on the skalIuwer edges 
of channels, frequently attached to pilings or riprap. 
C. spinicorne increases in abundance when wnductiv- 
ities increase, whereas C. stimpsotti decliries at 

conductivities greater than 5,000 psiernens/cm 
(Markmann 1986). In collections made since 41980 
by the California Department of Water Resourm, 
C. spinicome has seldom dominated any site (Fig- 
ures 36, 37, 38, and 39), but this is partly an artifact 
of its habit of building tubes on solid objects, which 
results in low capture rates by the Peterson dredge. 

Both s p i e s  of Corophium undergo two genera- 
tions per year, although only one population peak is 
apparent. An overwintering population begins 
reproduction in the early spring. ahe subsequent 
generation begins to appear in March, grows rapidly 
through the summer, and produces the next over- 
wintering generation in late summer (Siegfried et al. 
1978). Before reprducing, the overwintering popu- 
lation grows larger than the summer yopuialion. 
Fecundity is a logarithmic function of size in C m -  
phiurn, so the overwintering pspulation can produce 
more young, in a shorter time, than the summer 



Corophiurn stirnpsoni 

@ Camphiurn spinicorne 

Limnodriius spp .  

@ CorDicuIo f lurnine~ 

@ Monoyunkio specioso 

Figure 38. Ilominunt zutthnthos species across years at sampling sites in the main channel of 
the Surmmento River in the western delta. 

generation (Siegfried el al. 1978). These lit'c history 
tactics are very similar t o  those of Neomysir rnercedis. 

Annelid worms of the genus timn(xfri1is arc more 
curyhalinc than othcr members of the benthic 
community. Thcy frcquentfy dominate samplcs from 
Griuly Bay, downstream of the delta, as well as 
freshwater sites. in thc central delta. Brackish waters 
of the western delta support the greatest densities 
(California Dcpartmcnt of Water Resources 1982) 
and appear optimal for their growth and rcprcxluc- 
tion. 7hc densities and rcprcxluctive ourput of 
Limnudn'Ik spp. are  lowcr at times of higher salinity 
(California h p a r t m c n t  of Water Resources 1982). 
O n  the other hand, during the wet year of 1983 
when conductivity in the dclta never exwcded 2W 
psiemens/cn, Limnudn"iis da l ined  in reiative 
abundance (California Department of Water 
Resources 1978-XSa,b; sec  1984 data). LiBIlnadnlir 
lives in bur row as deep as 18 can, and the lower 

reaches of these burrows may serve as a refuge for 
the worm when sudden salinity changes occur at the 
surface. The ability of these worms to survive low 
oxygen conditions within their burrows and to use 
the burrows as buffcrs against environmental change 
may explain thcir greater abundance in Suisun Bay 
where salinities change frequently and in parts of the 
southeastern delta where anoxic conditions may 
regularly occur. Thus, thcse worms tend to be most 
abundant in area5 which support few other species. 
If high flows remove Llmnodn'Iis from channels they 
seem to readily recolonize from nearby populations, 
but they do  not appear to use river currents o r  tidal 
flow to distribute their young. 

The Asian clam CorbicuIa Jurninea (perhaps 
sponymous with C. munilensis), i n t r o d u d  into the 
Columbia River in 1938, had invaded the Sacramento 
River by 1945 ( G l e a o n  1984). It is now the most 
widespread and abundant freshwater clam in the 



Limnodrilus spp. 

Figum 39. Dominant zoobenthos species across years at sampling sites in the main channel of 
the San Jwquin River in the central delta. 

state. Reproduction is tied to temperature: eggs 
only develop when water temperature is between 16 
and 24 "C. These temperatures typically occur only 
in the spring and fall, and Corbicula reproduction is, 
correspondingly, bimodal. Fecundity can be as great 
as 8,000 younglyr. Young leave the parent's mantle 
cavity in a relatively welldeveloped state, attaching 
themselves to the bottom soon after emergence. 
Colonies of Corophium frequently harbor high 
densities of young clams (Eng 1979). Two thousand 
clams/mz is a common density estimate, but densities 
of up to 20,004,/m2 have been recorded (Gleason 
1984). 

Corbicula usually reproduce in the late spring or 
early summer, but in the central delta there is often 
arlolher reprduetive peak: in the late fail. High 
flours in the spring carry young clams dowrnstream to 
the upper reaches of Suisun Bay, but high fall 
salinities and scouring flows of the following spring 

appear to  prevent the establishment of large adult 
populations in the western delta (Markmann 1986). 
The fall bout of reproduction in the central! delta 
takes place when flows are lower and young clam. 
probably settle out of the water column near the 
adults. 

Growth is apparently controlled by temperature via 
its effect on phytoplankton densities. Laboratory 
studies have shown that Corbicuk cam grow through 
winter temperatures of the delta if chloropIayll a 
concentrations are sufficiently high (Ebe and Knight 
11385). However, low tempra tura  mincide with 
decreased insolation and residenw time to Iimit 
algai growth. IKers, in nature, Co&icuXa are not 
obsemd to grow at temperatures below 15 "G. 

]In the Sacramento-San Joaquilm R t t a  Corbicula 
fluminea is usually the third most abundant form of 
wben thm.  Bt is  present at ail sample sites but is 
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Figure 40. Scrgregation by depth of two species of CCKophiwn in the 
channel of the Sacrnmento River. hlcdified Cmm Ilazel and Kelley 
(1966). 

most abundant in the more freshwater, interior sites 
(California Department of Water Resources 1978- 
8aa.b; six 1985 data). In 1983, an extraordinarily 
wct year, Copbictrla rose to be the second most 
eommon genus of m)bcnthos and increased in 
relative abundance at the western sampling sites 
(Calif~jmia Department of Water Resources 1978- 
N>a,b; scr: 19% data). ?%us, freshwater flows seem 
to promote the abundance and spread of this 
specics. 

The polychaete worm Manayunfia speciosa is the 
most strictly freshwater inhabitant of the five 
dominant benthic species. Unlike other members o l  
the benthos, Manayunka speciosa is found only in 
the eastern portions of the delta. The requirement 
for freshwater makes Manayunkia unusual among 

polychaetes, which are predominantly marine worms. 
During the exceptionally high outflow conditions of 
1983, Munajjunka speciosa became extremely 
abundant. During the 1976-77 drought, the western 
delta was temporarily invaded by polychaete species 
typical of the more saline bay waters and 
Manayurtkia speciosa abundance in the eastern delta 
declined (Markmann 19%). 

Malzayunkia speciosa constructs mucus-and-silt 
tubes and lives in dense colonies of 2,00/m2 to 
50,000/m2. Adults are hermaphrodites. Eggs are 
produced either sexually or asexually and mature 
within the parental tube. Dispesal appeai-s to be a 
simple matter of the young crawling out of the 
parent's t u k  after hatching and then building their 
own tube nearby ( M a r h a n n  1986). In the 



Sscramento-San Joaquin Delta, Mannyunkjo sj~ecir~sa restrict MunayunkJa speciosa to Bow-velocity 
apparently only breeds in the spring. Its watcnvays of the eastern delta. 
requirements for freshwater and silty subst ra ta  



Larger, more mobile animals that live on rather 
than in the substrate are not well sampled by any 
procedures to monitor the delta. Although 
Corbicula could olien be included In this category, 
the epibentha is otherwise composed of arthropds. 
In the more saline waters of the western delta, the 
epibenthos consists largely of a native shrimp, 
Crangon jirancivcorurn, an introduced shrimp, 
Palaemon macralacfylus, and an introduced crab, 
Rithroprrenopeus hanisii. Further upstream the 
cpibenthos is made up of insects (Markmann 19%): 
Comphidae, Ephcmcridae, Chironomidae, etc. 'fie 
most widely distributed and economically important 
rncmkr of the epifauna is the signal crayfish 
(Pu.siJu.stacus Ieniusculus). The red swamp crayfish 
(hocamharu.s clurki) is also r e p o r t 4  to be widely 
distributed in the dclta ( H a d  and Kelley Iw). 

Pa.s~asfucus leniusculus var. Ieniusculz~s was first 
found in California in San Francisco in 1898 and was 
apparently introduced from Oregon (Riegel 1959). 
A ccmmcrcial harvcst of signal crayfish in the dclta 
began in 1970. Today, annual commercial landings 
in thc dclta average SOO,(XXl pounds (Kimsey et al. 
1982). P. lenlusculus is tolerant of salinities up to 
17 ppt and can be found in thc upper reaches of 
the San Franciscr) Bay complex. 

The two common caridean shrimp of the western 
delta arc ca,ltlgically similar (Silts 1978). Crungon 
( =Crrrgo!o) frarzci~cnrurn feeds predominantly on 
Neornysis nzcrcetii~ anti  hi^^ its dcnsest populations in 
the same areas in which N. mercedis is most 
ahundrint (Siegfried 1980). Formerly, C. 
frt~nciscon~m suppraed a large cornrncrciai catch in 
San Francisco Bay ( b n n o t  1932), hut now it is only 
taken in snrall quantities for bait (Siegfried 1980). 
Pulaenzon ntacr~dacryl~ks was introduced to San 
Francisco Bay sometime in the 1950's, probably by 
the dumping of viaicr ball& from ships rziufrling 
from Korea (Newman 1963; Siegfried 19N). l 'he 
diet of P. macroduc~Iw also wnsists iargcliy of M. 
mercedk, but the pcak abundance of P. macro- 

dac~lus is downstream of the overlapping peaks of 
C, franciscorum and N. mercedis (Siegfried 1988). 
Both caridean shrimp show the same sort of vertical 
migrations as N. metredis. During the season when 
N. m& is less abundant, C. francisconun takes 
more gammarid amphipods and polychaetes while P. 
macrodactylum takes more cope* (Knight e t  al. 
1980). 

Cranpn jiruncicicomm is more marine and 
apparently less tolerant of water quality degradation 
when in freshwater than Palaemon macrodaclylm 
(Siegfried 1980). Ovigerous femalcs are never found 
in the dclta, only in San Pablo and Suisun Bays. 
Increased osmotic stress in freshwater appears to 
prevent egg development at salinities below 15 ppt 
(Krygier and Elorton 1975). Breeding occurs year 
round but with a peak from December through 
June (Israel 1936). During seasons of high river 
outflow C. frnnciscorum is absent from the western 
dclta but abundant downstream (Siegfried 19m). 
Temperature and salinity interact in their 
physiological effects on C. franci~comm; low 
temperatura reduce its tolerance for low salinities 
(Khorram and Knight 1977). When salinities and 
temperatures rise in the western delta, C. 
franclscotum occurs in channels of the Sacramento 
River at much higher ahundances than in the San 
Joaquin River. Salinity tolerances change with the 
acclimation of individuals, so downstream 
populations are less tolerant of freshwater than 
upstream populations (Shaner et af. 1987). 

L ike  Crcangon jiranriscorum, Pafaemon 
macr0ciactyIus is apparently limited in its upstream 
distribution by low salinity, but P. macrodactylus 
tolerates lower salinities and can be abundant in the 
more degraded waters of the San Joaquin River. 
Even at periods of high river outflow, when 
saiiniiies are !owest, r". ~ttlucrdchyiurn k found in 
the western delta. Reproduction appears to tx: 
initiated by increasing photoper id  in April or May 
and continues until August. 



CHAIrlS'ER 6. FISH 

T h e  abund,int sl,ccics of fish in the dcltn (Table 
5 )  a r c  almost all introduced from thc east  m a s t  o r  
from A i a  and Europc.  ?%c ccc)logy of t h c  native 
fishes prior t o  the arrival of  European  scltlcrs is not 
w d l  hnowr-r. 'Ihe declrnc o f  rriitrvc fishes was 
presumably t h e  rcsult of habitat altcrntictn comhincd 
with the  introduction of foreign ~ [ ~ c c i c s ,  
circurnstnnccs which cont inue to bring new ch,tngcs 
to t h c  dclta. T w o  spccics wtitch were fornmerly 
abundant in thc  dclta a r c  now cxtlnct there. t h e  
thicL.tL~il c h u b  ( G ~ l a  c~rrr,.,icrrntl(i) was last sccrt in 
Cache Slough in  1958 (Mtrylc 1076), and only a few 
Sacr:~mcn t r )  pcrc h (Arcahoplirc.\ irlrc~rncpfrts ) have bccn  
observed In thc  dclta over the last 25 years, even 
though they once  supported a comrncrcial hirrvcst. 
TThicktail chuhs anci S;icramcnto perch a r c  the  most 

frcqucrit flsh remains found in middens o f  the  Patwin 
Indians which formerly inhabited t h e  Sacramento-San 
Jonquin Estuary (Schulz and  Sirnons 1973). Most  
o t h c r  native species have undergone shrinkage of 
thcir ranges o r  population sizes (Mnyle 1976), with 
t h c  d d t a  smelt (Hypomesus transpacificus) showing 
a rcccnt and severe decline (L. Miller, California 
Zlcpartrncnt of Fish and C a m e ;  p e n .  w~mm.).  

T h e  greatest efforts to introduce tlsh into t h c  
del ta  were made irnmcdiatcly af ter  the completion of 
t h e  transcontinental railway. Oysters w c r e  t h e  most 
commonly transported organism, but railway cars of 
oysters wcre  of ten  a mcans o f  bringing in various 
fish, c i thcr  accidentally o r  intentionally. Many 
spccics of fish wcre  introduced beforc 1%X), but ncw 
itrrivals have been  rcportcd in most decades sincc 
t h c n  (Table 5). T h e  history o f  intrtxiuctions has 

'I'nble 5. Abandtrncu of the fish of the Sacriimento-Sam Joaquin Delta and year of intrtdoction sr f i rs t  
atpture for non-n:ltive species. R=resirlent, A=:rnadromotts, N=nonresident visitor, M=euryhaline marine. 

