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MEMORANDUM 

December 13, 2007 

To: Dr. Susan Roberts 

From: Dr. Sarah Allen 

Reference: List ofNPS reference materials 

1. National Park Service (NPS) documents (see list below) 
2. Articles referenced in NPS documents (see list below) 
2. Other articles used as background infonnation by NPS (see list below) 
3. Website for infonnation provided by the California Department ofFish and Game 
http://www.dfg.ca.gov/marinei 
Additional websites are referenced in the NPS documents 

4. Other reference materials not sent to you include books which we could mail to you if 
you wish copies: 

Galloway 1977 
Miller and Lea 1972 

5. There are also a few documents that we are getting in digital fonn and will send to you 
shortly. 

My contact infonnation is: 

Point Reyes National Seashore 
Point Reyes Station, CA 94956 
Phone 415-464-5187 
Fax 415-464-5182 
sarah_a11en@nps.gov 
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Tuesday, November 20, 20073:47 PM 
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Attachments: Drake's Estero - Sheltered Wilderness 0705ll .pdf; NPS ClarifICation of law, policy and 
science on Drakes Estero 9-1S-07.pdf 

Drake's Estero - NPS Oarification 
Sheltered WIt.. of law, poll ••. 

Hello SUsan - -

You asked me last week about the sentence in our proposal: llDid the NPS draw the correct 
conclusions from the body of scientific studies, and did they present them correctly to 
the public? 

NPS has intended to use available studies in preparation of an Environmental Assessment 
for the "Reservation of Occupancy and Use" that permits Drakes Bay Oyster Co. (DBOC) to 
operate in Drake's Estero. The prior operator had been grandfathered, but when Mr. Lunny 
purchased the company in 2004 , NPS recognized its obligation under NEPA to conduct an EA. 
Pursuant to this effort, NPS also published on its web site a document entitled "Drake's 
Estero, A Sheltered Wilderness Estuary, II that reported some in,itial findings regarding the 
effects of the oyster operation. After objections from Mr . Lunny and Dr. Goodman that some 
claims made in that document were not supported by the cited research, the report was 
modified. 
Upon further challenge, NPS produced a document entitled l1NPS Clarification of law, 
policy, and science on Drakes Estero . " Both of these documents are attached. 

To be candid, the various statements made by DBOe and by Dr. Goodman, and the various 
responses made by NPS, make it nearly impossible for me to provide you with a 
comprehensive picture of the issue and its assorted filaments . Should NRC agree to 
undertake the proposed study, all of those communications can be made available to NRC, of 
course . I believe I explained previously that an investigation by the DOl Inspector 
Generalis office is presently underway and is expected to be concluded soon . I believe the 
lG's report, presuming it is not confidential, likewise can be made available. 

Sincerely, 
Dave Graber 

(See attached file, Drake'S Estero - Sheltered Wilderness 070511.pdf ) (See attached file, 
NPS Clarification of law, policy and science on Drakes Estero 9-1 B- 07.pdf) 

Dav id M. Graber , Ph . D. 
Chief Scientist, Pacific West ~egion , 
National Parks 47050 Generals Highway 
559.565.3173 voice 559.679.5999 cell 

National park 
Three Ri vers, 

559.565 . 4263 

1 

Service sequoia & Ki ngs Canyon 
CA 93271-9651 
fax david_graberanps.gov 
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Point Reyes National Seashore 

Drakes Estero 

A Sheltered Wilderness &tuary 

The waters of Drakes Estero were designated by Congress as potentini wilderness by 
the 1976 Point Reyes Wilderness Act (Public Law 94-544). It designated 25,370 acres 
as wilderness, and 8,002 acres of potential wilderness. This is the only federal marine 
coastal wildemessfrom Washington State to the Mexican Border. Only 11 marine 
wilderness areas exist in the US. 
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Drnkes Estero 
A Sheltered Wilderness &tuary 
~£!<9round 

Drakes Estero is within Point Reyes National Seashore, established in 1962. The 
estuary is the only coastal bay with special congressional designation"" wild ... ness in 
the western United States, south of Alaska. The estuary was recently designated a 
West..-n Hemisph ... e Shorebird Res..-ve Network (WHSRN), a site of Regional 
Importance in the U.S. Shorebird Conservation Plan because it is important to a great 
diversity and abundaru:e of shorebirds. A portion of the est ... o is currently managed as 
Wilderness and the remainder is potcntial wilderness that will be fully managed as 
Wild..-ness when a maricuJture lease expires in 2012. Drakes Estero is adjacent to 
Estero de Limantour, a State Ecological Marine Reserve, established in 1974 by the 
California DepartmenI ofFish and Game. Coastal acruh and grasaland habitat 
surrounds the estuary; and the only currem human activities on. or adjacent, to the 
estuary include recreation, callIe/dairy grazing and oyster fanning. 

. At the time of p\D.'Chase in 1972, the National Seashore provided a 40 year Reservation 
of Use and Occupancy Agreement to Johnson's Oyst ... Company (lOC). The 
agreement allows for use of a park site for oyster processing, bnt requires compliance 
with local, state, aoo fe<ier8 l laws and rcg."latiol1$. Tl>e agr~ent expires in 2012 . .Ia 
2005, the JOC sold tile l~sehold int ... est 10 Ihe Drakes Bay Oyst ... Company (DBO). 
At the time of the sale, til" NPS notified DBO that the lease would ""pire in 2012. 

The wat .... of Drakes Estero were desi gnated by Congress •• potential wiJdWlcss by 
the 1976 Point Reyes Wilderness Act (pubtic Law 94-544). It designated 25,370 acres 
as wilderness, lll'.d 8,002 ::crC8 of pc:e.nJia! wilda-ness. Til<: legislative history (House 
Ropcrt 94- !(80 ) indicates Congr=iooolinlen!; "it i$Ih~~ intentioD thal thooe lands 
and waters designated as potential wilderness, to the extent pos-.ible, with efforts to 
steadily cORlinue to remove all obstacles to the eventual conversion of these land and 
waters to wilderness status." This is the only federal mariDe coastal wilderness along 
the Pacific coast from Wasbington to the Mexican Bor<kc. Only II marine wilderness 
areas eo<ist in the US. 

The need for wilderness and the refuge It offers to A mericans will only increase 
with the passage of time. Our generation of Americans has an obligation to 
preserve for future generations more areas that qualify for wilderness designation. " 

--Theodore Roosevelt IV 

The Gen..-aI Management Plan (GMP, 1980) designates the estuary as wildomess, 
where no mechanized equipment or development may occur. 
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The estuary area of approx:imately 1,000 acres is used by DBO for oyster cultivation 
und", • lease by the California Department ofFish and Game (CDFG). The ocean 
floor was ceded by the State ofCalifomia to the National Park Service, c:x:cept for the 
"right to fish." The estuary floor is thus owned by Point Reyes National Seashore. 

The 2001 NPS Management Policies direct 8taffto actively seek to remove from 
potential wilderness the temporary, non-conforming conditions that preclude 
wilderness designation (6.3.1 Wilderness Resooroe Management). Moving from 
Congressionally authorized potential to fnll wilderness status is an administrative 
action only requiring publishing a notice in the Federal Register. 

Point Reyes legislation also stipulates thst ''No freehold, leasehold, or lesser interest 
in any lands hereafter acquired within the boundaries of Point Reyes National 
Seashore shall be conveyed for residential or commercial purposes e><ccpt for public 
accollllllOdations, facilities, and services provided pursuant to the Act of October 9, 
1953." 

"Wilderness is a resource which can shrink but not grow. Invasions can be 
an-ested or modified in a manner to keep an area usable either for recreation, or 
for science or for wildlife, but the creation of new wilderness in the full sense of the 
word is impossible. " 

-Aida Leopold, Sand County Almanac 

The activities of Johuson' s Oyster Company (JOC) proOOced many adjudicated 
environmental problems. As a condition of a stipulated agreement (Marin County 
Superior Court No. 165361, March 1997), JOC was ordered to complete sev .... 1 
actions, including obtaining building permits and upgrading facilities and septic 
systems to meet state and county code requirements. DBO is in the process of 
upgrading the facilities but is still Wlder a Cease and Desist Order from the California 
Coastal Commission. 

3 



(' 

Under this order, DBO is required to obtain a permit from the California Coastal 
Commission for the facilities, but has not yet acquired a Coastal Development P..-mit 
for its activities. 

DBO wishes to extend the lease past 2012; NPS has instructed DBO that the issuance 
of a new lease cannot be extended beyond 2012 because of the GMP, NPS 
Management Policies, and the enacted Wilderness legislation. 

Point Reyes enabling legislation indicates that natoral environment will be the 
park's first priority. 

"the property QCqllired!Jy the Secretary under IJUCh sectiOTlS shail be admin;"tered!Jy the Secretary 
without impairment of its natural values, in a manner which provides for such recreational, educational, 
historic preservation, interpretation. and scientific research opportunities as are consistent with, based 
upon. and supportive of the maximum protection, restoration. and preservation of the natural environment 
within the area . ... (16 USC Sec. 459c; Enabling Legislation for Point Reyes National Seashore) 

An ecosystem consists of int ..... ctions of plants, animals, and microorganisms with 
their physical (e.g., .oil conditions and processes) and climatic conditions. The 
primary natural processes that drive the ecological function of any estuary, including 
Drakes Est ... o, are the terrestrial hydrology (the timing and amonnts of freshwat ... 
inputs), sedimentation from land and sea, terrestrial nutrient loading. and ooastal 
shoreline change from tides, storms and sea level rise. The presence and abundance of 
plants and animals are based on their ability to adapt to these processes and eek out a 
living in microhabitats within the larg..- estuary. 

