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INTRODUCTION - Abstract

Question: What is so important about Duxbury Heef?
Compared to the magnitude of the world's social problems. Duxbury Reef does

reef

en

not seem to be of much significance. However, if one were to consider thi
in light of the intrinsic educational values to man, it then becomes very import-
ant. This report on the need to conserve the marine animals on Duxbury Reef in-
tends to illuminate the histerical problems of the reef area. The eventual major
recommendation coming from this report is that man must declare this Duxbury Heef
to be a "marine reserve', to benefit the present and future populations of Bay
Area Californians.

"The sea animals were very beautiful. Here was life from which we borrowed
ife and excitement” - John Steinbeck

The charm and attraction of this whole area may be seen by the aerial photo-
graph on the cover of this report. The gigantic San Andreas fault along the right
side of the photo seems to set apart the Bolinas Headlands and Pi{, Reyes Peninsula
as an island in time. To a visitor who may be oriented to the ocean landscape,
the following is but a minute portion of the beauty surrounding this whole viein-
ity:

1. As one comes south down the Olema Valley, the San Andreas rift zone val-

[

ley and the Bolinas Lagoon would be encountered. This lagoon is one of

the few natural lagoons remaining in California where visitors may see
unparalleled ecolo lagoon habitats., flora warshlands, bird feeding

grounds {é&éa&aﬁ}§ and a magnificent variety of marine invertebrates

4
and vertebrates., At the present time, this heautiful lagoon is being
threatened by man's desire to turn this natural habitat into a large
boat marina. Various forces of conservatioun groups in Marin County have
banded together to thwart this proposed marina design. Would it b
wrong to allow the lagoon to remain and be
a8 a marine refuge?

2. Just below Bolinas lagoon is the Stinson Spit, a finger of collected
=5 E @B
this spit is dotted with man's creations - homes. telephone poles, ten-

community of

Ll

called the

[,

G.L. Chan, Population Studies of Marine Animals in Bolinas lLagoon. College of
Marin Press, Kentfield, 1867,




Bolinas Headland. Jutting out from this headland is Duxbury Reef,
the subject of this report.

.
Pt

e
L]

Moving north along the coast, one sees the overall beauty of the
Reyes National Seashore Park. Double Point can be seen as a two-point
promontory just before the concave curvature of the coastline delineat-
ing Drake's Bay and sweeping to the granitic rocks of Pi. Reyes.

s
H

5. Dotted throughout this beautiful peninsula are patches ol

oy

orest—

covered hills and magnificent lakes.

There can be no doubt that the land west of the mighly San Andreas fault
is one of unique scenic beauty. The foresight of many men led to the creation
of the Pt. Reyes National Seashore Park, a commendable action. Similarly. the
scene of conservation ve. man's encreachment is shaping in the Bolinas lagoon-
a gcene in which decisions will dictate either preservation or harbor develop-
ment. The battle lines must be extended to include Duxbury BReef; man has al-
ready depleted many marine organisms from this intertidal area. An establish-
ment of a marine reserve would benefit the countless numbers of future individ-
uals who may come and use the reef as an educational experience. 0f course,
there will be opponents of the "marine reserve' plan. They will claim that the

proposal is aimed at taking away their recreational-clamming privileges which

o
iz

they and their children have enjoyed for so many years. Hopefully. thisz report

will enlighten and provide these individuals with the realizatioun that if there
are no restrictions, man will deplete this avea intc a "biclegical deseri”.
This report describes the current conditions of Duxbury Reef and prescribes

some recommendations to preserve the marine organisms which remain.

"In the artificial world of his cities and tewns. he often forgets
the true nature of his planet and ite long histoery in whieh man has
o i

sceupied a meve moment

[



11. DESCRIPTION OF DUXBURY RERF

Location: Duxbury Reef is located in Marin County on the Bolinas leadland

about twelve nautical miles or about twenty-five road miles
northwest of San Francisco,
Name: The reef was named after the ship, Duxbury, which had crashed on

these rocks on August 21, 1840, the long maritime history
of ships moving in and out of San Francisco Bay, many other ves-
sels have met their doom on these rocks.

Geology of Duxbuyry Heef

The Bolinas Headland is composed of a thick layer of shale, called the
Monterey formation, deposited during long periods of the Miocene Seas,
some 28 million years ago. The basement rock helow this Monterey shale
is granite dierite which is exposed at Pt. Reyes and at Tomales Pt. Some

1iffs to illustrate

[

excellent sea mammal fossils are found in the Bolinas
these ancient seas. In the late Pleistocene, during the past million-year
interval, great block faulting toock place along the whole California coast.
It was probably during this time when this Monterey shale Bolinas Headland
was uplifted very sharply from the seas to form a marine terrace. [Irom

this late Pleistocene Period down to present times, erosion by wind, rain,
and waves has cut the Bolinas Headland back, exposing the present Duxbury
Reef and its vertical strata bedding planes (See Fig. 1). Muach of the

eroded materials was carried across the mouth of Bolinas Lagoon, forming

the Stinson Beach BSpit. The headland above the Duxbury Reef is still erod-

ing back; some experts have estimated its average erosion to be about two
feet per year. In a particular section, just above the base o

Duxbury HReef, G. L. Chan placed a marker at the end of the old Overlook

Hoad in December, 1958. Since that time to December, 1968, the cliff has
eroded back some 50 feet from that long-gone marker (Fig. 3). Other areas
of more resistant shale have shown very little erosion. Although these es—

timates are rough approximations, they do illustrate the continuing and

3

powerful forces of wind, rain, and ocean waves on this promountory headland,

2

0

1

a

i Eé Jenkins, Ed., Geologic Guidebook of the San Francisce Bav Counties,
3 z

State of §a31§@r§?a§ Divigion of Mines, Bulletin 15%. December 1051,
pp. 95-106
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braved flsod channels, crevices, tidepools, crashing waves, and slippery
marine algae to obitain the measurements. Some basic considerations must

first be assumed in these measurements., They are:

1. Area measurements fluctuated greatly depending on the degree of minus
tides, The low tide of -0.7 on June 24, 1968, and that of -1.0 on July
10, 1968, revealed a substantial difference in the total exposed area
of the reef. Measuvements are given for minus low tidal dayvs.

2. A 50-meter tape was used for the measurements., A downward sag of the
tape may have resulted in an error of about 3 meters per 100 meters
measgured.

3. The measured data were subjected to the arbitrary discretion of the
researchers and represent their attempt to present an accurate mea-
surement of the Duxbury Reef study areas. The researchers welconme
additional investigators who may use more advanced measuring techno-
logy and thus provide a comparison of figures to their pioneer task
of reef measurement.

4, Fach reef area was divided into smaller sections for measurement,
Individuals interested in the details of thelr fine work should visit
the Bolinas Marine Station for the specific data. Tigure 3 illusirates
some general measurements and should be considered somewhat representa~

tive of the overall reef areas.

A summary of the data is shown on the next page. There are approximately
66 acres in Areas A, B, and €, In these combined areas one could f£it 61
football fields! Area C is the largest of the three study plots, this be-
ing the main Duxbury Heef which juts out from the headland approximately

~ : £ 52 e ! - y 3 . 3 3 4 o & . :
1,000 meters! {See Figures 3A.) ¢, L. Chan has traveled to all the major

-
U
e
e
2]
o
e
jad
e

reefs on the western coast of the United States, and Duxbury must

g

the largest reef as estimated by the eye. In his opinion, Sooces Heef in
Cape Flattery, Washington. and Frenchman's Heef

second and third, respectively.

6
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Figure 3A. Duxbury Reef Aveas, Low Tide = =1.9, July 20, 1668

Main Heef- about %SQ meters

long. Sportsmen~ fishermen,
s,i hani&raé ro R clammers—

ventu onto this long reef.

. - o

tice the major Ilood channels
which can be very dangerocus to
reef visitors.
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TIT. VISITATION OF MAN TO THE HERF

"Tidepools...promote a competitive life that is astonishing’

With the increasing population growth in California, there is a greater emphasis

on sutdeor recreation. A fie is one of the most

rewarding educational exXperience
gone to the seashore for recreaticnal and educational purposes.