Common nltrnc Scientific namc Abundance Ycar 
- -- 

Pacitic I;tmprcy 
Kivcr 1;lnrprc.y 
White sturgct-tn 
G r c e n  sturgcon 
American shad 
Threadfin shad 
Brown trout (sca-run) 
Steciheild 
Pink salmon 
Gjh t )  salmon 
Chinook (king) sailmon 

Ento.spfl~nus trirlenfcrfus 
L,(~ml)ciru uvresi 
Acipenser frunsmnnlunus 
Acipcnscr mediro,sft-is 
A (osri stzpi(lis.simn 
Dorosoma petenense 
Salmo tnltm 

0ncorllyncr'~us rrzykir..s 
Oncorirydzus pr /~uschu 
Oncorf~ynchr~s kisuich 
Oncor/tynchus [.vi~uwyischa 

Common (A) 
Uncommon (A) 
Cornman (A)  
Uncommon (A) 
Common (A) 1871 
Ahundanb (Rfi 1953 
R a r e  (A) 
Q~rnrnon (A) 
Occasional (A) 
R a r e  (A) 
Common ( A )  



Gommon name Scientific name Abundance Year 

Chum salmon 
Sockeye sairnon 
Longfin smelt 
Delta smelt 
Thicktail chub 
Witch 
California roach 
Sacramento blackfsh 
Splittail 
Hardhead 
Sacramento squawfsh 
Fathead minnow 
Goiden shiner 
Goidfish 
Carp 
Sacramento sucker 
Black bullhead 
Yellow bullhcad 
Brcwn bulIhead 
White catfish 
Channel catfish 
Blur: catfish 
Inland silvcrsidcs 
Mosquito fish 
Striped bass 
Sacramento perch 
Bluegill 
Redear sunlish 
Crcen sunfish 
Warmouth 
While crappie 
Black crappie 
Ltrrgcrnouth bass 
Smallmouth bass 
Bigxaalc fogperch 
Yellow perch 
Tuie perch 
YelI~wfin goby 
Staghorn scuIpin 
Starry flounder 
Rainwater killifish 
Prickly scuipin 
Threespine stickleback 
Chamelmn goby 

Qnccjr-hynciius kera 
OncorIzynchus nerka 
Spirinchus tha leichrhys 
IIypomesus fran\pucificus 
Gila crassicarida 
Lavinia exilicauda 
Ifesperoleucus symmefricus 
Orthodon microlepidoius 
Bopnichthys macrolepidotus 
Mylopjzarodon conoccphabus 
Ptychocheilus pnd i s  
Pimephales promelas 
Notemigorrus caysoleucas 
Cnrassius auratus 
Cyprinus cay~io  
Calostomus occidentn Iis 
Fcln Iums melas 
Ictc~lums natalis 
Icta1uru.s ncbukosus 
Fcralums cntus 
Ictalums puncfrrtus 
lc~cralunzs furccrtir 
Menidia ber).llina 
Gambusia n ffinir 
Morcjne s.uc1 tilis 
Arch~pfl'liles intcmp".~ 
Lepomis mncrocfiirus 
Le~3omi.s nmicrolo~~hw 
Lej~olomis cyrin~l1u.r 
t e p ~ m i s  gulosz~s 
Pc,mair arznulut-is 
Pornoxi~ rsigrornacularus 
MEcroptcru.~ salr?zoides 
Micrc~ieeru liolomieidi 
Percino macrc>lqida 
E3ercn jla t escens 
ijrslerc~caryus rraski 
Acanlhogobius jfrrt:imanus 
Lepfocoll&~ arrnalus 
PlaticI~~Izy,~ srcllalus 
Lucania parva 
Cozfus asper 
Gusferosteus mcrtlearus 
Tridentig-er tegoncephalus 

Occasional (A) 
Occasional (A) 
Common (A-R) 
Common (R) 
Extinct 
Common (R) 
Rare (N) 
Common (R) 
Common (R) 
Uncommon (N) 
Common (R) 
Qccasional (R) 
Common (R) 
Common (R) 
Abundant (R) 
Common (R) 
Cnmmon (R) 
Rare (R)  
Common (R) 
Abundant (R) 
G)mmon (R) 
Rare (R) 
Abundant (R) 
Common (A-R) 
Abundant (R) 
Extinct 
Common (R) 
Uncommon (K) 
Common (R) 
Uncommon (R) 
Common (R) 
Uncommon (R) 
Common (R) 
Uncommon (R) 
Common (R) 
Extinct 
Common (R) 
Gornmon (R) 
Common (M) 
Cr,mmon (h4) 
Rare (R)  
Common (R) 
Uncommon (R) 
Common (R) 



varied from phenonlenal success to complete failure. 
One species, yellow perch (Perca flavescem), was 
introduced but bccame extinct 60 years later. Other 
specia, such as pumpkinsed (Lepontk gibbosw), 
ncver survived, whiIe some, such as channel catfish 
(Ictalurus punrtatus), succcedcd only after repealed 
introductions. The most recent successful 
introductions were of inland silvewide (Menaia 
beyllirra) (Moyle et  al. 1974; Meinz and Mecum 
1977) and bigscale logperch (Percinn macrolepidotus) 
from the southeastern Urlitcd States (Moyie e t  al. 
19741, rainwater killifish (Lucania parwa) from the 
east coast of North America (Hubbs and Miller 
19651, and chameleon goby (Tridentiger 
tigonucephalus) and yellowfin-goby (Acanthogobiur 
flavimanus) from Japan (Brittan e t  al. 1 x 3 ) .  The 
documented explosive spread of yellowfin gobies 
from their first appearance in 1963 to their extreme 
abundance in 1%7 (Brittan e t  al. 1970) is apparently 
typical for most successful introductions. Other 
species continue to arrive. For instance, blue 
catfish (Icmlum furcafus) were first brought into 
California at Lake Jennings in San Diego county on 
October 23, 1x9 (Richardson et al. 1970) and were 
reported in the Sacramento-San Joaquin Delta less 
than 10 years later (Taylor 1980). Young of the 
year were found in Clifton Court Forebay in 19% 
(H. Chadwick, pers. comm.). White bass (Morone 
chrysops) have been brought into the drainage and 
may invade the estuary within the next few years. 

6.2 CON'I'KOLS OF DISTRIBUTION 

The distribution of fish species within the delta is 
based on productivity and the degree of impact that 
human activities have had on water flow. Electro- 
fishing surveys in 1974 (Sazaki 1975) found that the 
greatest abundances of fish are in the slower and 
more productive waters of the San Joaquin River in 
the south delta. However, the less degraded but less 
productive waters of the Sacramento River in the 
north delta are the predominant areas in which 
native fishes were found. Because introduced 
species are more widely distributed, the northern 
dclta supports the greatest diversity of fish species. 

The fishes of the delta, like most other aquatic 
components of the delta community, are frequently 
controlled by the amount of dclta outflow. Some 
ways in which moderately high Bows benefit fish 

gopulations are as foilows: (1) more flooded 
vegzration for species that lay eggs there, (2) more 
suitable habitat for nest construction in upstream 
streambeds that are normally dry, (3) easier access to 
upstream sites, (4) more shallow, flooded areas 
where small or young fish can avoid predators, (5) 
more easily followed environmental cues (scents and 
currents) for fish migrating to their natal streams, 
(6) dilution of pollutants, and (7) providing optimum 
conditions for f d  organisms. Fish whose popula- 
tions have k e n  documented as being tied to river 
outflows include chinook salmon, striped bass, 
splittail, American shad, and longfin smelt (Daniels 
and Moyle 1983; Stevens and Miller 1983). Water 
development projects and management strategies can 
have profound effects on these species (Stevens and 
Chadwick 1979). Some f s h  are insulated from the 
effects of variation in outflow by their use of a 
habitat type or by having a method of reproduction 
which is independent of flow effects. Several groups 
of species (is., anadromous species, resident species 
of riverine habitats, and resident species of lacustrine 
habitats) can be identified because of their shared 
responses to outflow or their use of similar habitats. 
Variation within species and in the nature of the 
delta across years prohibit any strict grouping of 
species, but some general patterns are apparent. 

6 3  ANADROMOUS SPECIES 

Adult anadromous species use the delta as a path 
to their upstream spawning sites, while juveniles use 
the path on their way to the sea. The delta is also 
a nursery area for outmigrating young. For some 
anadromous species the delta is a spawning site as 
well as part of the regular adult habitat. Cbmmon 
anadromous species of the delta include Pacific 
lamprey, river lamprey, American shad, white 
sturgeon, chinook salmon, steeihead, and striped 
bass. The latter five are e~onomicalIy the most 
important fish in the delta. 

Lamprey. Pacific lamprey and river lamprey use 
the dclta mainly as a path to and from their 
spawning sites, although some ammametes live in 
silty habitats in the delta (MoyIt: 1976; Wang 19%). 

Sfugeoa. Green and white sturgeon occur in the 
delta. Little is known of the biology of the 
comparaelvely rare green srurgeon (MoyIe 1976). if 
is assurn& to be similar to the white sturgeon (Wang 



19136), although the adults are more marine. 5Vhitr. 
sturgeon spawn b e t w e ~ n  February and May, mostly 
in the Sacramento River (from Knights Landing to 
Colusa) and in its tributaries (Stevens and Miller 
1970; Kohlhorst 1976; Moyle 1976; Wang 1986). 
Some juveniles feed in the  dclta, (Kadtke 1966) but 
most are  found west of Chipp's Island. While in the 
delta, sturgeon feed mt>stly o n  Corophium and 
Neomysis (Radtke 1966). The  number of young 
sturgeon caught in the delta appears to be directly 
related to delta outflow, but this is partly a rcsult of 
greater washout from upstream spawning sites 
(Stevens and Miller 1970). There is no apparent 
minimurn flow req uirement to initiate spawning 
activity. but survival of young sturgeon in the delta 
may be enhanced by high river outflows or  low rates 
of diversion (Kohlhorst 1980). 

The abundance of whitc sturgeon decreased from 
1967 t o  1974, but mean length of captured fish 
increased (Kohlhor-st 1980). This pattern is bcst 
explained by mntinucd growth o f  adults who have 
fililed to  reproduce. White sturgeon become of 
catchable s i ~ e  at  6-12 ycars, so  adult fish in 1967-74 
wtrriild have been producctf in the late 19SO's o r  early 
19CA)'s. Three reasons for impaired reproduction by 
this age class have bccn suggested (Kohlhorst 1980). 
Afrcr 1958 the volurr~c of watcr exported from the 
delta greatly increased, rcsuiting in the entrainment 
of young fish and thc  disruption of spawning 
migrations. Samples of sturgcon gonnds in 1975 
indicated concentrations o f  polychlorinated biphcyls 
(PCB's) of 24 p p m  in thc eggs. PCB conccntrations 
of 3-7 ppm in other spccics have bccn shown to 
irtcreasc egg and larvae mc)rtality. PCB's were widely 
used from 1930 to 1940 arid concentrations in tish 
from thr: 1950's and lc16O's may represent simple 
bitraccumulation. Finafly, spawning stctck size 
appears to undcrga norn~aI fluctuations that may be 
partly rcsponsiblc for 2% small spawning stock. Sincc 
1W4, s turgciln popul:%tic>ns in the delta have bcen 
increasing. iIowcver, although mote young are 
produced, their growth rates arc still lower than 
found k)r sturgeon in I953 (Kohlhorst e t  al. I9SU). 

S a b n  All frve spccics of Pacific wcst coast 
salmon have hccn recorded Crom the Sacramento-San 
Jartquin Estuary; in order of abundance these are 
chinook, chum, pink. sockeyc, and coho salmon 
(0~cc)rIrynchrts ssiznwysclan, 0. kercl, 0 prhirrchn, 0, 
n~rkn ,  and 0. kisufch) (Hallock and Fry 596.9). 
Only the  chinook, or  king, salmon occurs regularly. 

Four races of chinook salmon spawn in the 
Sacramento-San foaquin river system: a fall ma 
from $uiy to Bccen~her  k g i n s  s p a w i n g  in O c t o k r ,  
a late-fall run from October t o  April begins s p a w i n g  
in January, a winter run from mber to  July 
begins spawning in April, and a spring run from 
April t o  October begins spawning in August. Thus, 
runs can occur in all months and, although n o  
spawning takes place in the  delta, the  large adults 
migrating through have been dramatic features of the 
aquatic environment. Because the adults rarely feed 
once they enter frcshwatcr, their impact on  the  
ecosystem is slight. Fry are  abundant in the  delta 
from February to April (U.S. Fish and Wildlife 
Service 1987). Out-migrating smolts appear in the  
delta mostly from April to June (Sasaki 186tjc; Wang 
19%). In their natal streams the juveniles are drift 
feeders, while in the  delta their diets consist of 
Neomy.sLi, arnphipods, and shrimp (Wang 19%). 

Formerly, the spring run of chinook salmon 
contained a large population that oversummered in 
cool, deep pools of upper Sacramento River 
tributaries, such as the McCloud or  Pit Rivers, 
before spawning in the  fall. Shasta Dam and other 
water developnlents have eliminated access t o  most 
of these habitats, and this run has declined sharply. 
The summertime releases from Shasta Dam a re  
from the bottom of the  dam, making the summertime 
flows of the Sacramento River greater, more 
constant, and cooler. This situation has apparently 
favored the fall run, which spawns in the  main 
Sacramento River (Moyle 1976). Most of the $44 
million derived from this f ihe ry  (Meyer Resclurces 
Inc. 1985) is based o n  this run. The  winter and 
spring runs are  now very low, and efforts are  being 
made to place them o n  the State and Federal lists of 
threatened species. 

Variations in river flow affect salmon in several 
ways. High flows permit adults t o  spawn in small 
tributaries o r  to pass dams, but the young produced 
may be  stranded after water levels decline. 
Nonetheless, this feature may permit rehabilitatd 
streams to recover their salmon runs. High volumes 
of water prevent the reverse f l o w  characterizing the  
lower San Joaquin River, thereby allowing Sasl 
Joaquin fish to  avoid swimming "upstream" to the  
export pumps (Sasaki I%&.). Finally, high runoff 
permit. down-migrating juveniles to ascape predation 
more effectively by hiding in emergent vegetation 
(Stevens and Miller 1983). Cross delta flows, 



increcascd water temprarures, and entrainment into k g i n  their spring spawning runs as; early as 
water divenions are probably the fe'eatura rapomible Sep temkr  (Steverns 1972), but they do not become 
for the loss of many fry and srnolts from the delta abundant until April and May. S h d  spawn in May 
(U.S. Fish and Wildlife Sewice 1987). Particularly and June, and by July the adults are nearly absent 
for San Joaquin River srrtolts, survival is highly from the delta (Stevens 1%). Males begin 
correlated with river flow (Stevens and Miller 1983; spawning at the age of 3 or 4 and females generally 
U.S. Fish and Wildlife 'eniu: 1987). at the age of 4 o r  5, although spawning individuals 

of either sex have been found at 2 years of age 

Steelhead, which are anadromous races of rainbsw 
trout, are ecologically simiiar to salmon and have 
little impact on the delta community. Juveniles stay 
in their natal stream for 1, 2, or wasionally, 3 years 
prior to entering the ocean (Moyle 1976). As they 
pass through the estuary the juveniles feed on 
Corq~hium, various small crustaceans, and small fish 
(Sasaki 1966~).  'They are found in ail habitats of 
the delta, but the length of time individuals stay in 
the dd ta  and the delta's importance as a nursery 
area are unknown. Canstruction of Shasta Dam 
blocked acccss to about half of the suitable 
steeihead spawning sites in the Sacramento River 
drainage. Much of the salmon and steelhead 
production is now conducted at the Nimbus and 
Coleman fish hatcheries. 

S M  American shad were introduced in the 
1870's and 1880's, at the height of silt deposition in 
the estuary from hydraulic mining (Hedgcpeth 
1979). Their semi-demcrsal eggs are kept in the 
water column when current velocities exceed 1 m/s. 
American shad eggs have wide perivitelline spaces, 
presumably to protect them as they bounce along the 
bottom; the chorion of the shad eggs is also 
particularly tough and thick (Wang 19%). Onc 
requirement for successful reproduction of striped 
bass, and probably American shad, is sufficient water 
velocities to keep the eggs and larvae suspcnded 
 mei in^ and Heubach 1978). The explosive spread of 
American shad in the Sacramento-San Joaquin 
estuary was probably enhanced by having eggs that 
could not be smothered by silt. The scmi-dcmcrsai 
eggs also serve to concentrate the young in the null 
Lone where their zoopIankton food is also 
concentrated--at least for striped bass (Stevens 1979). 
Both species spawn within the delta and avoid much 
of the habitat alteration and dewatering that have 
affected native anadromous species (Stevens and 
Miller 1983). 

As with salmon, American shad spawn rnostfy in 
waters of the Sacramento River. American shad 

(Wkom 1981). Once an individual b e g h  spawni&, 
it spawns annually until death. California 
populations of American shad apparently differ from 
the native populations on the east coast in that they 
feed as they swim upstream (Stevens 1%). Stevens 
(1%6) reported many stomachs filled with Neomysis 
(as many as 4,000 shrimp/stomach) with smaller 
quantities of copepods and cladocerans. Number and 
identity of food items in adult shad stomachs closely 
reflect the available zooplankton popuiations. Young 
shad begin their downstream migration as early as 
July, and by December they are almost completely 
gone (Stevens 1972). Food of young shad seems to 
be mostly copepods and cladocerans (Stevens 1%6). 
River flows apparently affect shad populations 
primarily through their effects on habitat availability 
(Stevens and Miller 1983). 

American shad populations expanded very rapidly 
following their introduction in 1871. A commercial 
shad fishery existed by 1879. From 1900 until 1945, 
the commercial catch was frequently 1 million pounds 
and rose in 1917 to  5.6 million pounds. After 1945, 
shad populations declined, and in 1957 commercial 
fishing in the delta was banned (Skinner 1x2). 
Formerly, American shad spawned throughout the 
estuary (Nidever 1916; Watton 1940), but now only 
the upper reaches of the north delta are used 
(Stevens 1%; Painter e t  al. 1977). The decline in 
shad populations scerns to be most closely l i d  to 
water diversions. Upstream reservoirs reduce the 
amount of spring outflows and so may fail to attract 
adults upstream and fail to transport young fish lo  
appropriate nursing areas domstream. Diversions 
within the delta entrain many shad and may reduce 
xx~plankton abundance by decreasing residence times 
of water in the delta. The decline of shad 
populations coincides with the construction of Shasta 
Darn. Operation of Shasta Dam has changed the 
delta from an estuarine to a frahwater system, so 
the sirnu!tancout; declines in a n a d r o n o s  species, like 
shad, and increasa of freshwater species, like 
channel catfish, are not surprising. 