Drakes Estero complex is a large, oonvoluted coastal estuary with one narrow, 
unobstructed opening to Drakes Bay. Shoped like a hand, the estuary consists of five 
fingers that feed into a 1,300 acre central hoy; the estuary reaches a total ares of2,270 
acres at the highest tides. Geologically, the estuary is recognized as a system of 
drowned river valleys invaded by the sea. Sea level rise following the Late Pleistocene 
glacial period formed the contemporary estuary 6,000 years ago. The depth is mostly 
shollow, less than 6 feel deep, with a deeper channel (about 25 ft) that traverses the 
main bay. Intertidal sand and mud fiats CIl<posed at low tide make up approximately 
1,200 acres of the estuary (Anima 1990). The estuary is surrounded by low bluffs 
composed of the Drakes Bay Formations which includes fine-grained siltstone 
emhedded with mudstone (Galloway 1977). The bay is protected from ocean wave 
action by the sand spits of Drakes and Limantonr Beaches (Mudie and Byrne 1980). 

The sediments of the onter estuary near the month consist mostly of sand, which is the 
iong shore transport of sand in Drakes Bay and the overtopping by tides and storms of 
the saudspits near the mouth. Rocky boUom is limited to the deep channels at the 
seaward pai of the estuary near the mouth; no boulders were found in cores taken 
within the estero (Anima 1990 and Harbin-Ireland 2004). Pebble and oobble stones 
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are limited to a few plac<s along the shoreline in parts of Estero de Limantour, along 
bluffs in the main part of the bay and along the east shoreline in Home Bay. 

Wilderness areas only comprise about 2.5 percent of all the land in the lower forty-eight 
states. 

Tidal exchanges occur through a narrow inlet that is 21 feet deep. Tidal exchanges are 
cycled completely with a tidal bore that travels the length of tbe estero to Bull Point; 
however, exchanges are less complete in the fingers of the sere. The deepest point is 
25 feet at the first bend along the major channel from the entrance. The tidal range is 
twelve feet from -6.0 to 6.6 feet with currents ranging between 32 cm/sec to 46 em/sec 
(Anima 1990). Because the estuary is mostly shallow, the water oo1umn is well mixed 
from wind and tides, resulting in a mostly homogenous saline level. Salinity ranges 
measured in 1987-88 varied little between the upper and lower reaches of the esruaty 
(33.67-34.356 ppt; Anima 1990). 

Ih;'e ~~;:=;,:: 
grass beds. Photo C Ratort C"",pi>el! 

In Drakes Estero, natural sediment and nutrient loading is relatively moderate and 
attributed to shifting sand bars and decomposed granite from streams. Freshwater 
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feeds iuto the estero from six perennial streams and four ephemeral streams/springs 
that drain the small wat .... heds surrounding the 7,847 acre estuary. The water quality 
throughout the estuary, as measured by the presence of colifonn, is well within the 
safe established limits measured by the California Deparlment of Public Health (NPS 
report 2006). HOOle Bay had a spike of devated colifonn counts when a septic system 
failed. This septic system, though, i. being replaced by the Seashore in 2006. 
Ran<:hing in the watershed is limited to grazing around 1000 cattle managed by five 
separate ranches. None of Point Reyes' dairy ranches are within the Drakes Estero 
watershed. 

Within DrakCs Esla'o, there are several distinct, natural habitats. Along the shoreline, 
the dominant habitats are sandstone flats (as occur at Bull Point), mudflats along the 
inner flng ... bays and sand flats near the mouth. Pickleweed (SaJicornia virginica), 
arrow-grass (Triglochin maritima) and saltgrass (Distich/is spicata) are the dominant 
shoreline native vegetation; however, the sire and number of marshes are limited. 
Within the estuarine waters, dominant habitats include mudflats and sand flats 
e.posed at low tides, eelgrass beds, and soft-bottom substrate. Cobble and hard 
substrate is limited toWards the mouth of the estuary. Each habitat supports distinct 
communities. The dominant plants and animals of the estuary that are maj or driVenl of 
the estuarine ecosystem include eel grass beds, invertebrates in the soft-bottom 
sediment, estuarine fish such as herring, migratory waterbirds and sborebirds, and 
harbor seals. 

Eelgrass beds are highly .!gnifl~ant 10 the ecological function of the estuary because 
they provide cover, rood and a nurSerjrfor fish and iilYerlebrates. The eelgrass beds of 
Drakes Estero iuclude around 642 aaes, or 36% of the estuary. Several marine species 
spend their lar\'Rl and juvenile stages in eelgrass beds sueb as lingcod, English sole, 
speckled sanddab, several species of nearshore rockfish, and Dungeness crab (see 
LlIIlIOn and Mello - www.dfg.ca.govllooal). Large, eelgrass beds are found in only a 
few estuaries in California and many species are entirely dependent on them for a part 
of their life cycle. For example, within Drakes Estero many species StWh as Pacific 
berring, bay pipefish, gammarid and • • ",ellid Iffilj)hipods, the sea slug (Phyffapfysi(! 
faylori), and several shrimp species are directly dep<:noott On eelgras$ beds . . . 
The native invertebrates of Drakes EsIa'o are primarily species adapted to soft-bottom 
sediment and eelgrass beds, and rarely include the common species found in rocky 
intertidal habitats around Point Reyes, sueb as \impets, ebitons, mussels, and native 
oysters. In Drakes Estero, the dominant species that filter feed phytoplankton from the 
water column are bivalves such as Nutricola sp., Washington clams (Saxidomus 
IlUttaIfi), gaper clams (Tre3U3 capax), and rock-\loring piddock clams atBull Point 
and the mouth oftbe Estero. In addition, pr«iominantly deposi l-fecdillgMocoma 
clams, whicb filter-feed, are found in densities up to 250 per square meter in the outer, 
sandy tidal flats of DrakCs Estero. Addition~ dominant benthic invertebrates include 
tanaid crustaceans (Leptochelia dubio), cumaceaos (Cume/ttl wrgaris), pboronids 
(PhoTonopsis viridis), sbore crabs (Hem/grapsus oregonensis), gammarid arnphipods, 
polychaete wonns, and ostsracods (Harbin-Ireland 2004, Press 2005). Native limpets, 
oysters, mussels and chitons have never been abundant in the esteros due to the lack 
of rocky substrate, except towards the mouth of the estero. Currently, there is a 
modest number of invasive invertebrate species in Drakes Estero relative to a highly 
urbanized estuary sucb as San Francisco Bay, such as green crabs (Carcinus maenas). 
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Approximately 60 fish species have been documented in the area (Miller 1972, 
Wechsler 2004, D. Jacobs, unpubl data). A rec<nt study identified 35 species from 20 
families. Five species were dominant and represented 89"10 of the IlSh assemblage, 
including topsmelt, three-spined stickleback, staghorn sculpin, bay pipefish, and kelp 
surfpcrch (Elliott-Fisk et aI. 2005, Wcchslet 2004). Steelhead trout, a federally 
protected species, were documented in a tributary to Schoonet Bay in the late 1990s. 

The bird life in Drakes Est«a and Estero de Limantour is highly diverse and 
abundant, and the esteros are recognized as signifi.cant sites for bird conservation. The 
Fish and Wildlife S«vice recognized Drakes Estero as a Westan Hemisphere 
Shorebird Reserve and as significant for the conservation of shorebirds in the 
Soutbern Pacific Shorebird Conservation Plan. The maximum population of aU 
sborebirds combined was estimated at between 10,000 and 100,000, and the estero 
regularly holds thousands of shorebirds in winter (Hickey et aI. 2003; 
btlp:l/www.waterbirdconservation.orgl). AsimiJar designation is pending for 
waterhirds. 

PRBO ider,\il1ed over I 00 ~pecies Of'w81e.::l,;irds and shorel!jrJls during winter surveys 
in the 1980. and !~97-99 (White 1999), and 86 spcci"'l of buds at Qrake's Cove 
durillg 2004, with counts ofBufflehcads, Ruddy Ducks , Western Sandpipers, Least 
Sandpipers, and Dunlin numhering over 1000 inilividuals. PRBO and NPS biologists 
identified several fedetal threatened, endangered, or species of special concern such as 
Osprey, White Pelican, Brown Pelican, Peregrine Falcon, Black Brant, Western 
Snowy Plover and Marbled Murrelet. During the late summer and fall, shorebirds and 
waterbirds arrive and stay in the estero throughout the winter months to feed and rest. 