Duxbury Reef has been one of the most popular seashore spots in Northern

California. On lsw tide davs, the Agate Beach access,

of Marin, is usually jammed with people (Fig.

Hundreds of school children now cone

erience, The reef is
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By and large, these school children

ave carrving buckets and other con-

o

tainers {Eége 6) and have collected

ot
(]

many large size marine animals
bring back to their classrooms and
homes.

A similar scene of invasion by
school children have turned the Moss
Beach Reef in San Mateo County inte

i +

an intertidal "desert”, Thus, most
)

of the large sea animals have disap-

peared from the reef, these being the

Figure 6. School children at
Agate Beach with their
collecting pails.

dition, students and teachers now
come to Duxbury Reef to do their collecting- are we foo late to preserve
the remaining large marine animals on this reef?

In a ten-year comparison of human visitors to the reef during low tides.
it is seen that the present visitation is grandiose. The number counis were
made by G. Chan,

Observations of the number of humans at Duxbury Heef

1958 1968

Jan 14 - 2 individuals tetal Jan 26 - 38 individuals
- , e . with abo
Feb 1% ~ & Feb 24 -~ 62 o
confining f%éésgia
April 9 -~ 3 May 17 1065 selves Lo Areas
- - A and B.
Julyv 7 - 5 May 18 - 85 L
? ¢ dost Vedu

‘ational class
L out into

go dif-

It may be true that conditions
ferent that a population comparison
represent the numbers of students with
days it was extremely rare to see anothex } eefs! »less,

these are the individuals observed between the two vears and the intention is



simply to illustrate the increased number of vi

sitors to this reef area on

low tide dates.

2, Recrestiopal visitors

Another group which uses the reef are the sportsmen

a.
bd’
€.

d.

with various interestis.
Some are clammers,

Others use the reef for surf and tidepool fishing.
Some fish for mussels and abalones,

A small number are duck hunters.

Let's examine these groups one at a time.

On days of low tide,
there are numerocus
olammers on the Dux—
Ares
a@iﬁg
surface
clam,

Protothaca staminea.

The Fish and Game
1imit on this clam is
50 per person.

This eclam is also wide-

Figure 7. View of Duxbury Sand Fiaig igheled as with small patches alse
5 P
Area D (see also Fig. i} Buxbury's N
y PRSI remaining in the Bolinas
Main Reef, Area C, is in the distance.
Lagoon. Year after year,
the authors climbed over these flats and interviewed the clam diggers.

Inour opinion, there does not seem to be any appreci able decrease in the

clam population of Protethaca staminea to warrant any serious limiting
of digging in this area. Fish and Game rules seem to adequately protect
this organism in ithis area.

A second group of clammers poses some threat to the structure of

the reef. Thes the sportsmen who carry picks, chisels and hammers

&

are

to the rocky shale portions of the reef areas A, B, and C. These rock

clammers chop through the soft shale rocks to pick on the boring clams
which have embedded themselves from 3"to 10" deep for protection (Fig

8 and Fig. 9).

IS
j ]



Figare 8., Clam diggers chopping through

the shale for rock boring clams.

Further on in this report on the

discussion of the population of

rock boring clams, we find there

is no decrease of this clam. 1In , .
— N Pigure 9. Rock boring clam,

fact, this clam is one of the most Platyvodon cancellatus.

abundant organisms on the reef.

The damage these clammers perform is in leveling the reef! Frenchmen's
Reef in San Mateo County is one where clammers have chopped the reef
until it nearly resembles a smooth billiard table. Duxbury Heef still
has many intricate rock and crevice heights, but if these diggers cone-
tinue over the years, the reef will be flattened except for the hard
shale mounds where no clams are to be found.

The erosion effect of rock clammers may be gréater at times than
the watery forces on the reef, At Area B of the reef, near the outler
ridge, G. L. Chan and etudents observed two men "slean™ a 10-square
yard area of shale, decreasing the height by an average of two feet
with their picks! Since there is no "limit" on the take of these
clams, one chops away until exhausted or the tide comes in. The lev-
eling effects by these diggers might cause the low tides to keep sub-
merged many areas which previcusly had been exposed. Moreover, this
leveling destroys the habitats (crevices) for many marine animals.

The rock clammers are not numerous at the present time- low tides

bring out an average of about four; however, there will, no doubt, be
inereasing numbers of diggers in years to come. Although the rock clams
are very abundant, the question arises as to whether the reef itself is
worth saving, The authors recommend rock clamming be prohibited under
the "marine reserve” park regulations.

13



The average number of fisher-

men per low tide is about 6.

Figure 10 shows individuals

fish

.

z

ng for the numerous blenny
c¢h lengths up
the reef.

Other fishermen fish for
the abundant surf perches, sea

and cabezons. These

se the
ussel for

The reef

Figure 10. Duxbury Fisherman. ?h%é% fishermen are afier the Monkeyface blenny,
Cebidiehthyvs violaceus. Mussel flesh is used for hait.
¢c. Mollusk Fishermen — mussels and abalones

(1)

Mussel fishermen

Later in this report, there is an extensive discussion on the pop-
lation of the mussel, Mytilus califorpianus. But for now, the
discussion is limited to the fishermen who take this for food
during winter low tides. (In the summer months, this organism
is Qﬁar§niiﬁgéé}

There is no limit on the number of mussels one can carry off

the reef. During winter low tides, there is an e of about

three mussel fishermen. They use ick and

it
is, they

these musse or as meny asg t©

reef in their gumny sacks.

1k



ure 11. A cleaned osut section of the

mussel hed, Mytilus ecalifornianus.
ntice seme "succession” or re-
population after one year (1965-
1966).

In Figure 11, G. Chan has observed

C
this cleaned-out spot for three years, and

t
the mussel replenishing has not cccurred.

More mbout this study further on in this

set for thig resef, there should be a
3
£ 50 mussels per person, with
e

1 length measurement of four

balone fishermen

2

[
e

The photos below (Figure :

are rare pictures indeed. The student
o

is holding a 9-inch red abalone, Haliotis rufescens, from the ocuter

gsections of Area C of Dxubury Reef, July, 1968, Such large specimens
are extremely rare, and even finding abalones on the intertidal reef

isg a very uncommon ocgurrence.

Figure 12, Scott McKinley holding a 9-inch abalone,
Haliotis rufescens, taken from Duxbury Reef.

o
Wk



Tn the 1940's and 1950's G. L. Chan used to see abalones
on trips on the reef. However, abalone fishermen have long since
"eleaned out! the intertidal zone. Thus on low tides, it is sel-
dom that one sees an sbalone fisherman on the reef; word of mouth
has convined these individuals that it is a waste of time to look
for such animals here. In the "marine reserve” there should be no
abalone hunting permitted. In time, it may be that some of the
deeper forms would migrate up into the intertidal waters, although
sbalone migration from one spet to another is not supported by sci-
entific data. Perhaps some abalones may be brought in from deeper
waters and be established in the intertidal areas for educational

purposes on the reef reserve.

Figure 13. Teacher and students observe marine worms from the underside of a
rock at Duxbury Reef. The rock was carefully returned to its ori-~
ginal position after observation.

16



it
ornians
of this

"marine

is not the intent of this report to keep people off the reef. Calif-

should be able to visit these reefs at all opportunities. The purpose

report is to recommend that the Duxbury Reef areas be designated as a
reserve” by the County of Marin., It would then be a misdemeanor to

take certain specified marine organisms away from these areas. The reef should

he a spot for many groups (Figure 13) to en

oy a rich marine experience. The

abundance of tidepool organisms should be preserved for all present and future

generations of Californians to enjoy.

The question now is, what is the present condition of the warine organlsms

on the Duxburv Reef areas? Are we too late to preserve some of the larse marine
% o

organisms? What other data can be specified concerning the lmportance of con-

gserving

organisms on Duxbury Reef? A review of Duxbury marine organisms now

follows, then specific recommendations will be listed.



IV. POPULATION STUBIES OF §§§E§§¥$§§ﬁ§18ﬁﬁ N DUXPUHY BEEF

Problem: Is there a difference in the population of marine organisms between

the different areas (A,B,C) of Duxbury Reef?