B a -  The  breeding biology cof striped bass 
is very simirar to that of American shad and their 
successful introduction into California may, perhaps, 
be attributed to  their silt toterant eggs. This may 
have been particularly important since chinook 
salmon (the native, anadromous, predatory fish) were 
probably decimated by hydraulic mining at the  same 
time striped bass were intrtxluccd. As with 
American shad, most reproduction of stripcd b a s  
takes place in the waters of the Sacramento River. 
In most years the high concentrations of total 
dissolved solids in the lower San Joaquin River block 
the upstream migration of most striped bass (Farley 
1966; Radtke 1%). Timing of spawning in striped 
bass appears to  be set by temperatures near 15 "C; 
in cooler, wetter years many bass migrate as far 
upstream as Red Bluff, while in warmer, drier years 
most spawning occurs before the fish have moved 
past Sacramento (Farley 1966). Similarly, striped 
bass that spawn in the  San Joaquin River d o  so  as 
much as 1 month earlier than those in the 
Sacramento River, and this has been attributed to 
the higher tempcrature of that water (Chadwick 
1958; Wang 1986). 

Male stripcd bass bcgin [heir spawning runs in latc 
March o r  early April and are followed by the 
females, which arrive in late April and early May 
(Radtke I%&I). Differences in temperature between 
yeais and in direction of migration, as already noted, 
can affcct the tinling of these runs. Spawning is 
usually complctcd by May (Farley 19Ch) but has been 
reported as early as April and as latc as June 
(Scoficld 1931; Calhoun et al. 1950; Erkkila c t  al. 
1950; Chadwick 1958; Moyie 1976; Wang 19%). 
Adutt striped bass a re  almost strictly piscivorous 
(Thomas 1967), taking a wide variety of prey but 
particularly young striped bass and threadfin shad. 
XIowcver, they d o  not feed heavily during their 
spawning migration and so  have little effect o n  fish 
populations within the delta (Stevens 19Ch). Some 
adult striped bass remain within the  delta all year, 
often in the expanse of upen water in Frank's Tract 
(Radtke 196h). 

Young striped bass u>mmonly stay within the  delta 
for up  to 3 ycars. When fish are smallest, copepods 
constitute their most common prey (Weubach e t  al. 
1%2; EIdridge et al. 1981), hut by the time the  bass 
are 3 months aid, Neomyrir is the dominant dietary 
item (Stevens 1966). Seasonal abundances of young 
threadfin shad and of Neomysis appear to cnntrol the  

diet of young striped bass, with larger individuals 
getting progressively better able to catch shad even 
at low densities (Figure 41; Stevens 1966). In thcir 
Farst year striped bass ea t  invertebrates almost 
exclusively. By thcir second fail (when shad are 
abundant and Neomysis are scarw) thcir diet is half 
fish, but it returns to almost 90% Ri'eomysis when 
that prey is abundant. This patlcsn continues 
through the  next two falls bur with a gcncral 
increase in the use of fish at all seasons. Within the 
delta Corophium are  sometimes a significant portion 
of the  diet (Stevens 19Ch). 

For many years there was a close relationship 
bctween spring outflows and rcproductive sucwss of 
striped bass (Turner and Chadwick 1972) and 
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Figure 41. Contributions of vertebrete and inverte- 
brate prey to the diets of four size classes of striped 
bass across seasons of differing abundances of 

ost common invedebmte 
is icarst abundant daring 

the fall season (F) and most abundant during the 
spring season ( S ) .  Mdified h m  Stevens (1966). 



krwccia sprang outtlo-m and the stdsbival o F  young 
(Stevens 1977a). S inw the drought of 197677, 
t h c x  rcl;!tionships ha\e broken dor*n, with the 
:tbund,incc of young striped bass a i w n y ~  lower than 
cul~:ct~ci. r%I~ny rcawns havc ken propwd  for the 
lu\~erctl pnduc6ion hut those nit& ssciowiy 
considcrcd (Stevens el ai. 1985') arc as EoHous: 

(1) Adult populations havc declincd to Ievcls 
insuflicient 10 pnduct: enough c g s  to pcrn~it  
population growth. 7 h e  principal objection 
to this tf-raory rests on  the observation that 
average fccundities of individual fish are 0.5 
million eggs and can ke as high as 2 million 
(Moyie 1976). lnhcrent in this ot>jc.ction k 
thc  &sumption that young striped bass are 
controlled by density-dependent prt-xx'ises, so 
that fewer young imply greater survival rates. 
Entrainment in water cliversions and toxic 
c f f ~ t s  o f  chemicals tm the environment arc  
two density-indcpcndcnt factors that may kill 
many young striped bass in the delta. An 
additional oijection to the role of limiting 
adult population sirz: is the observation that 
the initial intrcxluction wnsistcd of a rnuch 
smaller population than currently available. 
This ovcrlcxks the substantial changes in the 
dcfta since 1871. 

(2) f'lankton faxi  supplics were particularly 
de~xe,cscd following the drought and this may 
limit growth of young striped bass. Phyto- 
plankton b1cx)ms in the central dclta have 
coincided with shutdowns o f  the Tracy 
pumping plants, implicating lower residence 
times rn the  decline of pnductivity. 
Alternatively, much of the variability in 
srripcd bass abundance can he ass t~iared  with 
variance in biological oxygen demand within 
the dclta, and it has k e n  suggcstcd that 
bcttcr sewage treatment has r d u c c d  delta 
productivity. The  average densities of 
ztx~piankton in the delta have not changed 
greatly, but calculations of demitics where the 
striped b w  begin f e d i n g  show a very 
marked decline. In any case, it seems evidcnl 
from i ab ra to ry  delerrninatictns of the f t d  

requirements of young stripcd h , ~ ?  (Daniel 
1976; Eldridge et al. 1981) and recorded 
densities :>f zx?p!snk!ttn in the Ecid (Danitl 
1976) that t he  only young striped bass apt to 
survive are thr~se  that find themselves in 

unusually dcnse patches of prey. The  size 
and density of such patches seem to have 
declined since the 197677 drought. 

(3) h%any young siripcd bass are l ~ ~ a  through 
entrainment i1.110 water diversions. Thc 
punaping plants at Traty, coolant intakes at 
power plants. and agricultural uses are the 
principal siles o f  such entrainment. O n  
average the three main diversictns take up  to 
3(X) m3/s, 90 m3k, and 110 m3/s, respectively 
(Chadwick et al. 1977). The  conmntration 
of young bass and bass eggs. at least in the 
agricultural diversions, are equal to the 
conc;entrations in the sloughs (Allen 1975). 
S t r i p d  bass losses were estimated to he: 869 
million in 1978 and 910 million in 1979. 

(4) Toxic chemicals have k e n  found in the delta 
at concentrations sufficient to kill striped bar% 
(Finlayson and Lew IYtlR), hut the txxurrence 
of such high concentrations is probably rare. 

Thcse factors may all interact, and their effccts 
may be cxnccrb:ited by effccts of temperature and 
disscllvcd oxygen fluctuations that may limit the 
distribution of striped bas$ within the dclta (Coutani 
198535). 

S p i e s  that do not migrate from the delta must 
tx able to survive thcrc year-round. The delta's 
conditions were formerly much more variable and 
harsh than the present, highly managed situation. 
Mtrst native resident species are charactcriad by 
b r d i n g  biologics which minimijsc the impact ttf 
annual variations in detta o u t f l ~ w .  but many are 
apparently sensitive to the drastic habitat changcs 
that characterize rntmt of the delta. Most current 
rwident fishcs in the deiaa are not  native; most of 
the endemic fauna have ddeclined in abundance o r  
range. Nativc resident fishes occur primarily in the 
more saline habitats of the  western dclla o r  in the 

prtxfuctive waters of  the Sacramentc) River, 
which are avoided by most of the i n a r t d u d  fish 
s ~ w i c s .  

Fecddaag t Jnlikr rfre irlts+ncd;uced apecia ,  c;ich 
native s p i t 3  has a distinctive diet o r  foraging 
rntxle. Spiitiail (F"ogonisjzfhys macrolt.pl$orus) are 



exceptionally euryhaline compared to othcr q p r i n i h .  
They are  distributed wideiy through the dclta, but 
are  particularly abundant in the western delta and 
Suisun Bay. Splittail are the only resident specim 
that have been shown to be controlled by patterns 
of delta outflow; they spawn on  flooded vegetation 
and presumably years of high water providc more 
suitable habitat (DanieIs and Moyle 1983). Their 
barbels, large upper caudal fin lobe, and downward 
oriented eyes indicate that splittail are bottom 
browsers (Moyle 1976). Gut-content analyses show 
that they consume invertebrates, particularly 
Neomysis in Suisun Marsh (Herbold 1987) and 
amphipods or  clams within the dclta (Caywood 
1974). Blackfish (Orthodon microkeyorus) and hitch 
(Lavinia erilicauda) are  most abundant in the lower 
San Joaquin River near Mossdale where 
concentrations of dissolvcd solids are frequently high, 
and most mn-native species are rarely found (Turner 
1966c). Both blackfish and hitch feed in midwater, 
blackfish primarily on phytoplankton or organic 
dctritus and hitch o n  zooplankton (Moylc 1976). 
The piscivorous Sacramento squawfish (B~~chochcilus 
h~c~ndis) and the  bottom-hrowsing Sacramento sucker 
(Cr~fo.~tomus occidenrra1i.s) are l i~und more frequently 
in uppcr parts of the rivers than in thc dclta. Tule 
perch (Hy.sterocorprr.s ~rtrski) and prickly sculpin 
(Cotlus asper) feed on  bottom invcrtcbrates, but tule 
perch are  bottom pickcrs that concentrate on 
Coropltiurn while prickly sculpins arc lie-in-wait 
prcdiltors that feed on large invertcbratcs and small 
Gsh. Introduced resident fishes include: ycllo\bfin 
goby, common carp (C'jpritzus carpio), and various 
caiflsh and sunkish. 711c dicts of these fish in thc 
dclta hzivc not bccn thoroughly described but all arc 
bc)ttorn browsers on a wide arr;y of prcy, including 
mysid shrimp, inscct larvae, and mpcpocis. Larger 
catflsh are piscivorous. 

Breedirng. Most OE the native rcsidcnt species 
appcar trr brecd mostly in tributaries of the dclta 
(Moyie 1976; Wang 19%). Tuic pcrch hrecd within 
thc delta, but by giving b i ~  ih to Live young they 
minimize any imp;rce of variations in river outflow. 
Similarly, prickly scuipins avoid the effects of 
environrnzntal fluctuaiions by laying their eggs on  
the underside of submerged rocks or  trccs w h c ~ e  the 
males guard the  eggs (Wang 1986). 

West building is 3 reprodcctiue strategy used hy 
some of the most successfully introduced rcsidcnt 
species. Bullheads and catfish (family Ictaluridae) 

and suntTsh, crappies, and 'largemouth bass (family 
Centrarchidac) ail raise thsis young in nests. In 
addition, most of tkcse spec ia  are iscjlated from the 
effects of outflow variation by living in eke stdi 
waters of dead-end sloughs in the castern portion of 
the dclaa (Turner 1966~). Two sxceptions to this 
pattern of habitat selection are the white catfish and 
channel catfish. The white catfish is apparently more 
tolerant of dissolved solids than any other catfish, 
since it occurs throughout the delta and down to 
Suisun Bay in salinities of 8 ppt (Turner 1 W ) .  
Perhaps as a cmnsequence of this tolerance it is the 
most abundant catfish in the  dclta, acu~unl ing for 
95% of catfish caught. It also is the most p ~ p u l a r  
warmwater sportfish in California (Turner 1966~). 
Channel catfish are morc stenohaline than white 
catfish and are  found most commonly in the larger 
channcls of the Sacramento River. Repeated efforb 
were made tct introduce this species from 1874 t o  
1940 when a self-reproducing population was finally 
established (Moyle 1976). Thc success of this 
introduction coincides with the  construction of Shasta 
Dam and the greatly reduced incursion of saline 
waters into the delta. Yellowtin gobies lay their 
eggs in a burrow. In Japan this species is 
catadromous, moving down into more saline mudllats 
t o  spawn (Wang t486).  Yellowfin gobies are 
abundant in the dclta, and thcir ecoloby needs more 
research. 

Four introcluccd cyprinids reside in the dclta, 
exhibiting three rcproductivc strategies that minimize 
thc risks of brccding in a variable environment. 
Carp and goldfish d o  little brccdit~g within the dclta; 
instead they appear t o  migrate up the  rivers to morc 
Freshwater ci)nditions (Turner 1966~) .  Breeding in 
the delta seems to bc  concentrated in quieter water 
such as in Frank's Tract or  in dead-end sloughs 
(Wang 1986). Both species are  hottom-feeding 
generalists and are found most commonly in the San 
Joaquin Rivcr where dissolved solids concentrations 
arc high (Turner 19%~).  Fathead minnows (Pime- 
phales pronzc1u.s) and goldcn shiners (Notemigoniu~ 
cr)soIucas) have probahly been distributed throughout 
the delta as bait releases by fishermen (Wang 19%). 
Fathead minno\a/s arc common only in localized 
patches, gcizerally in small creeks (Wang 19%). 
Thcy build nest>, guarded by the males, in shallow 
water (Moylc 1976; Wang 19'86). Golden shiners are  
more widely distributed, risualiy ocaurring in still 
watcr in associalion with centrarchids. They exhibit 
no parental care or  migration but frequently 



safeguard their eggs by laying them within the nests 
of centrarchids (Wang 19%). 

Shad Threadfin shad breed by broadcasting their 
eggs and milt. Their high fecundity and rapid growth 
compensate for the presumed high mortality of eggs. 
The breeding season in the delta is prolonged (Wang 
19%); this may permit the population to reproduce 
successfully in the face of  any variation in flow. 
Threadfin shad cat copepods and c ladwrans  (Moyle 
1976) and are eaten extcnsivcly by striped bass, 
largemouth bass, and other centrarchids (Kimsey and 
Fisk 1964). The threadfin shad is one of the most 
numerous fish species in the delta. 

Smelt Delta smelt and longfin smelt are native 
planktivores which are similar in their breeding 
biology but differ greatly in their response to 
outflow conditions. Between 1967 and 1978 longfin 
smelt in the delta varied in abundance by a factor of 
450, while delta smelt in the same period varied only 
by a factor of 5.3 (Stevens and Miller 1983). In 

Figure 42. Mean catch of delta smelt per trawl 
across 17 years. Data are from trawls performed 
by California Fish and Game in the course of 
regular sampling of striped bass abundance. 

recent years, however, the delta smelt population has 
plummeted (Figure 42). Both species migrate into 
the delta in winter and lay their adhesive eggs 
between December and May, but delta smelt tend 
to spawn later than longfin smelt (Radtke 1966). 

Longfin smelt abundance is closely correlated with 
outflow for all months from February to September, 
while delta smelt abundance is not significantly 
correlated with outflow of any month (Stevens and 
Miller 1983). Diets of the adults of these two 
species show little overlap; longfin smelt eat 
predominantly Neomysk, whereas delta smelt eat 
mostly copepods and cladoeerans (Moyle 1976). 
Delta smelt distribution seems t o  be tied to the 
presence of the entrapment zone; there is a 
significant correlation between the catch of delta 
smelt in midwater trawls and intermediate 
conductivities of water in the area where the trawls 
were made (Herbold 1987). 

Cenu-a* A variety of sunfish, crappie, and 
black bass reside in the delta year round, principally 
in dead-end sloughs. Bluegill, the most abundant 
sunfish in the delta, and the less abundant green 
sunfish are widely distributed. Warmouth are more 
restricted to  dead-end sloughs and the western delta 
(Turner 1Wb;  Sazaki 1975). Although 1963-64 
surveys reported no redear suntiih, Sazaki found 
them in the northeastern delta in 1974, while surveys 
in 1984-85 found them to be more abundant and 
more widely distributed within the waters of the 
Sacramento River (California Department of Fish 
and Game 1987). 