The bird life in Drakes Estero is highly diverse and alnmdant, and as a consequence, 
the estero is recognized as a significant site for conservation. 
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The estero is ooe of only a few locations where thousands of Black Brant over-winter 
where they rest and reed on eelgrass (Shuford et a!. 1989). "Brant is a holarctic 
species (it bas populations in boreal regions all around the world) that nests on tundra 
near saltwater environments" ( l ltm~(f·Jlww.nr1m, 0la/c",b .. <i C tlf~). They are on the 
Audubon species Watch List hecause of their sensitivity to habitat loss. From the 
summer through December, hundreds .to thousands of Brown Pelicans, a federally 
protected species, congregate at the est<l'06, feeding on large schooling fish such as 
anchovies, herring and smdt, and resting on tidal mudflats. Other species that occur in 
large numbers are Caspian Terns, Gadwall, Ruddy Duck, American Widgeon, 
Buffiehead, and Green-winged Teal, Western and Least Sandpiper, Dunlin and Black
bellied Plover. In the past 15 years, an egret colony formed near the mouth of the 
estero where Snowy Egrets, Great Egrets, and Great Blue Herons nest. In the past, 
Snowy Plovers nested at the mouth of the estero, but have nOl since the late 1990s due 
to predation, changes in habitat and disturbance. 

WQten .m,l.h"",I;no 
provitk a he",. to Qver a 100 spocies of bird!. PhotQ Q Ri<;iI Stallellp. 

Harbor 8es1s are the only year-round, resident marine mammal in the estero. Other 
marine mammals that occur inttnnittent1y include California sea lions and na1bem 
elephant seals. The narrow mouth of the estero is restrictive to larger marine 
mammals; although, several dead whales have washed into and deposited at the mouth 
of the estero including an adult male sperm whale. The harbor seal popnlation within 
the estero is one of the Isrgest concentrations in California, amlUally producing 
between 300 and 500 pups, and reaching a maximum of nearly 2,000 seals during the 
breeding and molt sessoos (Allen et al. 2004). Drakes Estero is largest seal colony in 
Marin County and one of only five major seal colonies at Point Reyes. All together, 
the Marin County colonies represents around 20"A. of the state mainlsnd population of 
harbor seals, and are the highest concentration of seals in California (Allen et at. 
2004). Seals that breed in the estero range nearly 500 km north as far as the Smith 
River in the winter months but return to Dtskes Batero to breed (Allen 1988). The 
colony at Drakes Estero has grown significantly over the past 10 years, in part because 
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the park implemented a seasonal closure to kayaks during the pnpping season and 
because JOe was operating at a reduced level in the mid-1990s (Vanderhoof and 
Allen 2005). The pup count in 1986 was 255 compared with 464 in 2004, an 82% 
increase. 

Photo 

'-

Drakes Estero is one of only 5 major seal colonies in Point /?£yes and together 
represent around 20% of the state mainland population of harbor seals. the 
highest concentration In the state (Allen et al. 2004). 
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Ocean health globally is in dire condition according to a recent publication in the 
Journal Science (Worm et at 2(06), and if the long-tmn trend continues, all fish 
species are projected to collapse within the next SO years. Already, the resesrchCS'S 
found that 90 pen:enl of all the fish and seafood species in the world's oceans have 
been depleted within the past century. Seven percent of the fish in several studies 
already have become extinct. Significantly, less than I pcccent of the global ocean is 
effectively protected right now. Despite inclusion in this 1 %, most ocean parl<s are 
experiencing degradation, deterioration and extirpation of species. 

Ocean parks have been degraded by habitat altecatioll8 that have had a cascading 
effect on ecosystem function. Coastal waters have been degraded by water diversion, 
chemical and biological pollution, oil spills, and noise. Invasive non-native species 
have been introduced through bilge water, mariculture and recreational activities that 
further degrade ecosystems and water quality. 

Specifically in Drakes Estero, ecological function has been degraded and altered over 
the past several decades due to activities associated with oyster farming and ranching. 
Other than the oyster operation, there i. no development along the shores of the 
estuary. 

Sedimentation rates and types of malctial have changed because of a combination of 
factors over the past 150 years. The primary water arteries into the estuary were 
dammed by ranchers to create stock ponds for cattle. These impoundments reduce the 
flushing action of winter rains and the size of marshes at the stream mouths flowing 
into the esteros. The commercial oyster operation has also changed the type and rate 
of sedimentation wbere oyster equipment is located. The oyster operation included I) 
stakes with plastic tubing that were embedded into intertidal mudflats, 2) bags that 
were placed on top of the intertidal mudflats, and 3) racks that were located on 
mudflats and open water channels. Oyster bags and racks have been documented in 
Drakes Estero and elsewhere to trap fine particulate sediment resulting in an alteration 
of hydrologic functinn and the type of substrate, and have integrated feces into the 
sediment below and around the structures (Anima 1990, Cranford et al. 2003, Porter et 
aI. 20(4). The reduced freshwater flushing from the watershed enables fine-grained 
sediments to hui1d up within the estero around the oyster racks. USGS (Anima 1990) 
collected sediment cores from the estero and identified pseudo feces of oysters as the 
primary source for sediment fil1, lIS has been seen in studies elsewhere. An estimate of 
0.6 to 1.0 metric tons offeeal matter can be produced per year by a 60 meter square . 
oyster raft. This sediment material is resistant to erosion because oyster racks are 
located in upper resches of the estero where tidal action is lowest and the arrangement 
of the oyster racks acts as a "hallie to tidal currClllS where rack dell8ity is highest 
. .. silt material accumulates on the leeward side of stacked oyster beds (Anima 1990)." 
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The ecology of the estero is altered by cban~ in hydrology and sedimentation, which 
in tum change habitats and their associated species. Eelgrass beds, for example, in 
Est...., de Limantour where there is no oyster fanning, had bigher dCllSities of standing 
stock, as measured by the number of turions and blades, compared to Drakes Estero 
(AMS 2002). Eel grass is very sensitive to light, nutrients, pollution and 
sedimentation, and is thus an excel1mt indicator of estuarine health. Oyster fanning 
reduces the amount of light available to eelgrass bed. because of shading by racks, 
increases the amoIDlt of sedimentation due to deposition of oyster pseudo-feces and 
trapping sediment, and contributes pollution from !rested construction mat<rials and 
from general operations (trash). Researchers from Oregon State University found 
through experimental tests that both stake and rack culture (as practiced in Drakes 
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Estero) reduced subm""ged aquatic vegetation by 25% afu:r one year. This W88 

attributed to increased sedimentation and disturbance during placement and harvest of 
stakes, and increased shading and <rOSion und"" racks (Everett et aI. 1995). They 
conclude that th""e is the potential for llignificant loss of submerged aquatic 
vegetation due to oyster culture. UC Davis researchers working in co-operation with 
the NPS have qualitatively noted that eelgrass growth is SevE2'e\y restricted under 
active oystt.r racks in Drake'. Estero (Elliott-Fisk et aL 2005). 

In 2003, Wechsler noted that,3S oyster racks were in op<ration, which would affect. 
5,700 square meters (nearly 1.5 acres) of affected eelgrass covt.r. A reswvey of the 
racks by NPS scientists ill 2007 found that tbe number of active racks had increased 
by 66%, to a total of 63 active racks. There are a total of 93 oyster racks in 
varying states of integrity in Drakes Estero. On 03/1312007, 63 racks were 
usable and had some mariculture activity (2 of which were receutly repaired), 3 
appeared usable but had no maricuiture activity on that day, and 27 racks were 
so dilapidated that they are unlikely to be usable without repair. The wrusable 
racks ranged &om frames with no cross members for banging oysters to merely 
a set of old posts. 

A total of 89 of the 93 racks were in eelgrass beds, but no usable racks and 
very few dilapidated racks bad eelgrass growth underneath. Seven of27 
dilapidated racks had some eelgrass regrowth, likely due to lack of rnaricu1ture 
on the racks. The area of racks within eelgrass beds but no eelgrass growth 
underneath oyster racks was 8 acres. 

There are 12 areas wbere oyster bags are scattered in intertidal areas covering a 
total of approximately 10 acres (some site areas estimated &om a distance). 
Since eelgrass does not grow in intCrtida1 areas, these bag sites come up to the 
edge, but are not within eelgtass areas. There were also many anchored and 
floating oyster bag lines which were mapped. Two oyster bag arrays 
(approximately 5 acres) were within a regular harbor seal haul out site, and one 
other oyster bag site was within 50 meters of a regular harbor seal haul out site, 
however, no hauled out seals were sighted on tbis survey. 

In total, all oyster growing activity covers -18 acres in the estero. However, 
recent aerial images indicate the impact is much larger approaching 50 acres. 
Hwmeds of channels cut into the eelgrass by boat propellers affect a IDICh 
larger area. Frequent disturbance by boat traffic may significantly alter eelgrass 
coverage. 
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Campbell). 

Most of the apparently older and larger oysters growing on racks had extensive 
lIOn-native; highly invasive tunicates (Didemnum Species A) growing on them 
(See images). This species is an aggressive invader that has had substantial 
ecosystem and financial impacts in New Zealand, several west coast estuaries 
and the Grand Banks offNewfuundland. Other fuuling organisms (native and 
non-native sponges, tunicates, bryozoans, and mussels) were observed on both 
oysters and racks throughout the estuary. 

13 
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Campbell). 

D.nse assemblages of oysters may reduce recruitment of other species with a 
planktonic larval stage and reduce plankton in the water column by filter-feeding. This 
feeding limits the amount of food available to native bivalves and ostracods. Clam 
abundanc. is reduced under oyster racks, possibly due to changes in bottom sedim.nt 
grain-size, particulate organics that contribut. to higher sulfide levels, a: incr.ased 
predation by fish and decapod crustaceans attracted to the oyster racks. In other parts 
of Drakes Estero, clams can be found in extrem.ly high densities - up to 250 per 
squar.met .... 