Hypothesis: In general, there should be less large-size marine organisms at
Area A (Agate Beach) and subsequently mere organisms the further out
one moves towards the extremities of Area C (Duxbury- main reef ).
Man's collecting habits might account for the difference in popula-

tion.

This overall problem and hypothesis will be the general theme for the following
studies on Duxbury Reef's marine population. The reef in some areas is extremely
rich in marine organisms (Figure 14) and barren in other areas, especially near
the Agate Beach entrance (Area A). The large marine animals will be the focus

of the studies, omitting the small marine worms, etc., which are normally over-

looked by people on a collecting or sporting excursion.

Figure 14. Tidepool Life at Duxbury. Can you identify the following marine
rganisms: sea stars (starfish), sea anemones, sea urchins in
their holes, and the California mussels? These four are part of
Duxbury Reef's major species.

18



The following section in this report

the major large—size marine organisms commonly found on Duxbury Reef.

mary table, page 45, lists the chief nume

ganism,
A, Sea Anemones
The study of major organisms will beg

anemones found throughout the ree

Anthopleura eleganiissima.

To the reef visitors,
To the bioclogist, these fringe-like p
poisonous stinging cells (nematocysts
lum, Coelenterata. These carnivorous

mals which come into contact with the

organism down into its single opening, the moutl

both anemones look similar,

teuches on the research studies on
A sum-

rical distribution of each major or-

in taxonomiecally with two dominant

f areas: Anthopleura xanthogrammicse

resembling flowers.
rojections are tentacles filled with
) which are characteristic of the phy-

animals will prey on many other ani-

iy tentacles, engulfing the trapped
th.

known marine predators of these coelenterates—it may be that these sea an-

emones are too peisonous for other or

z

Figure 1k. Anthopleura xanthogrammic

eatures to digesti,

R
I

iguy

A, xanthogrammica, @

14, is the lavger of the

two species which were stud-

ied; in faet, sutside of

gome deep water anemones

{(Metridium spp.),

the largest of intertidal

sea anemonsgs on west

coast.
has recorded

G, Chan

the growth of a specific A.
xanthogrammica for ten years,

1958-19

-l i
68. be
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a, the the only

giant green sea anemone.
lar one knewn as "Anthony Cha
tographed in December of 1967.

o

is

specimen is found in a tidepool in Ar
an X marks the approximate location o

anemone (fondly named by his students

e

This particu-

v ever recorded on
n', pho-

anemone over a peviod of

.
C,

ea Section
£

this anemone.

ag "Antheny Chan'- ¥Fig. 1/



with the choicest of food, mainly mussels from the outer sections of Area

€. Measuring this animal has been a

o

a tape measure over a contortionis

“1 yubbed the anemone with my fingers

e

ure 15: at that moment, I dropped a

meagured the widest peints in the conire

“hefore and after’ measurements of

Column Column Longest
Date Diameter ircumference Tentacle Length

June 2, 1958 67 18.,8" : g
Nov 19, 196

68 g o5,1v 2%%«

kind, especially for one which has
meat for over tem years., Another
and was smaller at the onset of this feeding

sured 3" and jé* in its before and after dian

been as significant. What does all

bl

14
o
Py
[
P
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that the more onelanemone

How long do sea anemones live?

nthogrammica 18

:
Figure 15. A, Xaﬁéﬁa rammica, contracted anemone

with shel parts on their dark é?&%% ﬂ@éubn%
probably for prevention of desiccation.
also illustrates much possible adaptations by ¢



arts on its heavily mucoused dark green {(an algal gymbient ] column to
5 E ! £ 3 }

prevent desiccation during prolonged periods of sun exposure when low

tide occurs.

Anthopnleura elegantissima,

ol
[
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i

ure 16, is much smaller than A.

xanthogrammica. This anemone 1is

i,

o
o
o
o
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i
o
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in thick patches
to protect itself from wave act-
his anemone generally is

found to be guite ahundant on the

ocle, counting was

o
Figure 16. A. ¢ s%aatisgiﬁ%% @@ﬁtw%ﬁéﬁé made quite difficult and somewhat

stage — i
= Bobert
mone.

contrast Hamilton's technigue was to walk

e

in parallel lines over the reef. At crevice intersections he would count
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the anemones of both species., Obviously bias

i3

in this type of sampling. value of the numbers produced in this anemone

report and in all of the subsequent marine organisms studies are reflected

e
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e
g
L
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in an honest attempt to veveal the nature of the
ing in each area of Duxbury

the following:

Area A. zanthoprammica L. elepantissima Totals
Area A o 1,E15 1,419
21 samples
Area B 505 2,900 5,205
16 samples

Area C 8,300 36, 000 Itk 500
ik samples

H

a1

ot

In reality, Myr. Hamil s numbers arve only pertinent to his own

particular counts. Tt does show an enormous difference in anemones in

21
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the three areas. A second person, using a slightly different transect

1

methodology might ebtain different numbers. G, Chan's counts: "I walked

]

ovey other areas which Mr. Hamilton did not cover with his transects. I,

too, covered the reef by using parallel transects and counting anemones in

jond

tidepools and crevices. Counting only A. xanthogrammica, the large gree:

anemons, | arvived at these figuressy”

Areas Counts of A, zanthogrammics These numbers represeunt the
Area A 32 count of anemones over approX—
{Channel A, Island A) . . L . .

imately the same size areas in
Area B 168 - .
o - A,B, and £ - all three cover a
Section 3
" total area of about 50 x 50 me-
Arvea C bA8 - u ?
Section & ters., The significance of both
Total 613 anemone counts is that the nume

hers do show a smaller total ia

e

Area A than B. and Avea C is the most heavily densely populated area,

Some Generalities

i. I we assume Areas A,B, and C to be somevwhat ecologically similar-

e

that is, the geography of the reef areas approximates the same con-

4

ditions for the populations of marine organisms, then one has to
ask why Area A has fewer anemones.
2. If we further assume that anemones have no natural predators, then

the less dense numbers in Area A may be due to the collecting habits
of the large number of human visitors to this reef area. Obviously,

the only way we would know that this assumption is true would be to

ey

A. xanthogrammica

observe every low tide and record the unumbers o

being pried off and thrown into buckets. Naturally, this task has
net been done. What has been done is small; some buckei observations
have taken place and sea anemones do rank as consistent bucket speci-
mens.

3. The intent of showing numbers in this anemone report is to document

some records which may illustrate what man may have done in heavily
populated veef areas.'Perhaps Lhave a deep fear that someday someone

may pry "Tony" off and thus end this beautiful and long~lasting

et
s
-

ship!" Nevertheless, it has to be said that it is more beneficia
all concerns if observations were to take place in the field rather

ssroom where the specimen is taken and will eventually

b
e
&
w
=N
1
e
e
i
(’3
2?9
(¥

die~= this is the ebjective of these studies, to protect what remains
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Chitons

Chitone are classified as mollusks, and

ganisms which occupied the
the class, Amphineura, chite

smocth rock habitat, chitons

ure 181},

s

there are times when these plate

are partially or completely cov-

al growth |

is related to their place in the
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Figure 17. Chitoen, Mopalia ciliata, Thei

anemones, etc. Man in general does not ea
ermen, when they can find these animals, will pry them ofi aund use the foot

wly because
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for bait. Marine biologiei
&

its bilateral symmetry places them near th

taxonomic structure. Feologically, its role and movement in the marine hab-

ke
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itat make it & prize animal to observe, The gumboot chiton
stelleri, whose reddish mantle covers its dorsal plates, is the largest chiton

in the world, up to 18 inches in length, and can be sesn in Area B, section
b t

cause an immediate

species of chitons, Mopalia ciliata {Fig.
Both these chitons are found on the surfaces
and ean be counted if the investigator kue

ouflage of chiton and the surrounding marine

&
o
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re generally

w

tongue, the radula. Chitons



cording every 1Z2-meter interval along
sach transect. Al each interval he
sampled an area of 30 square metersy

.

int
Areas A,B, and C. He also limited

the size of 1.25 to 7 centimeters
(about one-~half inch to nearly three
inches ), the latter being the largest

n sther words, he pro-

o

he ohserved.