Both black crappie and white crappie occur in the 
delta but black crappie are much more abundant, 
particularly in the western delta (Turner 1966b; 
Sazaki 1975). Largemouth bass are the dominant 
black bass of the delta with smallmouth bass 
restricted almost entirely to the easternmost delta 
waters. As with the other centrarchids, the black 
basses are most often found in the still, rich waters 
of dead-end sloughs. 



MI amphibians found in the  delta (Table 6 )  occur 
predominantly in the  marsh or riparian habitats, 
except f California slender salamanders 
(Batrachoceps atfenualus) and arboreal salamanders 
(A~zeides luguhris) which occur in upland habitats. 
Bullfrogs (Rana catesbeiana), an introduced species, 
are now abundant and widely distributed. 

Massive hunting efforts to supply San Francisco 
restaurants with frog legs in the latc 1800's 
deci~natcd populations of native red-legged frogs 
(Rnrza nurora), which were formerly abundant in the 

Central Valley. Only the  female red-legged frogs 
were of sufficient size to  interest the froggers, and 
this may have prompted the introduction of 
bullfrogs because both sexes are  of sufficient size 
(Jennings and Hayes 1985). The effects on 
reproduction were much more severe, therefore, on 
red-legged frogs than on bullfrogs. This disparity in 
selection pressure may Rave contributed to  the 
subscqucnt domination of the valley by bullfrogs 
(kIayes and Jennings 19%). Predation by intrtduced 
fishes probably also played a large role in reducing 
populations of the  red-leLggcd frogs (Moyle 1973). 

'Fable 6. Amphibians of the Si~crirmento-S;ln Jonqnin delta and their distributions within habitut types. 
Modified from U.S. Army Corps of Engineers (1979) und IZoIlims (1977). IIabibt abbreviations: 
Aq=Aqtlatic, Ag=Agricolitural, M =M:irsh, K= Riparian, t!p=Upland, and Ur=Urban. 

Common name Spccics IIabitat Abundance 

Bullfrog 
Kcd- tcggcd lrog 
Foothill-ycfiow- 

Icggcd frog 
Pacific trcc frog 
Weslcrn spatltlfoot 

load 
Western toad 
9 *. I igcr salamandcr: 
Yellow-cycd 
s;iinmandcr 
C'aiiftrrnia slcndcr 
salamander 
PaciGc giant 
salnmandcr 
Arboreal saiamandcr 
Caiiforiiia newt 
Rough-skinned newt 

Common 
Rare 
Uncommon 

Common 
Common 

Common 
Uncommon 
Qccasional 

Occasional 

Uncommon 
r,,,,,, 
Occasional 



Bullfrogs bavc supported sport and cornmercial 
fisheries in the Gentral Valley, but pr~puiations have 
declined since the 1960's (T~eanrsr 1983). Bullfrogs 
enter hibernation as late as Novembcr and cmerge 
as early as February (Trc:inor 1983). 

Most reptilcs of the dclia (Tablc 7) arc somewhat 
rcsts~cted to upland or agricultural habitats. The 
01114' common aquatic reptiles arc western pond 

turtles (Clemmys marmorata, abundant), the western 
aquatic garter snakes (Thamnophh couchi, 
occasionally found in the delta), and giant garter 
snakes (Thamnophis couchi gigas, listed as threatened 
by the California Department of Fish and Game). 
Reptiles are the only animal group in the delta with 
no successfuliy introduced species, although 
occasional red-eared sliders (Chrysemys picta) are 
found as a result of the release of pet turtles. 

Table 7. lteptilles of the Sacramento-Snn Jonquin Delta. 

Common name Scientific name 

Pacific pond turtle 
Western fence l i~ard  
Sidc-blotched lizard 
Coast horned lizard 
Western skink 
Gilbert's skink 
Western whiptail 
Southern alligator lizard 
Northern alligator l i~ard 
California legless lizard 
Rubber boa 
Ringneck snake 
Sharp-tailed snake 
Racer 
Coach whip 
Striped racer 
Aiameda striped racer 
Common kingsnake 
Common gartcr snake 
Western terrestrial 

gartcr snakc 
Westcrn aquatic garter snake 
Giant garter snake 
Western rattlesnake 

CIemnzys nzannora fa 
Scleroporus occidentalis 
Uta sfansburiana 
P/zrynosoma coronafum 
Eumeces skiltonianus 
Eumeces gilberti 
Cnemidophorus figis 
Gerrhonotus mulficarinatus 
Cerrhnnotus caeruleus 
Anniella yulchra 
Charina boffae 
Diadophis puncratus 
Contia fenuis 
Colubcr constrictor 
Mnsticophis flagellum 
hfri.slicophis Ialeralis 
Mnsticophis lateral6 eu~xanfhlcs 
Lampropelt6 getulus 
2Xamnophis sirtalis 

Thamnophb elepns 
Thamnophis couchi 
Thumnophis couchi gigas 
Crora lis viridis 



Fifty-two mammal s p i e s  are reported in the  
Sacramento-San Joaquin Delta (U.S. Army Corps of 
Engineers 1979; Table 8) although others in 
neighboring areas (Trapp et al. 1984) can be 
expected as rarities. 

8.1 FUNCTIONAL ROLES 1N 
DELTA COMMUNITIES 

Mammalian herbivorcs may hc of major 
importance in wetland and riparian habitat because 
of their consumption of plant material, effects on  

vegetation structure, and disturbance of the physical 
environmcnt. The i n t r c x l u d  muskrat (Ondatrra 
zibethkus) and, to a lesser extent, the beaver (Castor 
canadensis) are particularly important because of 
their size and abundance. 

The muskrat is found in most aquatic habitats, 
including marshcs, ponds, lakes, riparian 
communities, and ditches (Wilner et al. 1980; Perry 
1982). Muskrats are opp~rtunist ic herbivores, 
feeding on a variety of aquatic and terrestrial plants. 
They use burrows in banks, and if sufflcicnt 
emergent aquatic vegetation is present, they build 
nest5 and feeding platforms of floating vegetation. 
Like those of the beaver, the entrances o f  muskrat 

Table 8. Mammals of the Sacramento-San Jolrqnin Ilella and their distributions within habibt types. 
From U.S. Army Corps of Engineers 1979. Asterisks indicate species dependent on riparian or wetland 
habi&ts. A AE fndiates species whose wcusrence in the de lb  is marginal, either because prefermd habihl 
is lacking o r  the s p i e s  is at the edge of its range. FE=E'ed. Endangered. SE=State Endangered. 
==State Thmtened. ' ~edemt  candidate species. Ilnbibt abbreviations: Aq=Aquatic, &=&riculbnra1, 
M=Mamh, R=Kipurian, Up=Upland, and Ur=Urban. 

Common name Specicx Habitat Abundance 

(>pussurn* 
Trowbridge shrew# 
Vagrant shrew* 
Ornate shrew* 
Suisun shrew"#? 
Broad-hand& mole# 
Little brown rnyotis# 
Fringed nnyotis# 
tong-eared myotis# 
California myotis 
Yuma rnyotis 

G m m o n  
6=r)mrnon 
common 
Occasional 
Qccasional 
Occasional 
Ouasional 
Occasional 
Occasional 
Common 
Common 

(Continued) 



'Table 8. (Concluded) 

Commctn name Habitat Abundance 

Long-legged rnyolis# 
Silvery-haired bat# 
Western pipistrellc 
Red bat 
Big brown bat 
Hoary bat 
Townsend's big-eared bat 
Pallid hat 
Brazilian free-tailed hat 
Black-tailed jackrabbit 
Audubon cottontail 
Brush rabbit 
Calif, ground squirrel 
Wcstcrn gray squirrel* 
Valley pocket gopher 
ticcrrnann kangaroo rrtt 
Snn Joaquin pocket mouse 
Beaver* 
Wcstcrn harvest mouse 
Salt marsh 

harvest mouse*# FE SE 
California mouse 
Dcer mouse 
Brush mouse 
Dusky-fboted wtxxirat 
California vole 
Muskrat* 
Norway rat (introduced) 
li3lnck rat (introduced) 
IJousc mouse (introduced) 
Coyote 
(;ray fox* 
Red fox 
San Joac~uin 

kit fox# E%; ST 
Bobcat 
Rifcc(x)n* 
Ringtail* 
Longtailed wcasei 
Mink* 
Badger 
Spotted skunk 
Striped skunk 
River otter* 
Black-tailed deer 

Reithrdontymus ravivcntrk 
Pervmy,scus cal~omirus 
Peromyscus maniculatus 
Peromyscus hoylei 
Neoroma fuscipes 
Microtus crilifomicus 
Ondntra zibethicus 
Raftus nonze@cus 
Rattus rattus 
Mu.s musculus 
Canis lutrrtns 
Urcxyvn cinereonrgenrew 
Vube.s fi~lva 
Vulpes marrotus 

Lynx rufus 
Ppocyon lofor 
Bassrrriscus astutus 
Mustela frennra 
Mustela visvn 
Taxidea ic&s 
SpilijguIe purvn'us 
Mephitis mephitis 
Lulra canadensis 
Ouocoileus hemionus 

Occasional 
Occasional 
Common 
Common 
Common 
Common 
Uncommon 
Occasional 
Occasional 
Common 
Common 
Occasional 
Common 
Occasional 
Common 
Uncommon 
Uncommon 
Common 
Common 

Uncommon 
Occasional 
Common 
Occasional 
Common 
Common 
Common 
Common 
Common 
Common 
Occasional 
Occasional 
Unmmmon 
Uncommon 

Occasional 
Common 
Uncommon 
Occasional 
Common 
Owasional 
Occasional 
Common 
Common 
C'onirmon 



burrows may be helow water level, rnaking detection 
of burrow systems difficult. Muskrat feeding and 
nesting create openings in wetland vegetation which 
have been shown to attract other wildlife species, 
including waterfowl, in some areas (Welier and 
Fredcrickson 1974; Weller 1981). Muskrats may 
attain high population densities, and during these 
times, harvesting of food plants and nesting material 
may remove a significant fraction of the plant 
biomass. These "eat-outs" (Lynch et al. 1947; Weller 
1981; Perry 1982) may require several years before 
recovering. Such dramatic effects on vegetation 
structure appear to be lacking in the delta, perhaps 
bccausc the delta lacks extensive marsh vegetation, 
and much of the habitat used by muqkrats is 
discontinuous. 

Beavers prefer water with slow-to-moderate flows 
and access to appropriate ftxds. They have been 
described as "chcx~sy generalists" (Jenkins and Busher 
1979), since they eat various focxis depending on 
availability, but have definite preferences among the 
available plant species. They eat a variety of aquatic 
and woody riparian plants, the latter primarily in 
winter (Jcnkins and Busher 1979; Hill 1982). 
h a v e s ,  rtmts, or bulbs of aquatic plants may be 
eatcn. In the dclta, beavers eat roots, bulbs, grasses, 
cattails, tulcs, and the bark and twigs of wcmdy 
riparian plant% (Grinnell et al. 1937; Tappe 1942). 
Among thc wixdy planh, beaver prefer (in 
decreasing c.rrder) cottonwtwd, willo)w, and alder 
(Skinner 1972). Grinnell et  al. (1937) b u n d  that 
cattail stalks and willow bark were the most common 
diet items in fall and winter. Beaver dcnning habits 
depend on habitat type. In large lowland waterways, 
such as the dclta, flows are extremely variable, and 
beavcrs reside in burrows rather than constructing 
lcxlges and dams. Tappe (1942) suggested that levee 
construction allowed beavers t o  become more 
abundant in areas subject to inundation. A r e a  in 
the dcfta with suitable ftxxl plants are disumtinucrus 
and small, Intcwicws with trappers (Tappe 1942) 
suggested that beavers are more transient in delta 
hahitats than in other habitats; this may be rclated to 
the disiributitrn of suitable habitat o r  the lack of dam 
and lodge crjnstruction in dclta habitats. Beavers are 
sensitive to habitat loss (Williams and Kilburn 1984). 
In the dclta, the most significant habitat losses are of 
aquatic vegetation and w d y  riparian plants. 

Muskrats and &avers affect the physical 
environment by their burrowing and foraging 

activities. Both dig extensively for roots and 
rhizomes of aquatic plants. While digging for such 
f&, muskrats disturb marsh suils and remove 
plant structures that stabilizx: such suils. Extensive 
digging, which can occur during population highs, 
can result in significant erosion loss of marsh soils 
(Wilner et al. 1980). 

Several predators in the delta are important 
consumers. Well-known omnivores, raccoons, 
opossums, and striped skunks, are common. A wide 
variety of plant and animal matter, including berries, 
fruits, insects, small mammals, birds, and carrion are 
foods for these species. Skunks have been reported 
as important predators on shoveler and mallard 
nests (Bellrose 1980). About 20% of cinnamon teal 
nests in one California study were destroyed, 
probably by mammalian predators. 

Mink (hfustela vban) and river otters (Lutra 
canadensi~) are carnivores, but are opportunistic in 
their prey choiccs. Both are aquatic and feed heavily 
on aquatic animals. One of the most concentrated 
river otter populations in the State is just west of the 
delta in Suisun Marsh. River otters there ate 
crayfish at all times of the year, with 95% of scats 
in each month containing crayfish (Grenfell 1978). 
During the fall and winter, waterfowi became 
important and were found in 38% of scats. Fish 
remains were found in 30% of otter scats and were 
most frcquent in winter and spring. There was no 
evidence of egg predation during waterfowl nesting. 
hilink also eat a variety of f a d s ,  including crayfish 
and other invertebrates, fish, frogs, small mammals 
and birds; muskrats are an important food for mink 
in many areas. 

8.2 MAMMALS OF RIPARIAN AND 
Wti,"rMND IMUI'I'A'FS 

About 25% of the mammals found in the delta 
depend on riparian o r  wetland habitats (Table 8). 
They either occur only in this habitat or are rare in 
other habitats. Suisun shrews (Sorer suisunensis) and 
salt marsh harvest mice were restricted to tidal 
marsh habitats but may now he found on the 
managed wetlands of duck clubs. Beavers (Castor 
conadensici), muskrats, mink, and river otters are 
aquatic, requiring permanent water. Opossums 



(Didelphis virginianus), raccoons (Procyon btor), and 
ringtails (Bassariscuc; astutr~s) use riparian habitats for 
cover, den sites, and feeding, but also feed in 
adjacent habitats. Trowbridge, vagrant, and ornate 
shrews and shrew-moles (Sorer trowhridgei, S. vagrans, 
S. omatus, and Neurotrichus gibhsi) require the moist 
microhabitats associated with riparian and wetland 
habitats. The combination of proximity to water, 
dense vegetation and resulting favorable 
microhabitats, and variety of available plant foods 
make riparian and wetland habitats important for 
many mammals in addition to those dependent on 
such habitats. Most predators, such as coyotes 
(Canis latrans), skunks (Spilogale putolius and 
Mephifir mephitis), and bobcats (Lynr rufus) frequent 
riparian zones for foraging or  cover. For the 
California mammal fauna, a similar proportion, 
about 25%, depends on riparian habitats (Williams 
and Kilburn 1984), yet little ecological research has 
been performed on mammals in California riparian 
habitats (Trapp e t  al. 1984). 

Little native riparian o r  marsh habitat remains in 
the delta, and most native vegetation exists in small, 
isolated remnants. However, many habitats share 
enough structural features with riparian habitats that 
they serve effectively as "riparian surrogates" 
(Dennis e t  al. 1984). Levees, ditches, and 
abandoned land may combine proximity to water with 
shrubs or trees, providing the vegetation structure 
favorcd by many mammals. Riparian surrogates may 
also serve as important dispersal corridors between 
true riparian and wetland habitats. 