A recent California Department ofFish and Game Report (March 2007) indicated that 
the estuary now holds approximately 9,000,000 individual non-native oysters and 
1,000,000 non-native Manila clams. Oysters ge_ally filter - 50l¥'day, thus 
450,000,000 gallons of wat..- may be filtered by the non-ll8live oyst..-s in the bay. 
depriving native species of these plankton resources. This is about 10 times the 
volume of a large oil tanker filtered ev ... y day. "The result of culturing bivalves in 
systems such as Drak", Est..-o is thst there is a shift in the carbon from the pelagic 
food web to the benthic food web ..... we would also expect a shift in a:ganic matter 
and nutrients to the bed. The pelagic to benthic shift can result in quite dramatic 
losses in the pelagic communities (zooplaokton and fish) as have been seen with some 
""otic bivalve introductions (Zebra Mussel, Asian clam)" (Dr. Janet Thompson, a 
USGS benthic scientist, letter dated May 7,2007). 

Oyster racks create habitat in the estero by acting as a hard surface substrate in an 
ecosystem composed of predominantly sift-bottom substrate. This direct change in 
hobitat substrate significantly alters the native species composition and abundance. 
and provides habitatfor non-native species. 
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Wechsl ... (2004) detected few Pacific herring; even though this spocies was 
historically foond in high numbers and spawns in eelgrass beds (Blunt 1984). D. 
Jacobs surveyed for tidewat ... goby, another tederally listed species, throughout the 
seashore in the mid-1990s and did not find them in Dralccs Estero, speculating that 
they may have been extirpated by the presence of predatory, non,native fISh (D. 
Jacobs, pcrs. com.). 

Disturbance and displacment of wi1dlife by oyst ... farming activities have been 
documenud at Drakes Est..-o and e1sewb..,e. Kelly et aI. (1996) documented how 
oyst.., racks influenced shorebird use of tidal flats in Tomales Bay by enhancing 
feeding opportunities and food for some species, such as gulls and willets, while 
decreasing them for others, such as the dunlin. Additionally, the bags create an anoxic 
dead ZOne tmdemeath by smothering native infauna and trapping sediment; 
consequently, there is less food available in the mud for birds to l\:ed on. Curnmly, 
there are thousands of oyst ... bags on mudflats in Drakes Estero throughout the estero, 
and the uumber of shorebird species and their distn"butuion may be affected. 

I "='~ -=-. -~vII.. -,' 
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Dilapltklt.d U)'3rer roCkS Within Drakes ESiera. 

Harbor seals have been directly affected by oyst..- operations in the 1970s-l990s 
because of disturbance to seals resting onshore; and seals have been affected by 
placement of racks 00. tidal sandbars wb= they rest and pup (Allen, pers. com.). Seal 
haul out sites in the upper estero are more important to pupping seals than those near 
the moutb, so moth..,. with pups were disproportionately disturbed when disturbance 
was caused by the oyst.., operation (Allen 1988; pers. obs.). During the early 1980., 
seals at Drakes Est..-o w ... e disturbed on 29% of the days surveyed; primary sources 
for disturbance were fish..-men (38%) and boats (28%) (Allen and Hub.r 1984). 
Kaysks w ... e restricted during the breeding season (March·June) in 1995 and the 
oyst ... activity declined signiflC4lltly in the 1990 •. Consequently, the number of 
disturbances declined within the estero from both tbe oyst..- operation and kayaks 
(Allen et al. 2004). During the breeding season, researchers observed seals disturbed 
by motor boats associated with the oyst ... operation six times in 1997 and once 
between 1998 and 2001. Disturbances to resting and breeding seals increased 
dramatically in 2007. Since March, parl< biologists documentedoyst ... boats 
disturbing mothers with pups, and they noted that oyster bags were located on 
sandbars wh..-e seals would normally give binh and nurse their pups. One area where 
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250 seals nursed more than 100 pups two years ago, have around 50 total seals 
including around 25 pups in 2007, an 80% decline. 

Non-native species can have profound effects on ecosystems by changing ecosystem 
structw'c. function, species abundance, and community composition. 1be introduction 
of non-native, invasive species by oyster operations has been documented for decades 
in Marin County (Bonnot 1935, ClII'lton 1992, Cohen and Carlton 1998) and is a 
major concern (California Department ofFish and Game 2001). Carlton (1992) 
summarized the introduction of 28 non-native species of mollusk into estusries in the 
Pacific by oyster opa-atioos. Hard str\X.11a'es used to cultivate oysters pl'ovide habitat 
that would not otherwise exist, supp<:lting non-native invertebrates and fish. 
Examples of non-native species introduced into Drakes Estero include gem claro, 
green crab, slipper snail, Japanese oyster drill, Atlantic oyster dn11 and 
Batillaria.attramentaria The non-native Batil/aria, a gsslropod. was introduced with 
Japanese oysters to California and was documented to displace the native confiunillial 
species in northern California (Byers 1999). This invasive gsstropod was found in 
Drakes Estero (Byers, pers. com.; Press, pers. com.). Elliort-Fisk et a1 (2005) noted 
that "the marine invertebrate fouling community of sessile organisms coold be 
propa-Iy characterized as "introduced" and "invasive" due to lack of hard, shallow' 
water substrate in Drakes Estero. This community is present and associated with the 
oyst ... farming operation in Schoona Bay, but nearly non_istent in Estero de 
Limantour." 

One, invasive, non-native!!pecies fo.und o,n oyster farming strucrnrcs in Drakes Estero 
was the colonial tunic are (Dide1l1lltlm spp.), ;i highly aggressive, iilv~sive species that 
could alter Drakes Estero ecology. "In the Northwest Atlantic, a closely related 
species has covered 50-90% of the George's Bank. Such coverage can smother 
organisms living on the bottom and in the sediment, and block the settlement of larvae 
(http://www.sfei..orgl). A small infestation of the species was also found on natoral 
sandstone habitat at Bull Point in May of 2007. Removal of oyster racks in Drakes 
Estc<o would elimipate habitat for this invasive species. 

Harlx>r seals resting on sand bar. Photo by Jamie Hall. 
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Natural Resouru Si&nificance 

• Only congressionally designated coastal bay wilderness area in the western United States, 
south of Alaska. 

• Adjacent Estero de Limantour is a recognized as a Marine Reserve by the state of California. 
• One of only a few silea with significant eelgrass beds which are specially protected by 

California and critical for many species, including spawning fISh, over wintering Black 
Brandt, and invertebrates. 

• A Western Hemisphere Shorebird Reserve Network, identified as significant for the 
COIlBcrvation of shorebirds in the Southern Pacific Shorebird Conservation Plan. 

• PRBO ideotified over 100 species of birds during winter surveys in 1999 anti 2000, including 
several listed species or species of special concern such as Osprey, White Pelican, Brown 
Pelican, Peregrine Falcon, Black Brant, and Marbled Murrelet. 

• The estuary is very important to over-wintering Black Brant that only migrate to a few places 
along the PacifIC Flyway. 

• The estero is important to resident and spawning fISh where they are associated with eelgrass 
beds and benthic sediment. The fede.-ally listed steelhead trout spawns in the Schooner Bay 
tributary. 

• Hamor seal population is one of the largest in the state of Califomia and the largest in Marin 
County, with as many as 2,000 breeding/molting individuals and 300-500 pups, annually. 

Oyster farming Imp*,tJ on tlIe ecolopal communities of Dralr.el Estero 

• A USOS researcher stated that a source for sediment fill in the estero was from oyster feces 
and from structures trapping sediment. . 

• Eelgrass beds are found in all suitable habitats within Drakes Estero, except between active 
oyster racks, where they do not exist due to shading and possibly other effects. In 2003, with 
38 active oyster racks, this amounted to at least 1.5 acres of lost eelgrass cover 

• Oyster racks and bags provide structural habitat that does not natum11y occur in the estero 
except in limited areas. The equipment and structures change the commuuity composition and 
abundance of species and provide habitat for invasive, non-native species. 
o Invasive organisms were !bund on the hard substrates provided by the oyster racks in 

Schooner Bay. These orgsnisms were limited in Estero de Limantour where no oyster 
facilities exist. 

o The invasive non-native species, Didemnum spp., is commonly present on oyster tacks 
and is a highly aggressive, invasive species that could alter Drakes Estero ecology. 

o Schooner Bay, where there are many oyster racks., supported a different fISh community 
than Estero de Limantour where no mariculture occurs. 

• Clam abundance is reduced under oyster racks, possibly due to changes in bottom sediment 
composition or increased predation by fish and decapod crustaceans attracted to the oyster 
racks. In parts of Drakes Estero, clams are found in extremely high densities away from oyster 
racks - np to 250 per meter squared. 

• The oyster operation is a potential source for many invasive species because non-native 
species hitchhike on oysters and equipment that are brought to the estero. 