4+ find nor see chitons

empty chiton grooves wers
observed by Mr., Gabrielson. He spec—
ulated that seme of these grooves

were made by chitons hundreds or even

oo

VEATSE 800 Ko ﬁ%@%&%éﬁé}i{;gg

Figure 18, Mopalia mucosa. Top

photo: The chiton is well con-
cealed with the algal growth.
Bottem phots: The chiton's
vertical foot and mouth are
exposed. te the old ones which were smooth. In

radula markings were "new" as compared
some areas, there were about three empty chiton grooves to every ehiton counted.

Summary of collected chiton data on M. ciliats and M. mucosa:

[
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Batio of emptv chiton h

2

No. of Chitons i;& =~
Area A: Beach flats = 3 o chitons
Rocky flats = 13 i5 2 heles te 1 chite
Area B: Seetion 1 = 47
Section 2 = 173
Section 3 = 6 656 1 hole to 1 chiton
Area C: Section % = 12
Section 2 = 28
Section 3 = 27
Section & = 12 7% % heles to 1 chiton

Total observed = 161
from 48 sample intersect:
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e

2k



General Assumptions

o

@

1. The fewest chitons were counted in Avea A, the Agate Beach are

3

The lower number of chitons in Area A may be attributed towards a
1

sk

food material and pessibility of

i,

combination of a decrease in alga

]

being picked up by school children on field trips. The highest sect-
ion, Area B, Section 1, contained 47 chitons and this area is not as
heavily peopled as Section 2. It is our opinion that those amateur
collectors walking over Section 1 do not see many of the alpgal-camou-
flaged chitons.

2, Area C has the most empty chiton holes. Since this area has also the
most sports fishermen, we assume that these seasoned veterans can spot
the chitons and use these for bait - thus, the assumption for the high-
er ratio of holes to chitons.

3. The recommendation is that all chitons be a protected species from the

collectors as well as the fishermen. Fishermen should use the mussel

for bait (see the following section on mussels).
£,

]

[
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Mussels

The California mussel, Mytilus californianus, a hivalve  belonging to

2%

iy
the phylum Mollusca and the class lLamellibranchia, is probably the most
dominant marine organism on Duxbury Reef. These bivalve animals exist in

large strips and patches along the wave swept rocks of the intertidal re-
1

gion. The mussel can withstand great wave shock by securing itself with
its byssal threads and aggregating itself in dense numbers (Fig. 19).

The ecology of mussels form a very fascinating body of knowledge for

marine biologists. The bibliography encloses some of the works by out-

£

standing individuals - in particular, the standard bible of Pacific Coast
marine 1ife., Hicketts and Calvin'e text, ‘Between Pacific Tides®.

f? , iams of our team has

vily with his Tine pa-
per ont ”Eavestiga;égﬁg
inte the Ecology and

Porulation of Mvtilus

~alifornianus at Duxe-

[

bury Reef". This pa-
per, like the others,

may be read at the

Bolinas Marine station
Figure 19. A square meter of mussel bed, {Appendix &). Enclosed
Myitilus ealifornianus. There are over .
- e in this report, Appen-
5,000 marine organisms living in this * :
square meter! dix 1 is the list of
the marine organisms which inhabit the same niche as the California mussel.
The protective "housing’ provided by the aggregating mussels would ideally

provide a "built-in city” for many residents. The classic study of mussel

beds is that done by Hewatt in 1931. He scraped off a square yard {Fig.

]
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s
s}
ke
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19) of mussel bed down to the bare rock., In this area, b
mussels, and with other animals living in and underneath this mass, he
counted a total of 5,165 marine animals! (Also see Williams' list, Appen-

dix E}e Considering our previous veporting on the regeneration of a seraped

off mussel bed, let's now discuss what has been studied at Duxbury Reef.

Ed. by




Suppose a mussel fisherman scrapes off a large patch of mussels, what
is the repopulation or succession rate of marine animals which cccupy this

gspace? This guestion is stated as such because many

pecurred and have hesn oshzerved at

this author.
Hewatt's study indicated that after one year's time, from a clear

patch of granite rock, 89 mussels repopu gpace. He did not fol-

low through as to how long it tosk .1 pateh recccupied to its

¥

previcus conditions.

In 1957, .'G. .Chan cleaned off a square meter patch at Area C, section

4, of Duxbury Heef. This patch was compl
total of 10 years for complete succession to take place, This square meter

was cleaned out of a center of a larger patch of mussel bed. What would hap-

pen if a strip were cleaned out, starting from the edge of a mussel bed? On

December 7, 1965, we again cleaned osut a strip, 15 feet long, one foot wide,

in Area C, Section %, of Duxbury Reef. The natural succession of algae, barn-
acles, limpets, etc., has filled in some of the bare surfaces. After nearly

i1
three vears, on Julv 10, 1968, the sirivp was 12 feet long, shoriened by some
$ o g E i ¢

three feet, but was #till sbout ons foot

gquare meter patch

removed from a la

&ﬁ?

rger section of

The reason this strip will be
onger is that wave action and

a consistent repopula-

take many more years

trip to close in at the logp.

Figure 20. Mussel sirip suc-
cession experiment after
nearly 3 y%gfyg photo taken
on July 10, 1968,
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wder the direction of

of sampling the mussel

Mussel beds

G.L. Chan,

was as follows:

were mapped out and
Fach grid intersection was written on pieces of

coordinate grids were marked
paper.

researcher G. Williams' methodology

out.

A set of ran-

dom samples was obtained for population estimates by drawing the papers

out and sampling ai %he intersection.

Areas A,B, and C.

Two apeclies were

studied:

Eleven mussel beds were mapped in

. total of 110 square meter samples were studied, one
sguare meter 5a$§ig at each intersection chosen by random numbers.

Mytilus califernianus (the mussel)

Pollicipes polymerus {(the goose barnacle)

Statistical population estimates were made by use of the following computa-

tions

Sample Estimates

To determine the

the -

the

(also used by other student invest

Population Estimates

Use of the 95% confidence interval:
for the range within which one may

expect the true population mean tu

oceur, in 95%

The population of Mytilus califormianus

In Area C, large numbers

2,022 mussels

nacle. which lives commensally with the mussel ranged from O to

per sguare

meter 88

uals per square meter sample.

ample.

were counted per square meter.

Pollicines

yo lymerus,

= X4
mean: X Z.m,l,
I 2
2 oy X
variance: 8 =
standard deviation:
+ 3 \
- 7 e e j o= bk
m,{;m ¥ Il
of repeated sampling.
varied considerably at Duxbury Reef.

wing from 450 to

]

the goose bar-

338 individ-

Summary of G, Williams’ Calculations
— ;2
Aveas X = mean/m Mussel's Length (em)
e 2] P % 5 o
. Mytilus ?@iéigzpe@ 95% confidence Range of
{ iy @« ¥ g vy .
(mussel)| (barnacle) interval ssels
{/ = population mean
Avea A 7 %5hL w62 - By c&,{iw;é inches )
(one bed) (10 samples)
Area B 335 a0 - fpmid )
{sne bed) {3% §&@§E%$>
Area C 854 73 71t £ g(g 597 5-15 em (2-6 inches)
(nine beds) (90 samples)
i




Generalizations concerning the Study of Mussel Population

1. Area C, containing the most sampled beds, contains the greatest number

of mussels. Seme of the mussel beds run for about 50 meters in solid

,

patches. The mean (X} of 854 per square meter indicates the density

of these mussel beds in Avrea €.
2. Notice the ratio of mussels to barnacles. In Area C, the mean of mus-
sel to barnacle is 854 te 73, In Area A, the ratio is 354 mussels to
462 barnacles. Area A's sample was taken in the southwest corner, the
only spot with some mussel

¢

beds, Otherwise. Area A
is fairly devoid of mussel
in comparison to

and C. Figure 21 to the
left indicates the stiudy
sample in Area A. There
are more barnacles than
mussels., The assumption
is that individuals have
removed all the mussels

(for food and bait), leav-

ing the unwanted barnacles

Figure 21, Sample of Area A mussel bed. by themselves! Normally,
Pollicipes polymerus, the goose bar-

S . ) these barnacles shou
nacle, dominates the mussel beds.

u
heavily surrounded by the
mussels.