Traditional approaches to levee management 
involve removaI of vegetation in order to inspect 
the levees. Unfortunately, this practice creates ideal 
habitat for ground squirrels, which prefer disturbed 
soils, barren ground, and elevated areas. Daar e t  al. 
(1984) suggested that restoration of native riparian 
vegetation may be an effective means to  reduce the 
impact of burrowing ground squirrels. Pocket 
gophers (Thomomys boffae) avoid frequently flooded 
areas and peaty soils, but they may be common 
locally in the delta. Burrows of pocket gophers tend 
to lie in or close to levees (Miller 1957), making this 
rodent a source of levee damage. Pocket gophers 
are active throughout the year, but increase 
burrowing activity after rainfall (Miller 1948). 
During hot weather, gophers burrow at greater 
depths (Howard and Childs 1959). 

Several delta mammal species are important fur- 
bearers. The most important species are muskrats, 
beavers, and mink. About 11,000 muskrats, 500 
mink, 300 beavers, 200 raccoons, and a few gray fox 
(Uroqon cinerrioaqenteus) are taken each year in the 
delta (California Department of Fish and Game and 
California Department of Water Resources 1962). 
Although furbearers are ewnomically insignificant at 
the statewide level, they are important locally in 
areas like the delta, with its extensive waterways 
(Scott 1984). 

8.4 ENIIANGEREI) OR TIIREATENED 
SPECIES 

8.3 ECQINOMIC VALUES AND COS'I'S 

Damage to levees by burrowing rodents is probably 
the most significant economic loss caused by delta 
mammals (Grinnell e t  al. 1937; California 
Department of Fish and Game and California 
Department of Water Resources 1962; Skinner 
1972), although they are often blamed for problems 
arising from the nature of delta soils and levee 
construction. Muskrats and beavers burrow into the 
sides of banks and levees, and frequently the 
entrances to burrow systems arc below the water's 
edge. Such burrows can wcakcn levees and are a 
direct source of leaks. California ground squirrels 
(Ufospermophrfus beecheyi) are also important in 
terms of their effect on levees (Owings and 
Borchert 1975; Owings e t  a]. 1977; Daar et  a1. 1084). 

The salt marsh harvest mouse (Reifhrhntomys 
ravivenrris), a State and Federal listed endangered 
species, is found at the extreme western edge of the 
delta. Chipps, Van Sickle, and Browns Islands and 
the marshes west of Pittsburg and east of Van Sickle 
Island provide suitable habitat for this species. Delta 
harvest mice belong to the race R.r, halicoetes. They 
are usually found in tidal and intertidal sale and 
brackish marsh habitats, where they prefer areas of 
dense plant cover, especially Salicornia. Recently 
t h q  have been found in more freshwater marsh 
habitat, but still in the far west portion of the delta. 
Harvest mice feed on green vegetation and seeds and 
are capahic of Jrirlking bait water. Shelfhammer and 
Harvey (1982) suggested that ideal habitat conditions 
include Iflo% cover, at least 60% of which is 



Salicomia about 30-50 cm tall. Harvest mice retreat 
to higher ground during high water and may inhabit 
marsh margins if suitable cover is present. Upland 
marsh edges and peripheral halophytes are thus 
important habitat components for this species. Pure 
stands of Scipus, Typha, Dktichlis, and Catula, often 
found in disturbed tidal marshes, are poor habitat 
for harvest mice. The abundance of harvest mice in 
the delta is unknown. Shellhammer and Harvey 
(1982) gave capture rates for harvest mice as 
follows: 77 trap nightstmouse in San Pablo Bay, and 
213lmouse in south San Francisco Bay. 

San Joaquin kit foxes (Vulpes macrotis rnutica) 
occur marginally in the delta in upland habitats along 
its southwestern edge. Kit foxes prefer open arid 
and semi-arid habitats such as alkali scrub and 
grassland. Loss of such habitat to agriculture has 
led to the listing of this subspecies as federally 
endangered and State threatened. Their distribution 
has contracted, and they now primarily inhabit open 
foothill habitats. Kit foxes frequently construct their 
dens by enlarging old ground squirrel burrows. 



9.1 ZIISTdbRPCaL PROCESSES 

Birds of the delta (Appendix B) are most 
commonly either waterfowl or species that normally 
live in association with human activities. The birds 
of riparian areas are no longer a significant portion 
of delta avifauna and have been more extensively 
studied in upstream areas of the Central Valley. 

Before the massive reclamation efforts that began 
in 1852, when the delta consisted of 600,000-700,000 
acres of wetland, the delta was a major nesting area 
for dabbling ducks (Skinner 1%2). For waterfowl 
generally, it was one of the most significant wintering 
areas in California (U.S. Fish and Wildlife Service 
1978). Reclamation resulted in a decline in 
waterfowi numbers, due largely to reduction of 
breeding habitat (Skinner 1962). Now that shallow 
aquatic habitats are a small part of the delta 
acreage, other parts of the Central Valley have 
become more important wintering grounds. 

The modern delta is still a waterfowl wintering 
area of national and international significance 
(California Department of Fish and Game and 
California Department of Water Resources 1%2), 
supporting 10% of California's wintering waterfowl 
(Environmental Systems Research Institute 1979a,b). 
Of all currently unprotected areas in California, the 
U.S. Fish and Wildlife Service (1978) ranks the delta 
as the second most biologically important waterfowl 
wintering area in the Central Valley, after the Butte 
Sink. The Yolo Bypass, about half of which is 
within the delta, is ranked fifth among wintering 
habitat areas in the Central Valley. Both the delta 
and Yolo Bypass are ranked high in terms of 
desirability, potential value, and feasibility for 
inclusion in the National Wildlife Refuge system. 
The principal value of the delta to waterfowl is as 
wintering and migratory habitat. Several threatened 
and endangered waterfowl species as well as other 

species associated with riparian woodland are found 
in the delta. 

9.2 WINTERING WA'FEKFOWL 

At least 26 waterfowl species are found in the 
delta, mostly in winter. These include 2 swan 
species, 4 goose species, and 20 duck species (Rollins 
1977). The Central Valley is most important in 
biological and economic terms to tundra swans 
(Cygnus columbianus), snow geese (Chen 
caemiescens), Ross' geese (Chen rossii), greater 
white-fronted geese (Anser albifrom), several races of 
Canada geese (Branta canadensis), northern pintails 
(Anas acuta), mallards (Anas plafyrhynchos), 
American wigeons (Anas americana), green-winged 
teals (Anas crecca), northern shoveler (Anus 
clypeara), gadwalls (Anas strepera), and canvasbacks 
(Aythya valkineria) (US. Fish and Wildlife Service 
1978). The most important waterfowl species in the 
delta, as illustrated by midwinter Pacific Flyway aerial 
survey data for the past six years (Table 9) are 
tundra swans, greater white-fronted geese, snow 
geese, Ross' geese, and northern pintails. 

For most waterfowl, the wintering season in the 
Central Valley extends from August and September 
through April and May (McCaskie e t  al. 1979). 
Wintering waterfowl begin arriving in the Central 
Valley in August, with use peaking in December 
(Gilmer e t  al. 1982). In the delta, use by wintering 
waterfowl is limited early in the season, and most use 
occurs later in the fall and winter (U.S. Fish and 
Wildlife Service 1978). Delta band recoveries from 
white-fronted geese begin in October and peak in 
early January (Timm and Dau 1979), before the end 
of the hunting season. White-fronted geese remain 
in the Central Valley through April (McCaskie et al. 
1979). Tundra swans arrive in the delta relatively 
late in the winter. Bellrose (1980) indicated a peak 



Table 9. Relative abundance of watedowll census& 
in midwinter flyway census. Ranks based on 
average number counted during midwinter flyover 
census over the years 1981 to 1986. 

Census area 
Delta and 

Rank Delta Yolo bypass 

1 Northern pintail Northern pintail 
2 Tundra swan Tundra swan 
3 SnowIRoss' goose Mallard 
4 Greater white- 

fronted goose SnowIRoss' goose 
5 Canvasback Greater white- 

fronted goose 
6 Mallard Ruddy duck 
7 Ruddy duck Canvasback 
8 Northern shoveler American wigeon 
9 Scaup spp. Northern shoveler 

10 American wigeon Green-winged teal 
11 Green-winged teal Scaup spp. 
12 Canada gcxxe Canada gcxxe 
13 Bufflehead Cackling Canada 

goose 
14 Ring-necked duck Bufflehead 
15 Cackling Canada 

goose Ring-necked duck 
16 Gadwall Gadwall 
17 Coldeneye spp. Redhead 
18 Cinnamon teal Goldeneye spp. 
19 Wood duck Cinnamon teal 
20 Redhead Wood duck 

season of Dcccmber through February and McCaskie 
et al. (1979) give the peak season as November 
through March. 

The wintering waterfowl of the delta can be 
mnsidered part of the overall Central Valley 
population, as predictable and regular movement 
w u r s  betwwn the delta and other Central Valley 
waterfowl areas. These patterns are influenced by, 
and are dependent on, weather changes, water 
conditions, food availability, and time of season. 
The patterns only break down during unusually wet 
yeals when fluodetl kabilai. Increases dramaticaiiy, 
such as when the Yolo Bypass floods (U.S. Fish and 
Wifdlife Service 1978). 

Interchange between the delta and Suisun Marsh 
(the easternmost part of San Francisco Bay) is 
noteworthy. Waterfowl tend to leave Suisun and 
move to  the delta and other areas when winter 
rains begin, and relatively large numbers of 
waterfowl remain at Suisun when winter rains are 
late. Similarly, large numbers of birds move from 
Suisun to the delta when leaching of agricultural 
fields begins (U.S. fish and Wildlife Service 1978). 
Corn and other cereal grains grown in the delta have 
been found in the crops of Suisun Marsh ducks late 
in the season, possibly indicating that these birds 
forage in the delta (Michny 1979). 

9-21 Swans 

The delta is the most important wintering area in 
the Pacific Flyway and Central Valley for tundra 
swans (U.S. Fish and Wildlife Scrvice 1978; 
Environmental Systems Research Institute 1979a,b,c), 
and ranks second only to Chesapeake Bay in the 
entire United States (Bellrose 1980). The Yolo 
Bypass is ranked second in the Central Valley (US. 
Fish and Wildlife Service 1978). Bellrose (1980) 
indicated that 85% of the tundra swans wintering in 
California can be found in the delta. Eighty-six 
percent of the flyway population winters in the 
Central Valley (U.S. Fish and Wildlife Service 1978). 
&timates of the number of swans wintering in the 
delta range from 30,000 to 38,(KX) (U.S. Fish and 
Wildlife Service 1978; Bellrose 1980). Between 1981 
and 1986 Pacific Flyway midwinter aerial surveys 
have counted averages of 22,553 and 30,438 swans 
in the delta swans and Yolo Bypass, respectively. 
Although populations have declined slightly since 
1982, the overall trend since the 1940's has heen 
upward, reflecting better management and 
environmental policies. 

9.22 Geese 

Eighty-two percent of the flyway population of 
greater white-fronted geese winter in the Central 
Valley and about one-third of those are found in 
the delta. Only the San Joaquin Basin approaches 
the number of white-fronted g e e  found in the 
delta (U.S. Fish and Wildlife Service 1978). Timm 
and Dau (1979) found that 17% of the white-fronted 
geese banded on the Yukon-Kuskokwim Delta were 
recovered in the deiea. Based on estimates of the 
Central Valley population (U.S. Fish and Wildlife 
Service 1978; Bellrose 1980) and the proportion of 



Centla1 Vallcg, white-fronted geGse using the delta, 
ktviecn 22,000 and 45,000 white-fronted geese 
winter in the delta. 711e average numbers of white- 
fronicd gecse counted in the delta in the midwinter 
aerial surveys from 1981 to  19% %ere 15,716 in khe 
dclta ilnd 18,782 in the delta and Yolo B y p a .  The 
flywny population is declining (1J.S. Fish and Wildlife 
Scrvice 1978); the decline since the 1950's 1s over 
5O0& (Timrn and Dau 1979). 

Since snow geese and Ross' geese are similar in 
appcarancc, it is difficult to differentiate the status of 
each species. The delta accaunts for 6%-10% of alI 
white gccse in the Central Valley, or a b u t  31,500 
birds (Mchndress  1979). The Central Valley 
accounts for 93% and nearly 100% of the flyway 
populations of snow geese and Ross' geese 
respectively (U.S. Fish and Wildlife Service 1978). 
In the 1981-86 Pacific flyway midwinter aerial 
survcys, an average of 16,536 and 20,968 white gecse 
have been counted in the delta and the Yolo 
Bypass, respectively. 

Difficulties in gaining access to the numerous 
private islands in the delta have prevented 
determination of the percentage of white gccse in 
each species (McLandress 1979). However, if the 
prctportions found in the Sacramento and San 
Joaquin Valleys are applied to the numbers of white 
gecse counted in the delta, 22,(XX) snow geese, or 
7.1% of the Central Valley population, are found in 
the delta. Based on snow goose band returns, the 
delta and San Francisco Bay region rank third behind 
Tule Lake and the Sacramento Valley, hut the delta 
accounts for only 5% of the band returns from the 
Sacramento Valley (Rienecker 1x5). The 
population of snow geese breeding o n  Wrangle 
Island (USSR) has declined due to harsh weather 
conditions over 6 consecutive years, but other 
breeding populations wintering in the delta have 
remained stable (U.S. Fish and Wildlife Senice 
1978). 

If the proportions from McLandress (1979) arc 
applied again, Ross' geese in the delta account for 
2%-3% of the white geese in the General Vailey, or 
about 9,400 birds. The population of Ross' geese 
appears to have increaxd, possibly doubling since 
1965. However, much of the increase may simply 
azfle~t more cornplctc surveys kcallsc the 
Sacramento Valley is now included in post-season 
surveys (Mchndress  1979). 

Northern pintails are the most numerous waterfowl 
species found In the delta. The delta supports 110% 
of the Ccntral Valley pintail population of three 
million birds, which in turn is 75% of the Pacific 
flyway wintering population (U.S. Fish and Wildlife 
&;ervice 1978). Estimates of the numbers of pintails 
wintering in the delta vary widely, probably a result 
of varying use in different parts of the season and 
movement of birds between different areas. Bellrose 
(1980) estimated the delta population at 600,000, 
which may have included Suisun Marsh. Michny 
(1979) gave figures of 200,000-1.4 million from 
November through January. Pintails appear to 
concentrate in the delta during these months in 
response to the food provided by flooded agricultural 
fields (Michny 1979). In addition, when flooded, the 
Yolo Bypass sometimes attracts large numbers of 
pintails. Almost 500,000 pintails were counted in 
the bypass in January 1973 (US. Fish and Wildlife 
Service 1978). Pintail populations in the delta 
crashed from 132,515 in January 1981 to 25,985 in 
January 1982 and 3,385 in 1983. Since then, 
numbers have steadily increased and in 1987 the 
estimated number of wintering pintaib was 55,670. 

Although mallards are  usually the second most 
numerous duck species in the  delta, the  midukter 
flyway survey indicates that mallards are, on average, 
only one-tenth as numerous as northern pintails. 
Over the past 7 years, mallard numbers in the delta 
have followed a pattern similar to  that of northern 
pintails. High populations in 1981 (12,135 birds) 
crashed to only 1,190 in 1982 and 1,175 in 1983. 
Steady recovery since then has brought numbers up 
to 5,700 in 1986 and 5,785 in 1987. 