• Placement of oyster bags and tacks in intettidsl mudflats and sand bars displace wildlife such 
as shorebirds and harbor seals because of spatial coverage of racks and disturbance by oyster 
operations. In 2007, oyster bags and disturbance have reduced one sub colony by 80% 
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" ... without impairment of its natural values. in a manner which 
provides for such recreational. educational, historic preservation, 
interpretation, and scientific research opportunities as are 
consistent with, based upon, and supportive of the maximum 
protection, restoration, and preservation of the natural 
environment within the area. " 

P.L. 94-544 and 94-567 establishing the Point Reyes Wilderness 
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High 

List of documents 12-07_doc 

Dave Graber, PWR 
put together the 
end of the week . 
resend it. 

Chief Scientist, has asked me to provide you with information. I have 
reference materials on both a ftp site and a CD which I will mail by the 
If you do not receive it by early next week, please notify me and I will 

Access to the National Park· Service ftp site is as follows: 

ftp://63.220 .43.40/ 

user name: npsftpwin 
psssworkd:  

, .. 

Once you access this site, navigate to the PORE folder and to then the folder with you 
name - Susan Roberts-NAS 

/PORE/Susan Roberts-NAS 

Within this folder are several subfolders containing the reference material. There i. 
also a word document with a list of all references which I attach here. Forgive the small 
print , but I copied the list as a scre en in the interests of savi ng time . I will have a 
couple more articles to follow by next week . 

If you have any questions, 
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monday, December 17th. 

I can be reached at the work phone number below but also by 
I am not in the office this friday but will be back next 

Sincerely, 

Sarah 

(See attached file: List of documents 12-07.doc) 

Sarah G. Allen, Ph.D. 
Senior Science Advisor 
Point Reyes National Seashore 
Point Reyes Station, CA 94956 
Phone 415-464-5187 
Fax 415-464-5182 
sarah_allen@nps ,gov 
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MEMORANDUM 

December 13, 2007 

To: Dr. Susan Roberts 

From: Dr. Sarah Allen 

Reference: List ofNPS reference materials 

1. National Park Service (NPS) docwnents (see list below) 
2. Articles referenced in NPS documents (see list below) 
2. Other articles used as background infurmation by NPS (see list below) 
3. Website for information provided by the California Department ofFish and Game 
\m)lIlWWW.dli·C!I·~oVlgwine/ 
Additional websites are referenced in the NPS documents 

4. Other reference materials not sent to you include books which we could mail to you if you 
wish copies: 

Galloway 1977 
Miller and Lea 1972 

5. There are also a few documents that we are getting in digital form and will send to you 
shortly. 

My contact information is: 

Point Reyes National Seashore 
Point Reyes Station, CA 94956 
Phone 415~5187 
Fax 415-464-5182 
sarah _ allen@nps.gov 
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Point Reyes National Seashore 

Drakes Estero 

The waters of Drakes Estero _re designated by Congress as potential wilderness by 
the 1976 Point Reyes Wilderness Act (public Law 94-544). It designated 25,370 acres 
as wilderness, and 8,002 acres of potential wilderness. This is the onlyfederal marine 
coastal wilderness from Washington State to the Mexican Border. Only 11 marine 
wilderness areas exist in the US. 
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A Sheltered Wilderness Estuary 
Bac!<gcound 

DrakIls Estero is a two thousand acre estuary within Point Reyes National Seashore, 
established in 1962. The estuary is the only cllll8tal estuary with specia\ congressional 
designation as wilderness in the western United States, south of Alaska. The estuary 
was recently designated a Western Hemisphere Shorebird Reserve Network 
(WHSRN), a site of Regional Importance in the U.S. Shorebird Conservation Plan 
because it is important to a great diversity and abwtdance of shorebirds. A portioo of 
the estero i. currently managed as Wilderness and the remainder is potential 
wilderness, aU of which Congress mandated to he fully managed in accordance with 
the provisions of the (public Law 94-544). Drakes Estero is a<!iacent to Estero de 
Limantour, a State Ecological Marine Reserve, estab1isbed in 1974 by the California 
Department of Fish and Game. Coastal scrub and grassland hsbitat surrounds the 
estuary, and the only current human activities on, or adjacent, to !be estuary inclnde 
nlCreation, cattle/dairy grazing and oyster fanning. 

At the time of purchsse in 1972, the National Seashore provided a 40 year Reservation 
of Use and Occupancy Agreement to Johnson's OystCl' Company (JOC). The 
agreement allows for use of a park site fur oyster processing, but requires compliance 
with local, state, and fedCl'allaws and regulations. The agxeement ""pires in 2012. In 
2005, the JOC sold the reservation of use interest to the Drakes Bay Oyster Company 
(DBOC). At the time of the sale, theNPS DOtifiedDBOC thattberesCl'V8tion ofuse 
would expire in 2012. 

The waters of Drakes Estero were designated by·Congress as potential wilderness by 
the 1976 Poin! Reyes Wildeiness Act (Public Lsw 94-544). It designated 25,370 acres 
as wilderness, and 8,002 acres of potenlial wilderness. The legislative history (House 
Report 94-1680) indicates Congressiolllli intent: "it is the intention that those lands 
and waters designated as potential wilderness, to the extent possibJe, with efforts to 
steadily continue to remove all obstacles to the eveotusl convCl'Sion of these land and 
wat .... to wildCl'Oess status." This is the only federal marine coastal wilderness along 
the Pacific coast from Washington to the Mexican Border. Only I I ·marine wilderness 
areas ""ist in the US. The GenCl'al Management Plan (GMP, 1980) designates the 
estusry as wilderness, where no mechanized equipment or development may occur. 

The needforwildemess and the refoge it offers to Americans will only increase 
with the passage of time. Our generation of Americans has an obligation fI> 
preserve for future generations more areas that qualify for wilderness designation . .. 

-Theodore Roosevelt IV 
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Approximately 1,000 acres of the estuary is used by OBOC for oyst ... cultivation 
und« a lease by the California Department ofFish and Game (COFG). The ocean 
floor was ceded by the State of California to the Natiooal Park Service, Clllccpt for the 
"right to fish", which docs not include mariculture, The estuary floor is thus owned 
by Point Reyes Natiooal Seashore which is the primary management authority within 
the estuary. This primary authority was reaffirmed in a May 2007 lett ... from CDFG 
toNP8. 

The 200 1 NP8 Management Policies direct staff to actively seck to remove from 
potential wilderness the temporary, non-conforming conditions that preclude 
wild«ness designation (6.3.1 Wildemess Resource Management). Moving from 
Congressionally authorized potential to full wild«ness status is an administrative 
action that ouly requires publishing a notice in the Federal Register. 

Point Reyes legislation also stipulates that "No freehold, leasehold, or lesser interest 
in any lands heresfter acquired within the boundsries of Point Reyes National 
Seashore shall be conveyed for residential or =ial purposes except for public 
accommodations, facilities, and s«Vices provided pursuant to the Act of October 9, 
1953." 

The activities of Johnson's Oyster Company (JOC) produced many acljudicated 
environmental problems. AIl a condition of a stipulated agreement (Marin County 
Superior Court No. 165361, March 1997), JOC was ordered to complete severnl 
actions, including obtaining building permits and upgrading facilities and septic 
systems to meet state and county code requirements. OBOe is in the process of 
upgrading the facilities but is still under a Cease and Desist Order from the California 
Coastal Commission. Under this order, DBOe i. required to obtain a permit from the 
California Coastal Commission for the facilities, and is currently unda:going this 
process . 

.. Wilderness is a resource which can shrinJc but not grow. Invasions can be 
arrested or modified in a manner to keep an area usable either for recreation, or 
for science or for wildlife, but the creation of new wilderness in thefull sense of the 
word is impossible. " 

-Aldo Leopold, Sand County Almanac 
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Point Reyes enabUng legislation indicates that natural environment will be the 
park's first priority. 

"the property acquired by the Secretary under such sections shall be administered by the Secretary 
without impail71umt o/ils natural values. in a manner which provides for such recreational, educational, 
historic preservation, interpretation, and scientific research opportunities as are consistent with, based 
upon, and supportive of lhe maximum protection, restoration, and preservation of the natural environment 
within the area . .. . (16 USC Sec. 459c; Enabling Legislation for Point Reyes National Seashore) 

An ecosystem consists of interactions ofpIants, animals, and microotganisms with 
their physical (e.g., soil conditions and processes) and climatic conditions. The 
primary natural processes that drive the ecological function of any estuary, including 
Drakes Estero, are the terrestrial hydrology (the timing and amounts of freshwater 
inputs), sedimentation from land and ses, terrestrial nutrient loading. and coastal 
shoreline change from tides, storms and sea level risco The presence and abundance of 
plants and animals are based on their ability to adapt to these processes and persist in 
microhabitats within the lrttgcr estuary. 

Drakes Estero complex (including Estero de Limantour) is a 1arge, convoluted coastal 
estuary with one narrow, nnobstrncted opening to the open ocean on Drakes Bay. 
Shaped like a hand, the estuary consists of five fingers that feed into a 1,300 acre 
central bay; the estuary reaches a total area of 2,270 acres at the highest tides. 
Geologically, the estuary i. recognized as a system of drowned river valleys invaded 
by the sea. Sea level rise following the Late Pleistocene glacial priod formed the 
contemporary estuary by 6,000 years ago. The depth is mostly shallow, less thsn 6 
feet deep, with a deeper channel (about 2S ft) thet traverses the main bay. Inta1idal 
sand and mud flats ""posed at low tide make up approximately 1,200 acres of the 
estuary (Anima 1991). The estuary is snrrounded by low bluff. composed of the 
~ Bay Formation which includes fio<>.grained siltstone embedded with mudstone 
(Galloway 1977). The bay is protected from ocean wave action by the sand spits of 
Drakes and Limantour Beaches (Mudie and Byrne 1980). 