%. The size of mussels is very conspicuously small in Area A. from 3-G
centimeters (less than 2% inches). They are larger in Area B, and 1ir
the far out reaches of Area C, Section 5, the mussels are huge: some
ave 15emor about 6 inches in length. Obviously, the clese in Areas
A and B are well picked over by mussel fishermen and collectors. In
the outer parts of Area , where access is difficult, they still re-

main large and somewhat untouched.

e
&
et
o
i
o
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sections of Areas A,B, and C, there are large glaring open
spots where one can easily see that mussels have been seraped off.
Since there is no limit as to how many mussels may be taken f

sea shores, it is recommended that the following take place in the

29
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proposed "marine reserve’:
a. Fishermen may use mussels for bait, and mussels ghould be pulled

fyom the center of the beds.
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b. Fishermen taking mussels for human consumption shoul
to a fish and game license of 50 mussels per day, with a minimum
size of 10 em or 4 inches, This will enable most of the patches

to grow and expand over the y

In fact, this requirement should
be a statewide fish and game regulation

The mussel is guarantined during the summer months becausse of
the collection of undigesied max lag
These are poisonous for human consumpbion.
heds provide

"eity" habitat for over 40 species of animals

1 a
and plants. These other species may be worth consideration of conser-

id-
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There are alsc & host of bivalve nestlers in shale erevices, belonging teo
the families Petricolidae and Saxicavidae.

Ceters and
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Murray utilized a transect
methodology of sampling
the shale rocks behind the
hard rock ridges of the

kel

Duxbury Reef areas. At
each interval of approxi-
mately 25 meters, they dug
ont an estimated one sguaxe
foot of rock. Here they
counted and identified the
species. Converting their
sample estimates for a
square meter, they chtained
{same statistical

formulae as that used for
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Figure 23. Parapholas californica, the giant

boring piddock.
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than what was necessary. A total of 38 samples were taken through

A, B, and C.

Summary Statistics of borers

1 Mean (X) per square meter
Areas Platyvodon Botula Pholadidesa
Area A ‘ 17.5 16.6 2.8
(8 samples)
Avea B i L6 11,4 29,0
(16 samples) Lo
P S e o waves
Area C 53.5 85.5 34,8 Myiwwmww
(1% samples) e
In Area C, the reef was divided into three regionss (i ———eaxposed
Exposed Side 127 7% * .
,n? f %? _midgdle
Middle 84 84
Protected &89 95
protected

i ; 5
#These numbers represent total
counts of just two species.



Generalizations

i&

With consideration of the total 66 acres of the reef, along with the
mean number of borers persquare meter, there is evidently a great
abundance of these organisms throughout the reef.

Area C has the highest density of borers, with no apparent different-
iation between the density of borers on the exposed, middle. or pro-
tected zides of the reef,

If rock clamming is allowed to continue unchecked, we wonder if there
will be any correlation between the work of

the growing numbers of

rock clammers, the impending "flattened" reef. and the probable in-

creased wave erosion of the Bolinas eliffs?  Can the residents of

o

the Bolinas headland mesa afford to risk the consequences of ignor-

ing the significance of such a correlation?

To repeat the recommendation stated previously. rock clamming should

be prohibited in this proposed "marine reserve" in order to protect
the shale reef from the destruction caused by the picks and chisels
of man. The few rock clammers {average 4 per low tide) should turn

their gastronomic interest towards other marine seafooda,

Ll
Ll



Hilack Turban Snails

%

As one enters the reef from the Agate Beach entrance to Area A, the first

organism usually encountered is the black turban snail, Tegula funebralis

€F1 ° 2%}? belongin ts the phyium Mollusca.
g = 7 ij }
There are iwo E{E&}{}? %?%{E%S of i%g“&i& snails

on Duxbury Heef, Tepgula funebralis, the black

turban snail, and Tegula brunnea, the brown

turban snail. The black snail is by far the
most common.

The invesiigator, Miss Bara Conklin,

found the species to be extremely abundant.

Figure 2h. E% ula fa@@%faé1

the black turban snail,

Some Generalities

1. There seem to be hundreds of thousands of these turban snails throughout
the Areas A,B,C., There does not seem to be much difference in density

of numbers. Some size differences in certain sections may indicate nur-

suries.
2, (ollectors, seeing that these animals are so abundant, do not pick these

up to any great extent. The only few people I have seen picking these
snails up in large numbers are those intent upen eating them! Thus, man



Sea Slugs

These beautiful multi-colored marine mollusks belonging to the subclass,
Opisthobranchia, are the choice prize of students on field trips to Duxbury
RBeef. The auther, listening in on meny groups clustersd at Duxbury Heel be-
fore the charge is given, has heard the leader state, "Be sure to be on the
lockout for ﬁ&dﬁbraﬁgkg (sea slugs)". These are snails without a shell in
moet cases.

Thesze molluscans ave commenly found throughout
the reef tidepools because of their very bright
contrasting colors, a probable mimicry to warn
other marine predators to stay away from them.

Hermissenda crassicornis, Fig. 25, is by far

the most common sea slug found in the reel tide-
pools, or for that matter, throughout any inter-

tidal region of the Pscific Ceast.

Figure 25. Hermissends The authers have had the pleasure of working
crassicoernis, Duxbury's
most common sea slug.

with the investigator, Terrance Gosliner, for
gix vears. Mr. Gosliner has worked with the

experts in Opisthobranchs and is already considered by the professionals to

foty

[l

be one of the outstanding young authorities on the Pacific Coast. His study
of "Opisthobranchs of Duxbury Reef and the Bolinas lLagoon' is available for
serious researchers intc the ecology of the marine organisms. He cites the
natural histery of these species in his paper.

The species list by Mr. Gosliner (Appendix 2) is one of the first ever
for a particular reef, covering a period of three years. The rare species
are stated as opinions of Mr. Gosliner. His current research is an attempt
to study the habits of these sea slugs; i.e., what do they eat, where do they
go in the winter time, are these animals zonated, ete.? The general comment
on the density of sea slugs on the reef by Mr. Gosliner is that Area A has
the fewest sea slugs-sbout 5% of the total seaslugs observed, Area B has
about 30% {gxse§t for Section % which is abundant), and Area C has the high-

%

est density of these marine animals, about 65%



[y

Crabse

Duxbury Reef teems with crabs of all sizes and species. Crabs should be a
prime example in illustrating the hypothesis that more visitors to Areas A
and B result in less marine organisms. In reality, investigator David Steb-

bins arrived at a variety of results which are quite interesting.

Mr. Stebbins' methodology of
using visual counts on chger~
vation trips produced a sample
count on four organisms:

Cancer antennarius, the large
- s -y
red rock crab (Fig. 26).

Pachverapsus crassipes, the
fast moving lined shore
crab {?igﬁ 27},

Hemigrapsus nudus, the purple
gshore erab and close
relative to P. crassipes.

Petrolisthes cinciipes, the
?@?Q%i&lﬁ crab which
lives under rocks and
mussel beds.

Figure 26. Cancer antennarius, large rock
erab. There are no consistent crab

reef, as the

23 % DT

Tignermen on

“»
m

€. antennarius does not grow

to large sizes for sufficient

diggers come upon a crab with
a 7-inch carapace width, they
will stuff it inte their clam

sack for a small mes

st
&
b
[
&
B
(1]

Purthermore, school children

have some fear of the crabs

Figure 27. Pachygrapsus crassipes, the because of their menacing
guick moving lined shore crab.

~

chelipeds i@%agg . Chan has
seen a C. antennarius almost tear a woman's finger off because she carelessly
grabbed this muscular crab the wrong way. Many other persons have probably
felt this same hurt in some degree when picking up crabs.