Several other waterfowl s p i e s  make significant 
use of the delta. Use of the delta by Canada geese 
is significantly less than that of the other three 
goose species. The cackling Canada g m s e  (Bra- 
canadenris minha)  has been the most numerous of 
the four s u b s p i e s  wintering in the Central Valley. 
During the 1970's the wintedng ppulration of the 
valley was estimated at 52,000 birds, wbich 
represented 89% of the flgw2y g.wp"~latioq md a b u t  
10% of those winter& in the delta (U.S. Fish and 
Wildlife Service 1978). Band r e t u r n  kdimk that 



the delta h intermediate in irnprtance, between the 
Sacramento and San Joaquin Vaileys (Nelson and 
fIansen 1959). Over the past 6 years the overall 
abundance of cackling Canada geese has declined, 
the total Pacific flyway population was estimated to 
be c~niy 23,000 in 1984. Ccrrrapondingly, cackling 
Canada geese in the delta have deeiincd in 
abundance, both absolutely and relative to the other 
s u b s p c i a .  The  other subspecies found in the 
C ~ n t r a i  Valley are lesser Canada geese (B. c. 
punjbes and B. c. ravemen'), and Great Basin Canada 
g e s e  (63. c. rnoffeetti), with wintering populations 
through the 1970's of 13,5(X) (13% of the flyway 
population) and 20,5(K) (14% of the flyway 
population) rapectivcly. Populations of lesser 
Canada gecse in the Qntral Valley appear stable, 
but thcy are rarely observed within the delta. 
Numbers of Great Basin Canada geese appcar to be 
increasing (U.S. Fish and Wildlife Scrvice 1978) and 
havc bccn by far the most abundant slxcies counted 
during winter surveys. 

The Aleutian Canada goose (B. c. leucc~j>areira), ;In 

endangered specics, visi~s the delta bctwccr~ Bctobcr 
and Dccernber. Thc main wintering area of this 
subspccics is in the San Joequin Vallcy, and small 
numbers regtitarly wintcr a short distance w ~ s t  of the 
delta at Grir~ly Island. The Aleutians on Grir~ly 
Island arc known to mix txcasionally with thosc in 
thc San Jtraquin Valley (Wcw,lington et al. 1979). 
Thc subspccics uscs ficlds in the delta as :i feeding 
and resting stop whlie en rouie from the Sutler 
E ~ r t c s  area in thc Sacramento Vallcy tit their carly 
spring grounds in the San Jorrquin Valley (Madrone 
ilssc>ciat~$ el al. 1980). Small numbers may winter 
ira lhc Yolo Bypass ('CJ.S.. Fish and Wildlife Service 
1978) and the delta (Wcx)lington c t  al. 19776)). 

Anlcrican wigcons are usually the second most 
numerotis wintering duck% in the C'cntral Valiey 
(Ricnccker I97G), but the midwinter flyway survcy 
Indicates that they <arc I a s  abundant than maliar& in 
thc: dclta. The Central Valley pcppulation is 
cstirn;itcd to be 472,[Ml, or 5XCh of the flyway 
p)pulatic,n (US. Fish and Wildlife k rv ice  1978), and 
the average counis over the past 6 winters have txcn 
611 and 8,494 in the deita and YoIo Bypass, 
respectively. The wigcons in thc delta are part of 
the largcr Central Valley pc~puiation, which mixes 
wmewhat with the Imperiat Valley population 
(Rienakcr  19761. Band returns show that the deira 
(9.1% of returns) ranks slighily k h i n d  the San 
Joaquin VaIIey (9.6% of returns) and wnsidzrabiy 

k h i n d  the Sacramento Valley (54.9% of returm) in 
i m p f l a n a  to h e r i c a n  wigans. Wigecjm appear 
to be one of the more numericaily stable delta 
waterfowl (U.S. Fish and Wiidlife Service 15478). 

Gadwalk, grwn-wing& teak, northern shovelers, 
canvasbacks, and mddy d u c b  ( m u m  jamaicemk) 
a h  make significant use of the delta. Population 
estimates, flyway proportion in the Central Valley, 
and survey results for these species are presented In 
Table 10. Although the U.S. Fish and Wildlife 
Service (1978) indicated that the delta supports 
about 10% of the Central Valley canvasback 
population, or 3,500 birds, the midwinter flyway 
survey counts average higher. Populations of this 
species have varied, with a general increaw (U.S. 
Fish and Wildlife Service 1978). R m n t  survey data 
from the delta are also highly variable, ranging from 
0 in 1982 to 23,320 in 1983, and a similar but less 
striking range can be seen in data from the Yolo 
Byprlss. Populations of gadwalls, green-winged teals, 
and ruddy ducks appear stable; and the nurnbcrs of 
northern shovelers appears to be increasing (U.S. 
Fish and Wildlife Service 1978). 

Cinnamon teals (Anus cyanoytera) are generally 
rare in the United States, and only 1,500 have been 
estimated t o  winter in the dclta (Bellrose 1980). 
Iiowever, these individuals are more imyortant than 
they seem bccause they represent 28% of all 
cinnamon teals that overwinter in the United Stales 
(Bellrose 1980). Very few cinnamon teals are 
counted in thc midwinter flyway survey, and the 
U.S. Fish and Wildlife k rv ice  (1978) indicatd that 
thcy are presscnt only in small numbers. 

Several other species regularly winter in the delta, 
but their status is pcx)rly understtxd. Ninety 
perwnt of thc Pacific flyway wcxd duck (Ak 
spurn)  ppuiation winter in the Central Valley, but 
acrial survey data are not reliable for w d  ducks 
(U.S. Fish and Wildlife Service 19781, which are not 
often wuntcd in the midwinter survey within the 
delta or YuIo Bypass. One-third of the Byway 
population of ring-necked ducks (Ay~Fzya col1aTiS) 
winter in the Central Valley, but aerial survey data 
are aiso not reliable for this spcc i~s  (U.S. Fish and 
Wildlife %mice 1978). Grealer and lesser scaup 
( A 4 ~ ~ I ~ y ~  marilo and A. af f i~b)  together a a x u n  ted for 
an average of 838 birds in the delta during the 
1981-% midwinter flyway survey, with much smalier 
numbers in rhe P7(?Eo Bypass. Bufifehead (Bucephal~ 



* .  Sable 10. Comparison of occzrrrcnce in tine dclt:~ and Yolo bypass by several duck species, 
comapared to their eblimated ~lb~xndance i z ~  tlae Centr:iI lrallej. Ilelta and Yola, bypass estimates 
am nventgrs: of midwinter ceraorzces of 8981-86. Plij~%ay and Centmi Valley estimates from U.S. 
Fish and Bvildlife S r n i c c  ($978). 

- 

E- i t  im'itcd Ccntr,iI Valley 1981 -86 
C'entr,li \'afIcy p ~ o p o ~  tion of Midwinter census a v e r a ~ e s  

Spccics popui,!tliw I'acillc flyvay Delta Delta with bypass 

Ruddy duck 23,000 
c;'an~a\h'~cic 35,000 
G r c c i ~ - ~ i n g c d  

tc,il 157,750 
horthcrn 

sht~vclcr 572.000 
Gadwall 15,000 

rilht~olrr) nu~nt>crs counted in the delta during thc 
micI\virttcr suivcys from 1981 to 19SO have ranged 
!'ram 0 to 350, also with much sr~rallcr ~ ~ u r ~ l h c r s  in 
the Yolo Bypass. Small numbers of common 
rncrgnnscrs ( A f t l t i p s  mcrgo~~scr)  and other mergansers 
wintcr in the dclt;i (U.S. I;ish i111rf Wilcilife Service 
1078). 

Scvcral watcrli)wl species arc pr-cst:rit in the dclta 
Sor short i>criods tiuring their srrigration. Some arc 
present o n l y  as irrcgu1;ir visi!ors, such as tuic uml~itc- 
frc~ntcd gccsc (/-ltiscr ril/~frot~.s cI<ycisi) (I3;iucr 1970); 
others arc present t-r-~orc rcgul;~t.ly, such as blue- 
winged teals (i?nas di.sc:or.s). 

hlost of the nntlvc wctiarttis iof the dclt'i h'ivc 
hecn ct>nvcrtcd to  agricultural lands that havc 
hccomc important habltat for uirilcr~ng uatcrfowl. 
'171e snl,iller numbers of t>rcctilng v+,llcrlowl Sound in 
the dcltii arc lcss dcpcndcnt on ;~gricultural h;~hit;ttc. 

In thc past 25 years, major crops havc shiftcd 
from potatoes. asparagus, and tornatocs to corn, 
sorghum, alfalfa, and pasture grasscs (U.S. Fish and 
WI!d!!!':. Scn~iw 197%). T!re ncv; ft,rr;.,s ::f sgrica!t-rc 
favor watcrfowl and the prcscnt large ctrnccntr;itions 
of  watcrfo%l iound in the dclta .Acre ntjt prcscnt in 

the carlicr part of this ccntury (Michny 1979). Some 
significant areas of agricultural habitat have b ~ ~ n  at 
least temporarily convertcd to  deepwater habitat, of 
lesser value to wintering waterfowl. by levce breaks 
and resulting floods (Madrone Associates et  al. 
1980). 

Much of the value of agricultural lands in the 
dclta results from the practice of flooding fields in 
the wintcr t o  leach out salts (Rollins 1977; U.S. Fish 
and Wildlife Service 1978; Michny 1979). The value 
of the Icachcd fields to waterfowl can be seen by 
cornparing the species richncss (for waterfowl only) 
fiounti by Rollins (1977) and Madrone Associates et 
I .  ( 1 0 ) .  FicIds in Rollins' study area in the 
eastern dclta wcrc not floodcd, and species richness 
ot>scrvcd by cover type was as follows: 14 s p i e s  in 
marsh, 8 in permanent pitsturc, 2 in riparian 
woodland, 1 in nt~nfiooded corn, and 0 in 
nonfloodcd asparagus. The  bird census areas 
examined by Madrone Associates were located 
mostly in the central and western delta, where fields 
are more often flocldcd. Observed waterfowl 
species richncss in this study was as follows: 18 
sliecics in aquatic habitats, IS in cultivated habitats, 
7 in marsh, 1 in riparian w t d l a n d .  I in riparian 
brushland, and O In upland and developed habitats. 

?he amount o i  habital created by leaching varies 
;.car!y depending on the  c:sps grcurr. and on the 
.*eather. t a c k  of leaching during the 1975-77 
drought adverscfy affected waterfowl in the delta. 





fced in early morning and late af'terncmn, depnding 
in part on weather (Raveling e l  al. 1972). G c a e  in 
the delta may associate in distinct sub-flocks and 
make continued use of specific feeding a r e a  during 
the winter (Raveling 1969). 

Dabbling ducks also prefer flucxicd agricultural 
fields for feeding. Nonflooded agricultural fields are 
second in importance (Madrone Associates et  al. 
1980). 

Flooded agricultural fields in the delta arc 
considcrcd essential feeding habitat for tundra swans 
(Madrone Associates e t  al. 1980). In a study near 
Stockton, tundra swans were found to feed on waste 
corn in both flooded and nonflooded fields and on 
unharvested potat0e.s (Tate and Tate 1%). 

White-fronted geese prefer to feed in open fields 
(Bauer 1979), especially nonflooded corn fields 
(Madrone Associates e t  al. 1980). Flooded fields are 
also considered to be essential feeding habitat for 
this species (Madrone hsociates et al. 1980). In a 
natural marsh west of the delta, tulc white-fronted 
geese were found to feed primarily on the tubers of 
alkali bulrush (Longhurst 1955). 

The diet of snow geese shifted from predominantly 
marsh plants to agricultural plants several decades 
ago. Most species eat a combination of rice, wheat, 
and barley grains and young shoots of pasture grasses 
(Bellrose 1980). In the delta, snow geese have a 
strong preference for nonflrmdcd corn fields, which 
are considered essential feeding habitat (Madrone 
Associates et  al. 1980). 

Ross' geese share snow geese's preference for 
nonflooded corn fields, but both fltmded and 
nonfloodcd corn fields in the delta are considered to 
be essential feeding habitat for Ross' geese 
(Madrone Asstxiatcs e t  a]. 1980). 

Northern pintails in the Central Valley feed 
cxtensiveiy on barley and rice (Bellrose 1980) and 
corn and other cereal grains in the delta (Michny 
1979). Alkali bulrush may be consumed more readily 
than corn (California Department of Fish and Came 
and California Department of Water Resources 
1962), but i t s  nutritional value is questionable. In a 
study of aqophageal contents, cnnductcd south of 
the delta, Connelly and Chesemore (1980) found 
that the diet of pintails shifted as the season 

progress&. Early in the season, from Sptember  
though October, most f o t d  eaten was vegetable, 
predominantly watergrass and swamp timothy 
(IPelemhloa schmnoides). Later, from November 
through February, animal food, mostly adult 
Chironomids, was eaten the  most. 

American wigeons have been identified as a key 
source of crop damage, which has been recorded in 
lettuce, alfalfa, pasture grasses, and fall-planted 
barley (Biehn 1951). 

Islands with little hunting pressure are heavily used 
as resting s i t e  for waterfowl. Several large open- 
water reservoirs or submerged islands are also heavily 
used, particularly Frank's Tract, the Clifton Court 
Forebay, and Bethany Reservoir (U.S. Fish and 
Wildlife Service 1978). Clifton Court Forebay and 
Bethany Reservoir appear to  have attracted large 
numbers of waterfowl t o  the delta since their 
construction (Michny 1979). Bethany Reservoir, 
which is not huntcd, has bccn  used for resting by up 
to 250,000 ducks on hunt  days. Nonhunting 
recreational use of Clifton Court Forebay and 
Frank's Tract reduces use by resting waterfowl (U.S. 
Fish and Wildlife Service 1978). Resting areas in 
the delta may be used regularly by subflocks of geese 
(Raveling 1969). 

Flooded agricultural fields are considered essential 
resting habitat for tundra swans (Figure 43). Small 
ponds are also used as resting and night roosting 
areas by this species (Madrone Asstxiates et  al. 
1980). 

During the hunting season, many geese rest in 
corn fields during the day and feed elsewhere at 
night (Madrone Associates et  al. 1980). White- 
fronted geese, which prefer open ficlds for resting 
(Bauer 1979), prefer to rest in n o n f l d e d  corn 
fields in the delta (Madrone Associates et al. 1980). 
Both snow and R o s '  geese prefer to rest in 
nonflooded corn fields. I n  contrast, Canada geese 
prefer to rest in flooded agricultural fields (Madrone 
Associates el a!. 1980)- 

Resting northern pintails congregate in large 
numbers in the Volrr Bypass when it is moderately 
flooded. These birds move to the bypass from other 
surrounding waterfow% areas (U.S. Fish and Wildlife 



Figure 43. Tundra swans resting in a winteriime agricultural( field in Terminous TmcL 

Service 1978). In high water years pintails remain on 
the shallow water of nearby duck clubs and agricul- 
Lural fields. 

The relatively few breeding waterfowl in the delta 
have not yet been studied closely. In Suisun Marsh, 
a short distance wcst of the deita, aerial surreys 
showed mallards, gadwalls, cinnamon teals, ruddy 
ducks, northern pintails, and northern shovelers to be 
the most imprtanb breeding species (by number of 
nests). Ground surveys found cinnamon teals, 
mallards, and gadwalls to be the primary nc$ting 
waeeifc~wl (Anderson 1960). Praumably, waterfowl 
breeding in the delta is also dominated by these 
specics. 

Disease and hunting are the major causes of 
mortaiiry among wintering waterfowl in the delta. 

The delta % cine of four cnzsotlc foci of ~ i i 3 n  
cholera in California (Titche 19791, and the Gni ra I  
Valley Is one of four major eazootic areas of this 
disease in the United States (Friend 1981, cited by 

GiInler et  al. 1982). Statewide, waterfowl losses to 
avian cholera have reached as high as 7 0 , W  birds 
in one winter (Rosen 1971, cited by Gilmer et  al. 
1982). Avian cholera among wild waterfowl was first 
confirmed in California at Bethel Island in the delta. 
American coots (Fulica americana) were affected in 
this outbreak (Rosen and Bischoff 1949). 

In 1948 an avian cholera outbreak that originated 
at Alviso in the south end of San Francisco Bay 
spread through the delta where it killed 40,(XX) 
waterfowl, including swans (Rosen and Bischoff 
1949). In 1965, a small outbreak in the delta near 
Terminous killed SO tundra swans. Waterfowl 
mortality in the delta was estimated at 6,000 birds 
in the winter of 1977-78 and 3,000 in the 1978-79 
winter. During these two seasons, 1142 and 68 
cholera cascs were documented in the delta by 
mecropsy, or 82.6% and 73.9% of the birds 
necropsied. These percentage were the highest 
recorded in the State (Titche 1979). 