Tidal exchanges occur through a narrow inlet that is 21 feet deep. Tidal ""changes are 
cycled completely with a tidal bore that travels the length of the estero to Bull Point; 
however, exchanges are less complete in the frogers of the estero. The deepest point is 
2S feet at the first bend along the major channel from the entrance. The tidal range i. 
aroWld nine feet from -2 to +7 feet with current speeds mnging from 32 cm/sec to 46 
cmlsec. Becanse the estuary is mostly shallow, the water.colwnn i. well mixed from 
wind and tides, resulting in a mostly homogenous saline level. Salinity ranges 
measured in 1987-88 varied little between the upper and lower """,he. of the estuary 
(33.7-34.36 ppt; Anima 1990). 

Wilderness areas only comprise about 2.5 percent of all the land in the lower forty-eight 
states. Drakes Estero is the only bay wilderness on the Pacific coast south of Alaska 
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The sediments of the outer estuary nesr the mouth consist UI08t1y of sand from the 
long shore transport of sand from Drakes Bay, and the overtopping by tides and 
storms of the sandspits near the mouth. Rocky bottom is limited to the deep channels 
at the seaward part of the estuary near the mouth; DO boulders were found in cores 
taken within the estero (Anima 1991 and HarbhrlIeland 20(4). Pebble and cobble 
stones are limited to a few places along the shoreline in parts of Estero de Limantour, 
along bluffs in the main part of the bay and along the east shoreline in Home Bay. 

Within Drak<:s Estero, natural sediment and nutrient loading is relatively moderate 
and attributed to shifting sand bars and decomposed granite from streams. Tides and 
storm waves are an important souroe for sediment transport al the mouth of the estero, 
and stresrns are an important source in the upper reaches of the estero. Freshwater 
feeds into the estero from six perennial streams and four ephemeral streams/springs 
that drain the smaIl watersheds surrounding the 7,847 acre estuary. The water quality 
throughout the estuary, as measured by the presence of coliform, is well within the 
safe established limits measured by the California Department of Public Health (NPS 
report 2006). Home Bay had a spike of elevated coliform COllOW one year, when a 
septic system failed, but tbis septic system was rq>1aced by lhe Seashore in 2006. 
Ranching in the watershed is limited to grazing by approximately 1,000 beef cattle 
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managed by five separate ranches. None of Point Reyes' dairy ranches are within the 
Drakes Eskro watershed. 

Within Drakes Estero. there are sev..,al distinct. natural habitats. Along the shoreline. 
the dominant habitats are mudstone and sandstone flats (as occur at Bun Point). 
mudflats along the inner finger bays and sand flats near the mouth. The size and 
number of marshes are limited within the estero, but of that limited vegetation, 
Pickleweed (Salicornia vlrginica). arrow-grass (Trlg/ocllin maritima) and saltgrass 
(Distich/Is spicaw) are the dominant native species. Within the estuarine waters, 
dominant habitats include mudflats and sand flats exposed at low tides, eelgrass beds. 
and soft-bottom substtate. Cobble and hard substmte is limited towards the mouth of 
the estuary. and a sandstone shelf at BuU Point. Each habitat supports distinct 
communities. The dominant plants and animals of the estuary that are major drivers of 
the estuarine ecosystem include eel grass beds, invertebrates in the soft-bottom 
sediment, estuarine fish. migratory waterbirds and shorebirds. and harbor seals. 

.-

Eelgrass beds are highly significant to the ecological function of the estuary because 
they provide cover. food and a nursery habitat for fish and inva:tebrates. The eelgrass 
beds of Drakes Estero include aroood 740 acres. 3SS acres of dense and 385 acres of 
patchy eelgrass, representing arOWld 36% of the estuary (NPS OIS data, 2(07). There 
baa been an expansion of the eelgrass within the estero since a survey was conducted 
in 1991. coinciding with but not necessarily related to a reduction in the amount of 
oysters harvested within the estero between 1997 and 2003 (Tom Moore, CDFG 
biologist, oyster production data). Several marine species spend their larval and 
juvenile stages in eelgrass beds such as lingcod, English sole, speckled sanddab, 
sevenl species of nearshore rockfish, and Dungeness crab. Large, eelgrass beds are 
foood in only a few estuaries in California and many species are entirely dependent on 
them for a pert of their life cycle. For example, many species such as Pacific hming, 
bay pipefish, gammarid and caprellid amphipods, the sea hare (Phy//ap/ysia ((Iylon). 
and sevlnl shrimp species that occur in Drakes Estero are directly dq>endem on 
eelgrass beds. The Coastal Commission provides special protection to eelgrass beds in 
California and eelgrass beds are descn"bed by NOAA as a compOnent of Essential Fish 
Habitat for steelhead trout and Coho salmon, both protected species under the 
Eudsngered Species Act (Magnuson Stevens Fisheries Management Act; 
http://swr.ucsd.edufefh.htm). 

The native invertebrates ofDrakea Estcro are primarily species adapted to soft-bottom 
sediment and eelgrass beds. and rarely include the common species fOood in rocky 
intertidsl habitats aroood Point Reyes. such as limpets, chitons, and rnuaoeJs. In 
Drakes Estero, the dominant species that filter feed phytop1ankton from the water 
column are bivalves such as Nutricola sp., Washington clams (Saxidomus nut((l//{), 
gaper clams (1rnus capax), and rock-boring piddock clams at Bull Point and tbe 
mouth of the Estero. In addition, predominantly deposit-feeding Macoma clams are 
found in densities up to 250 per square meter in tbe outer. sandy tidal flats of Drakes 
Estero. Additional dominant benthic invertebrates include tanaid crustaceans 
(Lep/t1Ch£/ia dubio), c'l!TI8ceans (CwneJla vulgaris), phoronids (Phoronopsis viridis). 
shore crabs (Hemlgrapsu.orego1leIlSfs), gammarid amphipods, polychaete wonns. 
and ostracods (Harbin-Ireland 2004. Press 2(05). Native limpets. oysters, mussels and 
chitona have never been aboodant in the esteros due to the lack of rocky substrate, 
except towards the mouth of the estero. 
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Approximately 60 lah species have beat documented in the area (Miller 1 'l72, 
Wechsler 2004, D. Jacobs, unpubL data). A recent study identified 35 species from 20 
families . Five species were dominant and represented 89"10 of the fish assemblage, 
including topsmelt, t!Jree.spined sticldebaclc, stagbom sculpin, bay pipefish, and kelp 
surfperch (Wechsler 2004). S!eelhead trout, a federally protected species, were 
docwnented in a tributary to Schooner Bay in the late 199Os. 

The bird life in Drakes Estero and Estero de Limautour is highly diverse and 
abundant, and the estero_ are recognized as significant sites for bird conservation. The 
Fish and Wildlife Service recognized Drakes Estero as a Western Hemisphere 
Shorebird Reserve and as significant for tbe conservation of shorebirds in the 
Southcm Pacific Shorebird Conservation Plan. The maximum population of all 
shotebirds combined was estimated at between 10,000 and 100,000, and the estero 
regu1arly holds thouaands of shorebirds in winter (Hickey et aI. 2003; 
h1tp:l/www.waterbirdconservation.orW).Asimilar designation is pending fur 
waterbirds. 

PRBO Conservation Science identified around 100 species ofwateroirds and 
shorebirds during winter surveys in the 1 980s and Im-99 (White 1999). PRBO 
Conservation Science and NPS biologists identified seversl federally threatened, 
endangered, or species of special concern such as Osprey, White Pelican, Brown 
Pelican, Peregrine Falcon, Black BI8llt, aod Western SnowyPlovec. During the late 
smnmer and fall, shorebirds and watecl!irds arrive and stay in the estero throughout 
the winter months to feed and rest. 

The bird life in Drakes Estero is highly dive7'3e and abundan~ and as a consequence, 
the estero is recognized as a significant site for conservation. 
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From the summer through December, hwulreds to thousands of Brown Pelicans, a 
fedcra1ly pl"otccted species, congregate at the ... teros, feeding on schooling fISh such 
as anchovi .... herring and smelt, and resting on tidal mudflats. Otba' species that occur 
in large numbers are Caspian Terns, Gadwall, Ruddy Duck, American Widgeon, 
Buffichcad, and Green-winged Teal, Western and Least Sandpiper, Dunlin and Black
bellied Plover. In the past 15 years, an egret colony formed ncar the mouth of the 
estero where Snowy Egrets, Great Egrets. and Great Blue Herons nest. In the psst, 
Snowy Plovers nested at the mouth of the estero, but have not since the late 1990. due 
to predstion. changes in habitst and disturbance. 

provide a Iwme to 0,"" a 100 species o/blrlk. Photo eRich Stllllcup. 