David Stebbins® total counts revealed the following:

Areas €, antennarius P. crassipes  H. nudus
Area A 0 1 29
Arves B % 311 &
Area C 46 i3 0

4

=



Generalities

The scarcity of the hypothesis that man is

nicking un the c¢rab in ares vily populated with visitors. The
E =] ,29

other crabs do not show the

dichotomy comes from understanding the nature of

. antennarius is large and ve

vy slow moving. He can be trapped

r
and bucketed without much difficulty in his habitat of living

1
P, crassipes and H. nudus are very fast movers and live in crevices,

The high counts in Aveas A and B simply show that they are dif-
ficult to catch, and indeed they are! The garbage leftl over by

human visitors may further account for the higher numbers of these
scavenger~feedin
P. cinctipes, the procelain crab which lives under the rocks and mussel

beds, appears to be

countsof th

crabs per square meter in the mussel beds were 1.600L! This number seem
gquite high, as Hewatt's square meter showed 416 such crabs in his Monterey

sample., Nevertheless, it may be assumed that this erab exists in very

high number

et

s throughout

Since these crabs form of the food web within the reel area.

it is recommended that e protected fyrom being removed. ln
E g

the aunthors' own chservations,Cancer antennariug seems (o be threate

2
with extinction in Areas A and Bj; Area C. being more remote. is still

somewhat populated with this crab.
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H. Sea Stars (Starfish)

more people = less anima
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which might best exemplify the assumption. In the establishment of the
Moss Beach Reef in San Mateo County as a marine reserve, the absence of
sea stars was one of the major illustrations of the intrusion of collectors.

Sea stars Teed on mussels, Fig

w

28, and in the status of sea stars at
Duxbury Reef, the decreased number of stars in Area A (Agate Beach) migl
be caused by duo forces. Investigator Miss Pamela Blair used the method-
ology of transect walks, recording sea stars at every 10 paces or approx-

imately 8 meters. At every interval she counted sea stars in a large area,
totaling 212 samples in Areas A, B, and C. Her count involved two species

¥ sea stars, Pisaster ochracecous and Pisaster brevespipus. In the sta-—

o
tistical ecountse, the stars are near extinection in

Figure 28, Pisaster ochracecus, the
food, t life




P, Blairfs Statistical Summary

Chan's Counts

Areas Ne. of Samples No., of Pisasters 3-day chaervation
Area A Ll 3 3 (all that he could
Avea B 128 49 5g See in one day!)
Area C ko 55 79
Total 212 107 150

Generglities
1. Avea A, accerding to the obhservations by Miss Blair and the auther each

opersting on different davs, shows a similar substantive count. The ecau-

gses for the low count in Area A may be atitributed fo:

a. People are habitual collectors of sea stars fovr home trophies. Man
is the major contributor to the few remaining stars in Ares A.

b. Since Area A also has the lowest density of mussel beds (Williams'
report) and the smallest size of mussels, then there would naturally
follow that there is less food for sea stars to eat, thus resulting
in & fewer of these echinoderms in Area A.

2. ©Bea stars from Arves B were abundant because the highest density of count

e
was at the outer vesches of Section % where few visiters reach. Most in-
dividuals search the ridge in Section 2. (See Fig. 3, 34, pp. 7,8)

%. SBea star sizes in Aveas A

and B are smell in compar-
izon to those at Sect. &

and 5 in Avea U. Few vis—
itors get out to these far

tions to take home the

i
o
[e]
ok
ot

stars should be protected,
and sea stars should not
be carvied from their nat-
. o . ural habitat of the mussel
Figure 29. Giant size P. ochracecus from
the cuter ssctions of Duxbury
Reef, Area C, Summer, 1968,

u"’
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egd,



Sea Urchins

”

he last marine invertehrate surveyed in the summer of 1968 was the

i

purple sea urchin, Strongylocentrotus purpuratus, belonging to the phylum,

Echinodermata, the spiny skin animals. In all of the Duxbury Reef Areas,
A-C, these sea urching arve located 8t the zone 4 {very
the wave swepi rocks. These algae-eating s

2
; . , . . S N =
the soft shale to prevent their being washed away by waves (Fig. 14, 30).
5 & &

Research investigators

lane Zimmerman

i

i

%

ire 30, Strongvleeentrotus puy
their int %?zzi& hurrows.,

Sea urchins cannot tolerate a long e
and thus are more ahundant helow the
will attest to the abundance of sea urchins on the acean floor of the contin-

ental shelf,

minus low




Pro jected
otal Urchins Observations

Areas No, of Samples
Area A 3 i5.9 1,125 Great number of empty
urchin beds
\ B Sec. 1 & 22,2 10,5650 . Cd L -
rea . L - - Greatest density in Sec. 3.
Sec. 2 & 3 6 29.5 L, 250 e B 7

Area { 16 19.0 106,726 Gireatest density in Hee. 2,
3. and 4. Sec. 5 was not
sampled.

168,745 = Hough estimate of the
projected population at
low tides of 0.9 to ~1.5.

Generalities

Nl

Remembering that the intertidal urchins represent but a small proportion

s

he sub-lit

o
]

of the majority which live in ral zoune, one may assume that
urchins are of vast numbers on and below the intertidal zone. However,
gince most reef visitors do net dive. the remnant of urchins seep at

Duxbury do present an educational experience for reef visitors.

pr

Since it was reported in Miss Blair's study that there are few sea stars.
we then assume that the many empiy urchin holes were net a result of these
chinoderms. We may conclude that man again has been the predator in re-

cent years. Some people are known to gather sea urchins for food: the

gonads of the urchins are considered to be a gasironomic delicacy. We

do not believe, however. that these few gatherers are responsible for

the depletion of the urchins at Area A; rather. the large numbers of

school children may be the culprits in this echinoderm heist.

We recommend that urchins be a protected species in the proposed "marine
"

reserve”. The small number of gonad-eating people should reaily dive

for the larger urchins living under the surface. or go into Sputhern

Califoerunia where sea. urchin eaters are most welcomed: in fact, one

can be paid for this task by the sea weed indusiry



Fishes

The 1968 study of fishes on Duxbury Reef was compiled by James Smith, Buz

Leuchtenberger and John Worman. Their study conc
small tidepool fishes rather than on the larger
pools. The investigators' chief sampling technig

pools, identify and count the species. In sampl

out the reef areas, A,B, and C, an attempt was mac

pens to tidepools depleied of fish, Iu one test

sport fishes in the big

entrated on the swift and
er

¥ i

e
ue was to drain the tide~

ugh

ing the tidepools throu

fe to determine what hap-

poel iun Avea U, the investi-

igators removed all the fish and water from the pool, to test their hypo-

thesis that tidepool fish density fluctuates frequently. The test pool con-

tained 16 fish, of both sculpin varieties (15 0li

gocottus spyderi, lig. 31,

and 1 0ligocottus maculosus). Returning 24 hours

later to sample this same

pool, the investigators found 21 fish (all 0Oligoc
of 5 fish. There seems to be some support fo
mobile during periods of high tides and tidepools
A second question was probed- Do school chil
ulation in Area A as compared te Area C which fe
same technique of draining the pools. the investig

lowing results:
Number of Number of T

& idea that fish are gquite

are immediately replenished,

dren deplete the fish pop-

w children visit? Using the

gators arrived at the fol-

gtal number

Areas Samples-Tidepools Identified species of fish X, mean pool
A 5 2 30 .2
B o 6 98 16.2
C 4 & b1 10.4
15 176 1.7

ower total number (and mean) of fish in
indicate that the cause is due to people picking
f

FREE

the fact that fish are very mobile du

[
s
<
@
i
el
bt

<

ators concluded that perhaps the lack of
B I

Area A may not significantl
up Tish for school agquaria.
ring times of

overall marine organisms in

Area A, thus providing less abundance of food, might contribute towards the

ower total numbers of fishes. Then, again, the

1
biased, although tidepools sampled were in areas

oy
=

act, there are probably numerous the

©

ine organisms in Arvea A.

o
"
5
ywet
i
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[
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sampling technigu
of heavy footl traffic. in

decreased numbers of mar-

1igh tides, the

iy



Figure 31. Oligocottus snyderi. The most abundant tidepool fish
found in the studies, This small cottid {sculpin) averaged
about 6 em or about 2 inches in length.