.4via3 cholera is affected by management decisions 
(through their effects on habitat conditions), the 
longevity of the organism, and the presence of 
carriers. Pond drainage apparently stopped the 1965 



outhrcak near 'krminous (Titche 1979). A rapid 
iltwdldrain cycle during the 1976 drought apparently 
prcVenteci outbreaks (lituntcr 1976). A field 
cxpcrirncnt under marsh w)nJitir.rns in thc dclta 
conducted in 1957 showed no rcsidu:tl f~~sruse'dlrz 
miiirtx.id(~ ( t  hc causative organism) prcscnt after 6 
months. Known carriers in thc dclta include 
muskrats and white-frontcd gccse (Titchc 1979). 

Although botulism takes a higher toll on a 
statcwidc basis than avian cholera (IIunter e l  al. 
1970). this disease is apparently Icss prcvalcnt in the 
dclta. During the 1977-78 and 1978-79 scasons, 
none of thc waterfowl from thc dclta nccropsied by 
Titchc (1979) in the first ycar dicd of b t u l i s n ~ ,  and 
only three cascs (3% :,of nccropsied birds) were 
confirmed in the second year. 

In thc Central Vallcy, lead poisoning is rcslx~nsiblc 
for 396-10% of waterfowl deaths. Lxgislativn 
icquiring steel shot was enacted in 1987. The 
significance of pcsticidcs as a cause of waterfowl 
mortality in the Central Vallcy is unknown (Gilmer 
et al. 1982). 

Hunting is a significant cause of w i t t ~ r f ~ w l  
mortality in the dclta. Between 1979 and 1982, an 
itverage of 2.5% of the statcwidc duck harvest, o r  
52,OM birds, came from the dclta. Similarly, the 
ctclta ;tccoilnted for 3.1% of the statewide gcx>sc 
~ : I N C S ~ ,  or ;in average of 3,650 gecsc/ycar hctwcen 
1979 and 1982 (Bartonck 1983). In the Suisun 
Marsh, irn~ncdiately west of thc dclta, the ducks nlost 
commonly hervcsted are northern pintails, grccn- 
winged teals, northern shovelers, American wigcons, 
mallards, and others (ranked in order of ahundancc). 
Thc gcese most commonly harvcstcd in Suisun Marsh 
arc greater white-fronted gccsc, snow gcesc, cackling 
and othcr Canada geese, and Ross' gccsc (U.S. Fish 
and Wildlife Service, unpubl. data). The  relative 
importance of thc dclta as a waterfowl hunting area 
is illustrated in Table 11. 

In addition to  Aleutian Canada geese, two uthcr 
threatened bird spccics arc  found in thc delta, and 
a third may also occur ihcie. Thc blxzk rail 
(Laterallus jamaicen~is) is listed as a threatened 
species by the Stale of California (California Depart- 

Table 111. Waterfowl harvest from delta counties 
((luntm a s h ,  Sucmmenty San Jmquin, Solanq 
rand Yalo). From Carney (11975). 

S g ~ c i c s  Percent of state- 
wide harvest 

Northern pintail 32% 
American wigeon 
Northern shovelcr 
Mallard 
Green-winged teal 
White-fronted gcmse 
Canada gcme  
Gadwall 
Snow gtmse 
Cinnan~onBlue-winged 

teal 
Wcxd duck 

mcnt of Fish and Game l Y N ) ,  and is a candidate for 
Federal listing. This speclcs, more commonly 
a<stxiated with San Francisco Bay wetlands and 
other coastal wetlands, is known to occur in a marsh 
near White Slough, San Joaquin County (Manolis 
19777; Environmental Systems Research Institute 
197%). Swainson's hawk (Buteo swainsoni), also a 
State-listccl threatened spccies and candidate for 
Federal listing, nests in the  delta (California 
Department of Fish and Game 1980). The yellow- 
billed cucktx, (C~xqzav americankc.), sharing the 
same status as the previous species (California 
Department of Fish and Game 1980), is not known 
to breed in the delta although apparently suitable 
habitat exists (Madronc Associates e t  al. 1980). 

The California Department of Fish and Game's Ibt 
of  bird species of special concern includes a number 
of other birds found in the delta (Rernsen 1978). 
Thcse include northern harriers (Circus vaneus),  
sandhill cranes (Gas  canademis), burrowing owls 
(Athene cuniculurk), short-eared owls (Ash 
flammeus), yeliow warblers (Derufroica petechia), a r d  
yellow-breasted chats (Icieria virens). Sandhill cranes 
occur in dense flt~cks near Hog Slough, with 
J,BOlf-S,(K% birds arriving in the area each fall 
(Rollins 1977). The patterns of distribution within 
the dclta for the  othcr species have not been 



described, but may be i n f e n d  from their narrow less d i s t u r w  regions of riparian or upland habitat. 
habitat preferences. Northern harrien and yellow- The restricted occurrence rrf these habitats ~ t h i r a  
breasted chats are birds of marsh=; burrawing owls, the delta probably mirrors the distributions of these 
short-eared owls, and yellow warblers are found in birds. 



The  suitabiiity of the delta for most species varies 
considerably from year to  year. The  driving force 
behind fluctuations in species abundance and 
reproductive success is primarily mcteoroiogical. 
Winter rainfali and the  Sierra snowpack are the main 
determinants of the  quantity of outflow and its 
duration through the  late spring and summer. Dams 
and reservoirs can decrease flood height and 
maintain mare  constant flows through the summer 
but, especially in the  last 10 years, weather has ruled 
the delta. 

IIumanity's two greatest impacts on the dclta have 
been the massive alteration of marsh habitats into 
farmland and the changes in flow pattern within 
delta channels. Diking, rip-rapping, upstream 
damming, and pumping are  the strongest and most 
common forms of human disturbance. Dredged, 
reinforced sloughs decrease residence time of  water, 
reducing phytoplankton productivity and,  
consequently, zooplankton and fish abundance. 
Dikes and rip-rapping have removed much of the 
habitat which would be used by fish for breeding and 
foraging. Export pumping draws Sacramento River 
water through the cross-delta channel or  up  the San 
Joaquin channel at some times of the year. This 
influx of ax)ler, less nutrient-rich water probably 
reduces productivity of the  San Joaquin River, and 
certainly interferes with the  upstream migration of  
adult anadromou. fish and prevents many young fish 
from reaching more productive areas of the delta. 
Upstream dams and watcr diversions have reduced 
the intrusion of saltwater past Chipps Island for the  
last 45 years, making the delta more suitable for the  
many freshwater fishes which have k e n  introduced 
than for the  native species. As more dams permit 
greater cortrol over waterflow into the delta, there 
is less flooded vegetation for fish to use tor breeding 
and fewer acres of shallow ponds for PGintering 
waterfowl. 

The greatest conflict between natural delta 
procases  and human needs seems to be that human 
demand on  the system is almost independent of  the 
varying amounts of water the system receives. In 
wet years diversions probably have less impact on 
most species than in drier years when the  continued 
diversions greatly amplify the effect of meteorological 
variation. The apparent long term effects o f  the 
1976-77 drought on the timing and pattern of 
phytoplankton blcx~ms is the most likely candidate for 
the breakdown of the strong relationship which had 
existed between striped bass and outflow. The 
drought may have even coincided with processes 
which had begun in 1973, o r  it may have helped shift 
an unstable system into a new configuration. I n  any 
event, unknown factors now limit striped bass 
reproductive s u c ~ c s s  and make that fisheiy 
unpredictable and difficult to manage. Many other 
species have apparently declined over the same 
period, but those declines and their e f h t s  on  the 
delta community are  less known than the changes in 
striped bass. 

At all levels the system is changing, and 
management's attention will have to ftxus on  the 
system's future while at  the same time addressing 
long-term studies of its past. Recent declines in 
delta productivity at  all levels from phytoplankton to 
fish indicate that previous water management policies 
have been insufficient to protect the delta 
community. New policies in the  determination of 
outflow through the delta will need to focus on 
ecological needs in the delta. 

Data collected by numerous public agcncics are 
very incompletely deseribcd, analyzed, o r  s y n t h e s i d  
in the public literature. a t though there is a pressing 
need to test some of the  hypotheses which have 
been advanced to exptain recent changes in the 
ecosystem; it is evcn more important to analyze the 
voluminous data already gathered. Gontrolling 



p r w e s e s  may have changed dramatically, but it is 
futile to  pursue answers to new problems when no 
picture has yet k e n  devebped of how the 
community operated in better times. 

The importance of flow regimes on patterns of 
primary productivity has been only sketchily drawn, 
and many years of data on flow patterns and algal 
species abundance and composition need to be 
analyzed from the records of the U.S. Geological 
Survey, Bureau of Land Management, and the 
California Department of Water Resources. Data on 
zooplankton and f ~ h  recruitment are available 
through the California Department of Fish and 
Game and the University of California. The 
connection between primary productivity and 
productivity at  higher levels needs to  be 
demonstrated rather than assumed. Monitoring basic 

phpical, chemical, and biological parameters of delta 
waters needs t o  continue, huh new research programs 
are also needed to address such questions as how the 
ecology of the delta will change as more islands are 
&xxkd and what causes mortality in larval fish. 
Basic questions such as these were raised during the 
water rights hearings of the California State Water 
Resources Control Ek~ard which began in 1987. The 
lack of clear answers at that time may have long- 
term effects on the health of the delta. 

Many of the data from State and Federal agencies 
are now being readied or are regularly entered into 
STORET, an interagency data base. The widespread 
availability of these data to the many groups 
interested in preserving and using the delta kxles 
well for a blossoming of understanding of all facets 
of the Sacramento-San Joaquin Delta. 
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Appndix A. VsaseuHsr pHan& of the Sucmmento-San Joaquin Delia. 

Common name Scientific name Abundancea 

NON--OWERING PLANTS: 

Aspidaceac 
Lady fcrn 

Q u i s e  taceae 
Horsetail 

Pinawae 
Montcrey pine 

Cuprcssaixae 
Cypress 
lnccnse d a r  

Common 

Undetermined 

Undetermined 

Cupressus spp. 
Liboc& decwens 

Undetermined 
Undetermined 

DICOIS: 

A ~ r a c e a e  
Box eldcr Acer ne@o 

var. c~lifomicwn 
Acer saccharinurn 

Occasional 

Silver maple 
Ai~oaceae  

f-Iottentot fig 
Alismataceae 

Broadleaf 
arrowhead 

Amaranthaceae 
Tumbling pibweerf 

Anacardiawae 
Poison oak 
California pepper 
Watcr hemlock 
Bolander water 

hemlcxk 
Poison h c m t t ~ k  
Bec thistle 
Delta cctyote 
thistle 

Fennel 
Cow parsnip 
Marsh pennywort 

Uncommon 

Mesembryanrhemwn edule 

Occasional 

Common 

Occasional 
Uncommon 
Occasional 
Rare 

Rhw diversiloba 
Schinus molle 
Cicuta douglasii 
Cficuta bolanderi 

Bccasional 
Uncommon 
Uncommon 

Frieniculwn vulgare 
Heraclewn lanatwn 
Hydrocotyle verticillata 
var. triradiata 
Lilneopsis masonii 

Common 
Common 

Uncommon 
Rare Lifaeopsis 

Apcxynaceae 
Qlcandcr 
Periwinkle 

Nei im oleander 
Vmca major 

efncamnnan 
Common 

(Continued) 



Aplpendix A. (Continued) 
- 

Common name Scicntilic name 

Asclepiadacca 
Milkwmd 

hstcraccae 
Yarrow 
Wcstcrn ragweed 
Douglas mugwort 
Western mu&wort 
Suisun aster 

Slcndcr aster 
Oryote brush 

Mule fat 
Sunflc~wcr 

f3ur marigold 
Yellow star 
thistic 

Iiussian knapwccd 
Nccdic-leaved 

r;rht)it hrush 
Sbugh thistle 
Hiili  ihistlc 
I Kc~rscwccd 
Comrnun l~rass 

tlutfons 
C'ii~bf(~)n 
6kliptig 
Cud wccd 
(;urn pinnt 
Wtrsilla 
(7x)m~i~trn surrflowcr 
S j~ikcwucti 
-, I c1cgr:lph wcctf 

C'iit's ear 
Heshy j;rurrxea 
f%irkly fcttucc: 
Bristly oxtongut: 
Sari Francisctr 

lessingia 
Shrubby huttcrwcccf 
W ~ \ i c r n  goldenrcld 
%?w thist fc 

Aci'iillcu nzifltfolium 
A m  brcj'siu psiloslachya 
Aaemisiu duuglasiana 
Artccntkiu 1Uric)viciuna 
Aster chilensis 

var. lcrllus 
ASICT mifk 
Bacckiuris piluluri~ 

var. curuanguinea 
Bnccllcinl~ r'inzinen 
Balsutrror~~iza 

mu crz~kyis 
Birfcns Irtcvis 
CPnfarrn~u sohririalis 

C-c*ilrciuril rcLpetz.c 
C'lly\o'litrimtzia 

f r . rc~f~11iu.s 
Cirsinrra crcr,s.ticriuie 
C"ir.\is~r?t vulg(~re 
C o t ~ r r  crr rr tidctrsis 
C i / t l r f r r  c-orono~~ifolirr 

Undetermined 

Ocezional 
Common 
Common 
Occasional 
Rare 

Common 
[Jndetermined 
Rare 

Urrdetermind 
Uncommon 

Rare 
C ~ m m o n  
Undctermined 
Uncommon 

Undetcrmind 
Undetermined 
Common 
Rarc 
Uncommon 
Occr~sional 
Uncommon 
Cc~mmctn 

Undetcrminzd 
Gmrnon 
Common 
Common 
Occasional 

Unw~mmon 
Occasional 
Ckrast?;i:,na! 



Appendix A. (Continued) 

Common name Scientitic name Abundancea 

Milk thistle 
Dandelion 
Cocklebur 

Silybum marianum 
Taraxacum officinale 
Xanthium sfrurnan'um 

var. canadense 

Common 
Common 
Occasional 

Betulaceae 
White alder 

Boraginaceae 
Chinese pusley 

Occasional 

Heliotropium 
cuassavicum 

Plagiobothrys 
hystriculw 

Occasional 

Bearded allocalya Rare 

Bra~icaceae 
Contra Costa 

wallflower 
Caper-fruited 

tropidocarpurn 
Mustard 
Common yellow 

mustard 
Perennial 

peppergrass 
Watercress 
Wild radish 

Caprifoliaceae 
Blue elderberry 
Twinberry 

Caryophyllaceae 
Campion 

Chenopodiaceae 
Fat-hen 
Australian 

saltbush 
Mexican tea 

Rare Erysimum capitntum 
var. angustaturn 

Tropidocarpum 
capparideum 
Brassicn genicula 
Brassica campestris 

Rare 

Common 
Common 

Lepidium latifolium Uncommon 

Nasturtium offcinale 
Raphanus sativus 

Undetermined 
Common 

Sambucus caerulea 
Lonicera involucrata 

Occasional 
Undetermined 

Undetermined 

Atriplex patula 
Atripla semibaccata 

Occasional 
Occasional 

Chenopodiurn 
am brosioides 

Salicomia pacifica 

Common 

Common pickleweed 
Crassulaceae 

F ' Y ~ ~ Y  weed 
Euphorbiaceae 

California croton 
Turkey mullein 
Spotted spurge 
Russian thistle 

Undetermined 

Undetermined 

Occasional 
Occasional 
Occasional 
Common 

Croton cal$ornicus 
Eremocarpus setigerus 
Euphorbia supina 
Salsola kali 

(Continued) 

97 



Common name 

CX,nvolvuIawae 
B i n d w d  
Wedge hi~xdwced 

Fahaccae 
Acacia 
Carob 
Delta tulc pea 

Pca 
Ltrtu% 
Ltttus 
Spanish clc~vcr 
Dccr weed 
Silvcr supine 
Lindlcy's strnu,ti 

lupinc 
Ycilow sweet 

cltrvcr 
Whitc swl'xt clove 
B l i ~ ~ k  I r ~ u s t  
Spanish brtxlrn 
Wiflacr vclch 

I:sg;sceae 
Vallcy oak 
C(>itst Iivc o;ik 
Alk41t hciith 

( ;cvrt~ianacc;cc 
Itlnc century 

C ;cr;rniacc;rr 
I3road lcaf fiiaree 
Fllirrer. 