Harbor seals are the only ycar-rourul, resident marine mammal in the estero. Other 
marine mammals that occur intermittently include California sea lions and northern 
elephant _Is. The narrow mouth of the estero is restrictive to larger marine 
mammals; although, several dead whales hsve washed into and deposited at the mouth 
of the est ... o including an adult male sperm whsle in 2004. The harbor seal population 
within the estero is one of the largest concentrations in California, annually producing 
between 300 and SOO pups, and reaching a maximum of nearly 2,000 seals during the 
breeding and molt seasons (Allen et a!. 2(04). Drakes Estero is the largest seal colony 
in Marin County and one of only five major seal colonies at Point Reyes. All 
together, the Marin County colonies represent around 20% of the state mainland 
population ofhsrbor scals (Allen et al 2004). Some of the seals that breed in tbe 
estero range nearly 500 km north as filr as the Smith River in the winter months but 
return to Drakl:s Eatero to breed (Allen 1988). The colony at Drakes Estero hss grown 
significantly over the past 20 years, in part likely because the park implemented a 
seasonal closure to all boats during the pupping season and because the oyster 
company reduced operations in the outer and middle areas oflhe estero (Vanderhoof 
and Allen 2005). 
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Drakes Estero is one of only 5 major seal colonies in Point Reyes and together 
the colonies represent around 20% of the state mainland population of harbor 
seals, the highest concentration in the state (Allen et a£ 2004). 
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Ocean health globally is in dire condition according to a recent publication in the 
Journal Science (Worm et al. 2(06), aod if the long-term trend continues, the majority 
of harvested fish speci"" are projected to collapse within the ncoct 50 yeftlB. Already, 
the researchers found that 90 percent of all the fish and seafood species in the world's 
oceans have been depleted over the past 60 years as harvesting has stesdily increased. 
Seven perceot of the fish in several studies already have become extinct. Significantly, 
less than 1% of the global ocean is effectively protected from harvesting. Despite 
inclusion in this I %, most ocean parks are cocperiencing degradstion, deterioration aod 
""tirpation of species. The loss of historic coastal wetlands has been more than 91 % in 
California (Dahl 1990). 

Ocean parks have been degraded by habitat alterations that have had a cascading 
effect on ecosystem function. Coastal walln have been degraded by water diversion, 
development, chemical and biological pollution, oil spills, and noise. Invasive non
native species have been introdaced through bilge water, mariculture and some 
recre8tional activities that further degrade ecosystems and water quality. 

Specifically in Drakes Estero, the ecology bas been altered over tbepast several 
decades due to activities associated with human activities including ranching aod 
oyster fanning. Other than the oyster operation, there is no development along the 
shores of the estuary. 

Oyster bags on ,cwibar In the middle ofDraJra Estero. 

Sedimentation rates and the types of sedimeot have changed in Drakes Estero because 
of a combination of factors over the past ISO years. The streams that drain the 
watershed surrounding the estero were danuned by ranchers to Cre8te .tock ponds for 
cattle, which reduced sediment input into the estero doring winter rains . Oysters that 
are grown in Drakes Estero by the commercial oyster operation likely play an 
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important role in the deposition of fine>-gTained sediment, and in the trapping of 
sediment. The oyster operation presently has placed at least one thousand bags of 
oysters on top of intertidsl mudflats and sandflats throughout the estuaty, and there 
are 93 racks located on mudflats and open water channels. In other estuaries, 
maricnlture bags and racks have been documented to trap fine particulate sediment 
resulting in an alteration of the hydrology and substrate type due to the placement of 
the cuhivated species and related racks. Research in other estuaries has found that the 
deposition of oyster feces tends to be focused below and around mariculture slructures 
(Cranford et aI. 2003; Porter et al. 2004, Everett et al. 1995). Within Drakes Estero, 
USGS (Anima 1990) noted that oyster racks may act as a "baft1e to tidal currents 
where rack density is highest ... silt material accumulates on the leewanl side of 
stacked oyster beds." Anima (1991) reported that the oyster operation likely played 
"an important role" in the sedimentation of Drakes Estero with oyster pseudofeces 
contributing to the amount of fIDe>- grained sediment. Anima (J 991) also noted that the 
sediment material is likely resistant to erosion because oyster racks are located in the 
upper reaches of the estero where tidal action is lowest. A gTaduate study in 200 I, did 
not detect effects of oyster cultivation on sediment organic matter, but did indicate 
that some sediment erosion may he taking place due to the presence of the rack 
structures (Harbin-Ireland 2004). To determine the past and cumnt effects of oyst ... 
op..-atiollS on sedimentation rate!! within Drakes Estero requires a more focused and 
site specific study. 

-

Eelgrass is very seositive to light, nutrients, pollution and sedimentation, and is thus 
an excellent indicator of estuarine health. Oyster farming reduces the amount of tight 
available to eelgTass beds because of shading by racks, locally increases the amount of 
sedimentation due to deposition of oyster pseudo-feces and trapping sediment, and 
contributes pollution from treated conslruction materials and from general operations. 
One study in F10rids indiested that native mussels may increase seagrass productivity 
(Petll'Son and Heck 1999), however, a study by Oregon State University of nOD-native 
oysters in Coos Bay, Oregon, a similar estuaty to Drakes Estero, found through 
experimental tests that both stake and rack oyster culture (rack culture is practiced in 
Drakes Estero) reduced submerged aquatic vegetation by 25% after ono year (Everett 
et al. 1995). Their fmdings were attributed to increased sedimaltation and 
disturbance during placement and harvest of stakes, and increased shading and erosion 
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under racks. Everett et al. (1995) concluded that there was the potential for significant 
loss of submerged aquatic vegetation due to oyster culture. Although this study 
occurred in Oregon, the study focused on the same species and similar methods used 
in Drakes Estero. Two studies conducted in Drakes Estero by UC Davis researchers 
working in co-operation with the NPS, qualitatively noted that eelgrass growth was 
severely restricted under active oyster racks (Harbin-Ireland 2004, Wechsler 2004), 

In 2003, Wechsler noted that 38 oyster racks were in operation, which would affect 
5,700 square meters (1 .5 acres) of affected eelgrass cover. A resurvey of the racks by 
NPS scientists in 2007 found that the number of active racks bad increased by 66%, to 
a total of 63 active racks. There are a total of 93 oyster racks in varying states of 
integritY in Drakes Estero (NPS Trip Report March 13,2007). A total of89 of the 93 
racks were either surrounded by or in eelgrass beds, but no usable racks sud very few 
dilapidated racks had eelgrass growth underneath. Several of the dilapidated racks 
with 00 rosriculture cultivation had some eelgrass regrowth. There were 8 acres of 
active oyster racks within eelgrass beds that had no eelgrass growth underneath. 

In total, all oyster growing activity within the estero covrn -18 acres. Howev«, 
recent aerial images indicate the impact is much larger, approaching 50 acres. 
Numerous channels cut into the eelgrass by boat propellers affect a much larger area, 
sud frequent disturbance by boat traffic rosy significantly alter eelgrass coverage. The 
long-term effects, if any, wm this impact need further study. 

ExtllllS/V6 
C-pbeJJ). 
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Dense assemblages of oysters may reduce recruitment of other species with a 
planktonic larval stage and reduce plan\cton in the water column by filter-feeding. This 
feeding may limit the amount of food available to IIIltive bivalves and ostracods. A 
preliminary study found that clam abundance was reduced under oyster racks, 
possibly due to changrs in bottom sediment grain-size, particulate organics that 
cootnbute to higher sulfide levels, or increased predation by fISh and decapod 
crustaceans attracted to the oyster mcks (Harbin-Ireland 2004). In one area ofDmkes 
Estero where no oyster farming occurred, clams were found in extremely high 
densities - up to 250 per square meter; howev .... there was no evidence that the 
numbers were higher hecause of the absqtce of fanned oysters there (Press 2005). 
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More recently, Dr. Grosholz ofUnivc::rsily of California, Davis, provided expert 
opinion thaI addressed the potential effects of the oyster bags (LeIters 10 NPS May 6, 
2007 and July 15, 2007). He stated that "There is likely 10 be immediate impacts, 
mostly negative, on suspension feeders and surface deposit feedcrs immediately under 
the bags due to increased sedimentation, physical obstruction, decreased particle size 
and associated increased hypoxia. There may be positive effects for species requiring 
hard substrate fer attachment." No studies to date have investigsted tbe effects of the 
oyster bags on the underlying native marine invertebrate community, and more data 
are necessary to draw meaningful conclusions or to detect trends regarding potential 
effects of bags and racks on the invertebrate community. 

Oyster rocks create habitat in the estero by acting as a hard surface substrate In an 
ecosystem composed of predomi1Ul11tly sift-bottom substrate. This direct change in 
habitat substrate significantly alters the native species composition and abundance. 
and proVides habitat for non-native species. 

A recenl California Department of Fish and Game Report (March 2007) indicated thaI 
the estuary now holds approximately 9,000,000 individual non-nalive oyst .... and 
1,000,000 non-native Manila clams. This species of oyster generally filt .... - SOg/day, 
thus 450,000,000 gallons of waler tIItly be ftItered by the non-native oysttn in the bay, 
potentially depriving native species of these planktonic resources. While Drakes 
Estero likely receives much of its plankton with the daily ocean tides, the impact of 
the numerous non-native bivalves has not been adequately assessed. 