The above fish was counted as the most abundant fish found in the gurvey.,
0f the 176 total number of fish counted, B4% or 148 were 0. soyderi., This
swift swimming fish also utilizes a clever color adaption te camouflage
his body in the tidepools. Its stomach contents yielded almost 100% amphi-
pods,

The species list of the 1968 investigation resulted in the following

tidepenl fishes:

Species Number found
Oligocottus spvderi 148
Gobiesox meandrica 7
Clinocottus zlobicens 7
Xerepes fucorum 5
Uligocottus maculosus 2
Oligocottus rimensis 2
Anoplarchus purpurescens i
Clinceottus analis i
Unidentified cottids 3

176

Appendix 3 species list cites the work of Dr. Stanley H. Weitzman. In
parentheses we have given common names to those fish which are considered
game fish hy reef fishermen.

3 o

Recommendation: Sport fisheries be permitted from Duxbury Reef, subje

[
b
o
w

ow

?WMJ
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tw«l’
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w
o
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California Fish and Game regulations: other collection of tidepoo

discouraged.
5%

o



Other Marine Organisms

ot
s
o
1]
)
e
34
ks
s
&5
ot
e
W
e
6
g
e

The foregoing discussion of marine organisms was ajor

animals most likely to be affected by the population of humans on Duxbury

Reef. The following is just a brief review on a few other species somewhat

classed as "not major'" but imporitant te the reef ecology.

1. The limpet molluscans are a group which probably is one of the most
numerous of reef marine organisms. They are found on nearly all ex-

posed rocks., The only species which seems threatened with extinction

at
is the owl limpet, Lottia gigantea (Fig. 32). Throughout the west coast,
gt 11

this large oval limpet, ahout 2-%" in len 1y be found in "vir-
& Z 7 &

o
'l
o
e

gin" reef areas or in mavine reserves guch sz Pt. Lebos in Montersy County.
These limpets ave a delicacy for many individuals, and when spotied are
guickly pried off since there ave no fish and game limits, At Duxbury

yin in a well-

o

Reef, only a very small nuwber, 16, of these animals rema
¥ J 3
concealed group of rocks in Area C, Section 3. Again, it is our hope

£
L4

that the revealing of such "secret not lead to an immediate rush
e

o
{K«

it
f:
Jooes

1
or fTishermen {o deplete these remaining few. These should be left for

education rather +than digestion!
&

]

. Other veef marine organisms sush as
snails, rock ovsters, kelp crabs,
shrimps, barnacles, osctopus, tun-
icates, and sea stars, all should

stected from the collecting

others are so very imporiant to

Lottia gigantea, the giant
limpet, about 23" long. tute a vast mass of org

which provides food and habitat for countless numbers of marine animals.

A study of the intertidal algae at Duxbury by Miss Mary deFremery is il
able at the Bolinas Marine Station along with many other fine textbooks
(see Bibliography). Fortunately, few people pick ssaweeds. Here is much
beauty for the enjoyment of all who may desire such education. There isg

no recommendation to prohibit the removal of seaweed from any reef area.

e
sl



Le Summarv of Major Intertidal Marine Animals in Areas A,B, and € of Duxbury Reef

Major Marine Animals Avea A Avea B Area O Commente on samples
1. Anthopleura xanthogrammics 32 168 Wi Counts made for
{sea anemone) specific sections

in each area.

2. Mopalia spp. i6 66 7Y Counts made from
(chitons) 48 sample inter—

secfions,

3. Mytilus californianus 354 335 854k X/ m™
(mussel)
. 3
4, Platvodon cancellatus 17 L5 573 Xom~
(boring clam)
5. Haliotis rufescens 4 4 3 Only 35 abalones were
(red abalone) shegerved intertidally
in Area U the past 5 yvrs.
0. Lottia gigantea G O 16 Total number counted
owl limpet) in Area U,
— O
7. Tepula funebralis O EG i8 X om~
{black turban snail)
8. Opisthobranchia 5% 30% 653% % of total chserved by
(sea slugs) T. Gosliner in a 5-vr
period.
S, Cancer antennarius O 3 46 Tetal counts in each
(red rock crab) area.
10. Piaster ochraceous 3 £G 55 fotal transects counts,
{purple szea stay)
o
11. Strongviocentroetus purpuratus i35 22 24 X @3
(purple sea urchin) Sec.l
. Jo—. ¥
12, Cottid (fish) 7.2 16.2 10.4 X.m~ for specific

tidepools.

¥ mean or average counts per square metfer.
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CONCLUE

N_and RECOMMENDATIONS

AL

General Considerations

Duxbury Reef is, in the authors' opinions, one of the largest and most richly
populated shale reefs on the Pacific Coast. Its marine organisms illustrate
beauty and variety of such magnitude that conservation of the ree
organisms seems to be of utmost importance. To conserve the reef is to allow
the natural forces of ecology to interact with time.

The discussion of the major marine animals on the reef omits several re-
lated organisms which inhabit the reef areas. For instance, the use of the
reef by birds- the American egret, blue heron, pelican, and many other shore
birds- is interrelated to the natural ecolegy of the reef, The oce upancy of
Section 5 of Avea C by a large herd of seals and sea lions is ancther import-
ant factor to consider in the total uniqueness of the reef. One other organ—
ism needs to he mentioned. This organism is classified as the world's most
primitive vertebrate-like animal. Looking like a marine worm, this species is
being studied by zoologists all over the world as the best illustration of the
evolutionary sequence from worm to vertebrate. This species is extr ‘emely rare

on the Pacific Coast: ocutside

spot where Chan has ever fou
Mesoglossus ngi?}m commonl
students teld a university proi
sequently the reef was invad

this animal for classroom study

&
Section 2, lest there come

at Duxbury do net want the
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open to recreational sports fishermen- that is, individuals using the ree

iy

for pole fishing of sport fishes {(Appendix %), Figure 34,
P ) g

Iin the recommendations to

it

follow, there are suggestions
ish"

by

to iimit this resf to
fishermen and to prohibit the

rock clammer sportsmen from

eroding the shale with their
picks and chisels, Alss, duck
hunting from the reef should
be restricted as on one oo

cagion, the author and his

Figure 34. Fishermen on Duxbury Reef, students were nearly hit by
Area C. ricocheting bullets.

Une last word. Though it
is recommended that the veef
be open to all visitors, groups
moving onto Duxbury Reef face
the hazard of being trapped by
dangerous fleooding tidal chan-—
nels and strong wave actions
which can bring disaster to un-
suspecting individuals or groups.
Occasionally, one reads of in-
dividuales heing stranded or

drowned while adventuring on

s . . . Duxbury Heef., The oscean iz a
Figure 35. A student nearly hit by a giant o
wave on Duxbury Reef. powerful force and it must be

studied and understood to some
extent before one attempts to visit these areas. Safety imstruction should pre-
cede all visits by educational classes; to do otherwise would invite serious

consequences and injuries to innoccent persons.

b7



Area A

¢ Agate Beach reef aresa is the mosi populated of the reef aveas w
vigitors. The parking lot and road to beach are a convenience
many individuals. However, this area is also most devoid of la
marine oy i ‘ I

ith
for

rge

Area B: This area with its large shale flats and hard shale ridge is being
used by more and more institubtienal students. Some of this arsa, Sec-
tions 1 and 2, are nearly as devoid of large marine animals as Area
A. Bection 3 of this area is very difficult to reach, and it still
is richly populated with these large marine animals~ sea stars, etc.

Area C: This long reef, about 1,000 meters in length, is the least visited
by humans. Dangerous flood chamnnels and rocks covered by slippery

algae prevent many collectors from venturing too far ocut inte this
area,

Basic Generalities

1. All three reef areas are basically the same in geological structures
and geographically, the conditions for life are similar in all three
areas.

2. Although there are many marine organisms still abundant iu Area A-
e.g.. limpetis, turban snails, ete.=- 1t is reported here that Area 4
seems to have a great lack of large-size marine organisms. Hee sum-—
mary table, page 45.

5 general assumption is that Area A, though smaller in acres than

B and €, has been nearly "picked clean” of the major marine ani-
malg~ sea stars, rock crabs, green sea anemones, wussels, urchins, ete.-
by the hundreds of individuals descending onto this reef area from all

4,

Seeing that Aveas A and B are somewhat deveid of major marine anim
students and teachers will become more aggressive and hike out snto

a €, the major reef, for their collecting.
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Unless some protective measure, such as the establishment of a "ma
reserve', is instituted in the near future, Duxbury Heel will be 1
a beautiful mavine habitat. Man has his chance now teo contribute

the reef and to the education of the increasing future
i

o

e

ts of

rine
et as
to the

gener-
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Specific Hecommendations

1.