J t lp f , tnd i f~ i~~  
f3l;ock walnut 
1:rrglislt walnut 

I iirntace;w 
t ii:rrblt 
Water h(3rctiound 
Mint 
licrlgc rtcitlc 

I~3rrtnth;ru'ec 
Mistlctos. 
Califitrnia 

icx~sfitfife 
Fk3rrhour~d 

Acacia sp. 
Gcra foinio sifihq~rx 
Ladlyw jepscmii 

var. jtysonii 
Latfiyrus vesfitus 
Lotus corr~iculr~tru 
Lotus htkmistrabu~ 
Lotus f~rnhianuv 
I,oru.s troi)(~rius 
1,ldpirit~s ulbifrorr~ 
1.upitzus bicc>lor 

Uncommon 
L'ndctcrmined 
Rare  

Undcterrnzincd 
Uncr>mmct~r 
U n a ~ m n o n  
Common 
Unmmaron 
LJncommcln 
Unaxnxnon 

Common 
IJncornmtrn 
Unccmlmon 
IJndcrcrmincd 

U na>mmon 
Cilmmon 
Uncommon 

Rare 
0cc:isional 



Appendix A. (Continuedif 

Common name kieatif ic name Abundancea 

Malvaccae 
Cheeseweed 
California 

hibiscus 
Alkali mallow 

Moraceae 
Fig 
Mulberry 

Myrtaccae 
Bottlebrush 
Eucalyptus 

Papaveraceae 
California poppy 

Plantaginaceae 
Plantain 
English plztntain 

Plat anaceae 
Sycamore 

Pol ygonaceae 
Na ked-s tcmmed 

eriogonum 
Water smartweed 
Curly drxk 

Port ulacawae 
Purslane 
Common knotwccd 

Rosaceae 
Christmas berry 
Almond 
Pyracantha 
California rose 
BIackhcrry 
Himalaya berry 

Ruhiaccae 
Buttonbush 

Malva purviflora 
Hibiscus ca Iifomicus 

Common 
Rare  

Sida hederacea Undetermined 

Uncommon 
Uncommon 

Ficus carica 
M o w  sp. 

Callisternon sp. 
Eucalyptus sp. 

Uncommon 
Occasional 

Common 

Plantago hiriella 
Plantago Ianceolata 

Common 
Common 

Undetermined Platanus racemosa 

Uncommon 

Planlap lanceolata 
Rumu c r i s p  

Common 
Common 

Common 
Gammon 

Portulaca oleracea 
Pubgonum a viculare 

Undetermined 
Uncommon 
Undetermined 
Common 
Common 
Undetermined 

Fleteromeles sp. 
Prunus o m ~ d a l u s  
Pyracanrhu sp. 
Rosa cal$i)mica 
Rubw vicijblius 
Rubus prcxerus 

Cephalanfhus 
occidentalis 

Galium tn'rrdum 

Occasional 

Bedstraw 
Salicaceae 

Silver poplar 
Fremont's 

cottonwood 
Weeping willow 
Willow 

Pqulus alba 
Populus fremonrii 

vat. slsbiflorum 
Sa lir ba bylr~nica 
Salk gdingi i  

Undetermined 
Occasional 



Appndlx A. (Corstin\ia&) 
- 

Cxlmmon name kicntilic name 

Sand bar wilictw 
Red w.illclw 
Arrtryr, willaw 

Scrtrphulariamire 
h4udwcrrt 
Comn~on mrtnkey- 

newer 
Common multcirl 
Specxfwcll 

Sulk h a i u n a  
Sulk laevigaru 
Sulk lasioleyis 

Undetemined 
Occasional 

Occasional 
Undetermined 

%>ian;kaae 
"limato 
?'FCC Li~barxx~ 
Small-llc~wcreel 

nightshiidc 
l'i~niaric:rcc:te 

Salt ccriar 
U l l t l 3 ~ ~ 1 1 ~  

C'hinrse eiiir 
Orficncctic 

Cfairry nektlc 
Vcxhee't~sccac 

M;lf-gr:{&% 
Vervain 

Vit:iccitc 
Ctifiliarnia wild 

g r q e  
Xygc3pt1yilitcciic 

lfurlcturr vitie 

hfC)%t3C~.Ji%: 

Ldj~ccp~nicon cr.cculertrum 
Nicoiirrno glrr uca 

Undetermined 
Una>mmon 

Undetermined 

Undetermined 

Uncommon 

Common 

Common 

C?ommon 
Uncommon 

Spike rru& 
C i~xrtmrkn tuft. 
5c>utlarrft t t~ie 
Cllrtcy's hvllrtnhh 

pus bust r ~ b  
l lydrtxtt;iritocct;it" 

Braeilian 
waterwct-il 

Cx~nmon 
Conmcm 
Gtmmcrn 
Oc~xsictnal 
Occasional 



Appendix A. (ComcPudecrB) 

Cxlmrnon name Scientific name Abundancea 
- 
lridriceae 

Iris 
Juncaccae 

Baltic rush 
Soft rush 
Iris-leaved rush 

Liliaceac 
&$paragus 
Fragrant 

fritillary 
Poaceae 

0 21 ts 
Ripgut grass 
Giant rced 
Ucrrnuda grass 
Panrpis g r m  
Salt grass 
Beardless wild-rye 
Fescue 
Barley 
Little barley 
Foxtail 
Italian wildrye 
Colusa grass 
Crampton's 

orcuttia 
Knot grass 
Canary grass 
Common rced 
Rrxbbitfix~t grass 

Johnson grass 
hlilo 
Gorn 

Pontcderiaceac 
Water hyacinth 

l"Fjrhaceas 
Broad-leaved 

cat-tail 

Iris psruiucuw 

Awena .~p. 
Bror?zrts rihiclus 
Arundo d o n a  
Cync.ion dactylon 
Cortaderia salloana 
Disticfi1i.s spicula 
E1yrtzu.s tnrict~idrs 
Feshlcu sp. 
Hor(ieurn vcllgare 
Hordeurn pusillurn 
f-ic~rrleum murinum 
Lolium rnultifrcmim 
Neosfa~~fla colusuna 
Orcullia rnucronata 

Occasional 

Occasional 
Occasional 
Occasional 

Common 

Rare  

Common 
Common 
Occasional 
Common 
Cmmmon 
Common 
Occasional 
Common 
Occasional 
Occasional 
Common 
Common 
Rare  
Rare  

Occasional 
Cr~mmon 
Gr~mmon 
Common 

Common 
Occasional 
Occasional 

Common 

Typha latifbfia Common 

aUndctcrmind abundance indicates that the spccies presence varies from year tcs year o r  reported 
abundances in the litcraturc disagrcc with one another or with the experience of local biologists. 





Appendix B. (Gastiatued) 

Common name 

Turkey vulture 
White-tailed kite 
Sharp-shinned hawk 
Ccxqxr's hawk 
Red-trriled hawk 
Red-shouldered hawk 
Swainson's hawk 
Migrant rough-leged hawk 
Ferruginous hawk 
Goldcn eagle 
Bald eagle 
Nrrrthern harrier 
Prairie f:~fcon 
Pervgrine falcon 
Merlin 
Amr:rican k ~ s t r e l  
California y uail 
Ri11g-necked pheasant 
Sandhill crane 
Virginia rail 
k r a  rail 
California black rail 
Cc>mmon g;illinuie 
American ccmt 
Semipalmated plover 
Rilldcer 
Mountain plovcr 
Black-bellied piover 
Common snipe 
Lxjn~-billcd curlew 
Whimbrel 
Spotted sandpiper 
%)lit;iry sandpiper 
Grcater yellowicgs 
Lxsscr ycllowlep 
Least sandpiper 
Dunlin sandpiper 
Western sandpiper 
American avocet 
Black-necked stilt 
Wilson's phalarope 
Northern phalarope 
Cfauct~m-winged gull 
Lr)ng-bilIcd tiowitchcr 

Scientific name Abundance 

Cad~artrs nurcz 
Elanus Ieucuncv 
Acc4)iter srrinrus 
Accipifer cooperii 
Buteo ji~rnaicer~qis 
Buteo lirtcrarus 
Butt*o .swainvt,ru 
Bureo lagc~yus 
Buleo regalis 
Ayuila chrysaetvs 
Haliaetus leucocep/ulus 
Cihrs cyrrneus 
Fulco mcricanus 
Falco perr@us 
Falco columbarius 
Falcc~ sp(zn~erius 
Lophortyx cal~omicur 
Phcrsinnus colc/~icr& 
Grur canaderzvis 
Rallus I~~micolo 
Ponana cnrolina 
L~i~rallus jarnaicemis 
Gallinulu chff~~0pU.Y 
Fulica americana 
C/zaradriu.s semipalmrrfus 
Charadrius voci/ems 
Charadrius montana 
Pfuviab .~yuatarola 
Capella gallinago 
Numenius umericunus 
Numeniw phaeopw 
Actilis macularia 
Tringa solifaria 
Trirtga meianoleuca 
Tringa fIa rlipes 
C(ilidr6 nzinufilla 
Calidris al'ina 
Calidri,~ mauri 
Recurvirostra americQna 
Ifimunlopus mexicanus 
Sreganopus tricolor 
Lnbipes lobatuc: 
L a m  glarccescem 
iimncxlrumus ~colc~j~aceas 

Comrnc~n 
Gtmmon 
Common 
Occasirmal 
Common 
Common 
Unci~mmon 
Uncommon 
Occasional 
Uncommon 
Uncommon 
Common 
IJncommon 
Unu)mmon 
If nwmmon 
Common 
Clommon 
Cr~mmon 
Common 
Common 
Common 
Rarc 
Common 
Carnmon 
Common 
Common 
Occasional 
Common 
Cammon 
Commcln 
Cbmmon 
Common 
CI)mmon 
Gjmmon 
Occ~sional 
Common 
Occasic~nal 
C6,rnrnt.m 
Curnmc~n 
Cc>mmtsn 
Ilneonrmon 
Unccsmmon 
Chnmon 
Gtmrnon 

Resident 
Resident 
Resident 
Resident 
Migrant 
Migrant 
Undetermined 
Migrant 
Migrant 
Migrant 
Migrant 
Resident 
Resident 
Migrant 
Migrant 
Resident 
Resident 
Rcsidcnt 
Migrant 
Migrant 
Migrant 
Migrant 
Rcsident 
Resident 
Migrant 
Rcsidcnt 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Resident 
Migrant 
Migrant 
Migrant 
Migrant 





Common name 

Scrub jay 
Yellow-billed magpie 
Yeliiow-bellied sapsucker 
Chrnmon raven 
Common crow 
Blain titmouse 
Bushtit 
White-breasted nuthatch 
Wrentit 
House wrcn 
Winter wrcn 
Bcwic k's wren 
Marsh wrcn 
Mtickinghird 
Sage thrasher 
Ancrican robin 
Varied thrush 
Migrant hermit thrush 
Swainson's thrush 
Western bluebird 
(;olden-crowned kinglet 
Ruby-crowned kinglet 
Water pipit 
Cedar waxwing 
Ix>ggcrhcad shrike 
Starling 
IIutton's vireo 
Solitary vireo 
Warbling virco 
Orange-crowned warbler 
Nashville warbler 
Yellow warbler 
Yeliuw-surnped warbler 
Black-throated 

gray warbler 
ffcrmit warbler 
MacGillivray's warbler 
Chmmon yellowthroat 
Yellow-breasted chat 
Wilson's warbler 
XIouse sparrow 
Western meadowlark 
Yellow-headed 

biackiiird 

Scientific name Abundance 

Afltelocoma cuemlescerzs 
Pica nufalll 
Sp f lyrcppicus variur 
cofyus corm 
C o n w  brachyhymlios 
Panrs Inomatus 
Psalrripanrs minima 
Sitfa carolinemis 
Clrarnclea fasciafa 
Troglodytes aedon 
Trogl(xiyres troglodytes 
Thyomanes bewickii 
Cirtothonrs paZusrris 
Mimu$ ~zolyxfortos 
Oreoscoples montanuF 
Turcfus migmtnriur 
Ixorem naevius 
Ca t f i nm  ptrata 
cazirumr urstulata 
Sialia mexicana 
Reelus satrapa 
Regulus calendula 
Anthus spinoletia 
Born bycilla cerlrorum 
Lanius luliovicianus 
Sturnus vufgatis 
Vireo huttoni 
Vireo sulifarius 
Ir,,o gilvus 
Vemivora celara 
Vemivora rufcapilla 
Deruiroica petechia 
Detuiroica coronara 

Dendruica ni@cem 
Dendroica occuientalir 
Opororis tolmiei 
Geothlypis trichas 
I c t ek  vkem 
Wfscmia pusifla 
Passer domesticus 
S f m l l a  neglecta 
Xanthmephlus 

urnrhocephaiur 

Common 
Common 
Common 
Common 
Common 
Occasional 
Common 
Common 
Common 
Common 
Uncommon 
Common 
Chmrnon 
Common 
Uncommon 
Common 
Uncommon 
Common 
Common 
C ~ m r n o n  
Common 
Comrnon 
Common 
Occasional 
Uncommon 
Common 
Common 
Occasional 
Occasional. 
Occasional 
Common 
Common 
Common 

Common 
Oceasional 
Oceasional 
Common 
C o m m n  
a m m o n  
Cornman 
Ckrmmoo 

Resident 
Resident 
Resident 
Resident 
Resident 
Resident 
Resident 
Resident 
Resident 
Migrant 
Resident 
Resident 
Migrant 
Resident 
Migrant 
Resident 
Undetermined 
Resident 
Migrant 
Resident 
Migrant 
Migrant 
Migrant 
Migrant 
Resident 
Resident 
Resident 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 
Migrant 

Migrant 
Migrant 
Migrant 
Migrant 
Mipant 
Migant 
Raideat  
Resident 

(Continued) 



CX9mme)n name Scientific name 
-- 

Rrsct -wing& hiackhird 
'Tricolored bltilckbird 
Brcwcr's blackbird 
I I~xKIcd oriole 
Northern oriolc 
Brcrwn-hcadcd cowbird 
Wcstcrn tanager 
Blrrck-hcadaci grt3shc;tk 
Bluc gro6t~:uk 
Purple finch 
lburc finch 
*%nrcrican goldfinch 
L ~ u c r  g<.cllidiincit 
Kuf<>us-sided towcc 
13~tlwrl tijwce 
S~lvirnnuh sparrow 
C"rr~\ss ix~~~~xr  spiirrt)w 
I3nrk"cycd juirco 
C'iriljirrtiig bftitrruw 
White crctwnLicl spitrntw 
Cioldan crctwrlcd sp;sr r t~w 
1:ctx SfXW'x"'" 

1,irlatinx's silarrtrw 
Si?;l,rtn I . 't i 3;trrow 
I ~ r r  k. sparrow 

R~%ident  
R~%iidcrrt 
Rcsiderr ll 
M~gr;~na 
Migrant 
R~3i~Bcnt  
Migrant 
Migrant 
Migrant 
Kcsidctl t 
Kaident 
hligrane 
Rcsitdent 
Resident 
R ~ i d e n t  
Rcsidcnt 
h2ipr;tnt 
Kusitfcnf 
hlrprarat 
Rcsrdcnx 
hl~gnrnl 
Migrant 
Migrant 
Rardcnt 
Kcsicfcnt 

M f I~rrrfr(crfrsinrtd sc.:~rt,n~$ltty ~rlcitt  ,ilea Ih:it. tttc spccics p rc -xncc  v,trrc.& Iront ycdr t t ,  ycS.rr ctr  &hill rcp'rct.ti 
ak.ruati,rnt.c* tn fhc I L ~ c ' ~ . P ~ ~ ~ I C  ~ J I S . L ~ I C C  with CIIHC dz~oghci  o r  w i t i ~  thc ~ t ~ g ~ e t t c n c x  :*'Iff ii)i':ti 1?ii>fogists+ 
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