Disturbance and displscment of wildlife by oystet farming activities have been 
documented at Drakes Estero and elsewhere. Kelly ct al. (1996) documented how 
oyster racks influenced shorebird use of tidal flats in Tomales Bay by enhancing 
feeding opportunities and food fur some species, such as gulls and willets, while 
decreasing them for others, such as dunlin. Additionally, the bags may create an 
anoxic zone by sedimentation and sequestering of oyster feces into the sediment under 
the bags, severely stressing the native invertebrate community beneath (Dr. Jand 
Thompson, USGS, pers. comm.); consequently, there would likely be less food 
available in the mud for birds to feed on. Currently, there are over a thousand oyster 
bags on mudflats in Drakes Estero, and the number of sborebird species and their 
distribution may be affected (Kelly et al. 1996). 

Dilapldmed oyster racics within Drakes ESlero. 
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Harbor seals have been directly affected by oyster operations in the I 970s-1990s 
because of distUIbance to seals resting onshore; and seals have been affected by 
placement of oyster bags on tidal sandbars wh<re they rest and pup (Allen, pers. 
comm.). Seal bau1 out sites in the upper estero are more important to pupping seals 
than those at the mouth (Allen 1988), 80 mothers with pups tended to be 
disproportionately disturbed when disturbance was caused by the oyst ... operation. 
During the early I 980s, seals at Drakes Est ... o were disturbed on 29"A. of the days 
surveyed; primary sources for disturbance w ... e fishermen (38%) and boats (28%) 
(Allen and Hub..- 1984). Kayaks were restricted during the breeding season (March
June) in 1995 and the oyster activity declined significantly in the 1990s. 
Consequently, the numb ... of disturbances declined within the estero from both the 
oyst ... operation and kayaks (Allen et aL 2004). During the breeding season, 
researchers observed seals disturbed by motor boats sev..-a1 times in 1997 and once 
between 1998 and 200 1. 

Since March 2007, park biologists bave documentedoysta: boats disturbing motIters 
with pups, and they noted that hundreds of oyster bags were located on or adjacent to 
sandbars wh<re seals wrn4d normany give birth and nurse their pups. Two oyster bag 
arrays (approximately 5 acres) were within a regular harbor seal haul out site, and one 
other oyster bag site was within 50 meters of a regular harbor seal haul out site (NPS 
Trip Reports April 13 and 26, 2007). 

Non-native species can have profound effects on ecosystems by changing ecosystem 
structure, function. species abundance, and community composition. The introduction 
of non-native, invasive species by oyster operations bas been documented for decades 
in Marin County (Bonnot 1935, Carlton 1992, Cohen and CarltOn 1998) and is a 
major concern (California Departmmt ofFish and Game 2001). Carlton (1992) 
summarized the intrnduction of> 25 non-oative species of mollusk into estuaries in 
the Pacific by oyster operations. Hard structures used to cultivate oysters provide 
habitat that would not otherwise excist, supporting non-native invertebrates (Tyrrell 
and Byers 2007). EXamples of non-native species introduced into Drakes Estero 
include gem clam, green crab, slipper snail, Japanese oyster drill, Atlantic oyst ... drill 
and Batillarla attromentarla. The non-native Batil/aria, a gastropod, was introduced 
with Japanese oysters to California and was documented to displace the native 
conmmillislspecies in north..-n Califomis (Byers 1999). This invasive gastropnd was 
found in Drakes Estero (Byers 1999). Resesrchers recently documented that an 
invasive trematnde parasite hitchhiked on the Japanese Batillaria, and that this 
parasite bad iofccted birds and fISh in North Am..-ica (Science Daily Decemb..- 2006). 
No studies have been specifically condocted to confinn the presence of the parasite in 
Drakes Estero. 

A recent preliminary study ""amined the sessile marine invertebrates that grow upon 
the oysters and oyster racks in DraJca; Estero. Elliott-Fisk et al. (200S) noted that "the 
marine invertebrate fouling community of sessile organisms cou1d be properly 
charactGed as "introduced" and "invasive" due to lack of hard, shanow water 
substrate in Drakes Estero. This community is preseol and associated with the oyster: 
farming operation in Schooner Bay, but n_1y non-existent in Estero de Limantour." 

One, invasive, non-native species found on oyster farming structures in Drakes Estero 
was the colonial tunicate (Dltkmnwn species A). A recent study described how the 
species bas spread rapidly on both the eost and west coasts of North America by larval 
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settlement and fragmentation (Bullard et al. 2007a). This invasive could affect Drakes 
Estero's natural ecology and may provide a source of larvae and fragments that would 
facilitate spread of the species to other area.. This species has had substantial 
ecosystem and financial impacts in New Zealand, several west coast estuaries and the 
Grand Banks off Newfoundland. The San Ftancisco F.stuary Institute noted that "In 
the Northwest Atlantic, a closely related species has COVOil'ed S()'9001o of the George's 
Bank. Such coverage can smother organisms living on the bottom and in the sediment, 
and block the settlement of larvae" (hltp:ffwww.sfci.org/). In Drakes Estero, surveys in 
2007 showed that many of the apparently older and larger oysters on the racks had 
extensive Didemnum growing on them, and a small infestation of the species was 
found on natural mudstone habitat at Bull Point (NPS Trip Report March 20, 2007). 
Additioll8Uy, current culture methods that involve scraping off the tunicate from 
culture apparatus may result in the release of large numbers of fragments into the 
estuary (Dr. Edwin Grosholz, UC Davis, LettOil' to the California Fish and Game 
Commission. June I, 2007). In a laboratory study, Bullard et al. (2007b) 
detoonstrated that damaged and tom fragments of Didemnum could survive and 
reattach to other substrates. Removal of oyster racks in Drakes Estero would greatly 
reduce habitat for this invasive species. 

In conclusion, most scientific articles and experts in the field of marine ecology 
indicate that oyster fanning in Drakes Estero likely would negatively affect the estero 
ecology, and point to the need for further research. A recent review article by Ruesink 
et al. (2005) summarized maricultUIe effects from around the world and reported that , 
"oysters are ecosystem engineers that influence many ecological processes, such as 
maintenance of biodiversity, population and food web dynamics and nutrient cycling," 
Some signifICant effects have been identified already in Drakes Estero and point to the 
need for further research. 

Harbor lear.. resting an sand bar. Photo by Jamie Hall. 
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Natural Resowce Significance 

• Only congressionally designated coostal bay wilderness ana in the western United States, 
south of Alaska. 

• A<\lacCnt Estero de Limantour is a recognized as a Marine Protected Area by the state of 
California. 

• One of only a few sites with significant eelgrass beds which are specially protected by 
California and critical for many species, including spawning fish, over-wintering birds 8Dd 
invertebrates. 

• A Western Hemisphere Shorebird Reserve Network, identified.s significant for the 
cons..-vation of shorebirds in the Southern Pacific Shorebird Conservation Plan. 

• PRBO identified around 100 species of birds during winter surveys, including several listed 
species or species of special concern such as Osprey, White Pelican, Brown Pelican, Peregrine 
Falcon, and Black Brant. 

• The estuary is very important to ov ..... wintering Black Brant that only migrate to a few places 
along the Pacific Flyway. 

• . The estero is important to rosident and spawning fISh where they are associated with eelgrass 
beds and benthic aediment. The fedentJly listed steelhead trout spawns in the Schooner Bay 
tributary. NOAA identified the area as Essential Fish Habitat for federally listed salmonids. 

• Harbor seal population is one of the largest in the state of California 8Dd the largest in Marin 
CoUnty, with up to 2,000 breeding/molting individuals and 30().:500 pups, annually. 

Oyster familll impacts on tbe ecological commnnldes 

• Eelgrass beds are found in all suitable habitats within Drakes Estero, ewept beneath active 
oyster racks, where they do not e><ist due to shading and possibly other effects. In 2007, with 
63 active oyster racks, this amounted to at least 8 acres oflost eelgrass cov.... Approximately 
50 additional acres WEre also affected, likely from boat propell ... damage. 

• Oysters that are grown in Drakes Estero likely play an important role in the deposition of fine
grained sediment, and in the trapping of sediment. 

• Oyster racks and bags provide structural habitat that does not naturally occur in the estero 
except in limited areas. The equipment and structures may ohange the community 
composition and abundance of species and provide habitat for invasive, non-native species. 
o Invasive organisms were fotmd on the hard substrates provided by the oysters and oyster 

raoks in Schooner Bay. 
o The invasive non-native species, Didemnum sp. A. is commonly present on oyster racks 

and was disCOVered on natural habitat within the estero. Oyster processing methods have 
the potential to spread Dldemnum by creating large numbers of fragments that can 
colonize new areas. 

• The oyster operation is a potential source for invasive species because non-native species may 
hitohhike on oysters and equipment that are brought to the estero. 

• Placement of oyster hags and racks in intertidsl mudflat. and sand bars displace wildlife such 
as shorebirds, black brant and harbor seals because of spatial coverage of racks and bags, 8Dd 
disturbance by oyster operations. 
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Doug/as iri. Mar the mouth of Dralwi Estero. CSusan Pan Der Wal 

" .. . without impairment of its natural values, in a manner which 
provides for such recreational, educational, historic preservation, 
interpretation, and scientific research opportunities as are 
consistent with, based upon, and supportive of the maximum 
protection, restoration, and preservation of the natural 
environment within the area. " 
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Aerial view of lite moulh of Drakes &/ero. C Alexarrdra Kruse 

The National Park Service cares for special places 
saved by the American people 

so that all may experience our heritage. 
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