G,

A "Heef Patrolman®

Duxbury Reef, Areas A,B,C, and D should be designated as a

Heserve", Area D, L, 22}%

should be left spen 1
All marine invertebrates (and should

d
restricted from being removed frem the resf,

"Marine

the Duxbury sandflats,

be protected and

The only exceplions are:

Duxbury

a. Protothaca staminea, the butter cockle, can be permitted under
Fish and Game regulations to be taken from Area D, the
sandflats.

b, Mytilus californianus, the California mussel, can be taken,
per license-holder per day, with a minimum size of & inches in
length. These mussels are usually quar ned in the summe

moenths of May., June., July, and August, bhecause of

of poisonous dinoflagella
Fishing for all sport fish should be ?%?ﬁiii%é en any portion o

reef. The California

be picked up from the reef

ig
be removed from the center of the mussel patches., Collecting o

tidepool cottids should be discouraged.

Collecting for scientific purposes can be done

the Scientific Collector's Permit as issued yearly to speci

viduals affiliated

¥

the abundanc

only by perscns holding
fied indi-

with science organizations by the State of California

Department of Fish and Game. (In fact, the total California coast should
be regulated by the rules of the Scientific Collector's Permit. That is,
no one may collect marine invertebrates unless one holds this permit or
one of the annual Fish and Game Sport Fishing Licenses.)

Marine algae (seaweeds) may be removed from the reef areas. There is no
immediate danger for the extinction of these plants. Man has not yet
developed the digestive enzymes whereby he can eat seaweed for beneficial
bodily growth~- some day, yes, but at present, the seaweeds are just "bulk"

foods when eaten. (Minerals can be ext
The shooting or hunting of all birds fr the reel should be prehibi

e

The jurisdiction of this reserve should be under the auspices

Marin County Board of Supervisocrs and its reation

N

should be department to

reef at low tides.

[
o

of

police

acted for beneficial supplements. )

3

ted.

the

Department.

the
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Suggested timetable fo

L

February, 1969-

%r@%@s&i revi
the Department of

P
and

implementation of

Proposal initiated by th

kX

swed by

Proposal reviewed by the U ni .8 a
Parks and Becreation, Beaches and Parks De-

Game,

partments.

April, 1969-

Presentation of

"Marine Heserve!

County Doard of Supervisers. Public ée;&ae of %&%
issues should be held at this time.

Mav, 1969 1f proposal is passed by the Supsrvisors, the Parks
and 29@%&3{15? Qe%a?éﬁ%ﬁi should implement signsg and
rest room fac d a i
oy §ar€m§&m@ i

Marin wil

B

hopeful plans of a Bolinas

iﬁ%@??@fai@é with the reef

area one of Califernia's most unigque marine

Duxbury ﬁ%v&%ggm%xié Likewise, the

ot

agoon Reserve could be eventually

project to establish

Lt
G



VI. BIBLIOGRAPHY AND PHOTOQ CREDITS

Abbott, D.P.; Blinks, L.R.: Phillips, J.H.; and Strohler, R., The Biology of
Tegula funebralis, The ?eligeyt Vol, 6, Supp., California Malacozoological
Society, Inec., November 15, 1964,

Bolin, Rolf L., Artificial Kev to the Species of Cottidae Known from California,
unpublished paper, 1949,

Carsen, Rachel, The Sea Arcund Us, Golden Press, New Yeork, 1058,

Chan, G.L., Population Studies of Marine Animals in Bolinas Lagoon, (ollege of
Marin Press, Kentfield, California, 1967,

Clemens, W.A., PFishes of thg Pacific Coast of Canada, Fisheries Research Board
of Canada, Ottawa, 1046,

Fisher, H.A., Statistical Methods for Research Workers, Edinburgh, Oliver and
Boyd, England, 1950.

Fiteh, John E., Common Marine Bivalves of California, Fish Bulletin No. 90,
California Fish and Game, 1953,

Hedgpeth, J.W., Intro. to Seashore Life of the San francisco Bayv Region and the
Coast of Noxthern Califeornia, University of California Press, 1962,

Hollenberg, G.J., and Abbott, I.A., Supplement to Smith's Marine Aloae of the
Monterey Peninsula., Stanford University Press., 1966,

Howard, A.D., Eveolution of the Landscane, University of Californiaz Press, Bere
keley, 1962,

Jenkins, 0.P., Ed., and others, Geologic Guidebook of the San Francisco Bav
Counties, Bulletin 154, California Department of Natural Resources. Di-
vision of Mines, December, 1051,

Johnson, M.E., and Snook, H.J., Seashore Animals of the Pacific Coast, Dover
Publications, Inc., New York., 1967,

Light, S.F., and others, Intertidal Invertebrates of the Central California
Coast, University of California Press, 195,,

MacFarland., F.M,, Studies of Opistobranchiate Mollusks of’the Pacific Coast, N
Memoirs of the California Academy of Sciences, Vol. 6. San Francisce, 19606,

MacGinitie, G.E,. and MacGinitie, N., Natural History of Marine Animals, McGraw-
Hill, 1G49.

Marcus, Ernst, Opistobranch Mollusks from California, The Veliger, Vol. 3, supps .
Northern California Malacozoological Club, February 1, 1961.

Moore, H.B., Marine Feoleopy., John Wilev & Sens, Inc., New Yerk, 1964,
s g5 e 3

Rickettg, E.F., and Calvin, J., Between Pacific Tides. Stanford University Press,
19654 Revised by Joel W. Hedgpeth, 1968.

Hoedel, Phil M., Common Ocean Fishes of the California Ceoast, Fish Bulletin No.
91, California Department of Fish and Game, 1053,

Simpson, G.G.: Roe, Anne; and Lewontin, H.C., Quantitative Zoolegy,. Harcourt,
Grace & World, 1960.

Smith, Gilbert M., Marine Algsae of the Monterey Peninsula, Stanford University
Press, 1964,

Steinbeck, John, The Log from the Sea of Cortez, The Viking Press, New York, 1951,

Photo Credits: Cover, Figures 1.2,4, by Aero Photographers, Inc., Sausalito. Cal,
Figure 31 -~ by Mr. James Smith
All other photos by Gordon L, Chan. College of Marin
51




APPENDIX 1. Sopscies List of Animsls and Plante Found with Mvtilus californianus

by Gary Williams

Marine Animals Bolinas Marine Station

July, 1968

Ceelenteratsa

Anthopleura elegantissima (Brandt, 1835) *%x
A. xanthogrammica (Brandt, 1835) ¥ Animal Key (Summer, 1968)
Tealia crassicornis (Muller, 1776) %%

Annelida * not common in samples
Nereis vexillesa Grube, 1851 * (0-5/ 2;

A e 5 .

Arthropoda ' n ) **% common in samples
Balanus glanduls Darwin, 1884 %%
B. tintintabulum (Linnaeus, 1758) * (5-50/m
Pollicipes polymerus (Sowerby, 183 Eé KR *¥% aghundant in samples

Idothea stenops (Benedict, 1898) *

Fabis subguadrata Dana, 1851

Pachvgrapsus crassipes Handall, 183G *%
Pachycheles rudis Stimpson, 1859 (1860) **
Petrolithes cinctipes (Randall, 183Q) **
Varions species of Amphipeds *%

)
(more than §§fm )

Molluszes

Mopalia muscosa (Gould, 1846) *

Kathrina tunicata (Wood, ESE?}
Nuttalina californica (Reeve, E%%;E *
Tonicella lineata (Wood, 181%5) %*
Pholadidea penita (Conrad, 1837) **
Littorina planasxis Philippi, 1847 =¥
Littorina secutulata Gould, 1849 *¥
Acanthing spivata (Blainville, E%?Z} HH
Acmaea digitalis Hschechelie, 18373 %
Acmaeas mitra Hachscholtz, 183%3 *
Acmaea scabra (Gould, 1846) *x*

Echinodermata

Chlorophyta

Pisaster ochraceous (Brandt, 18%5) *¥
feop N o
Strongyviccentrotus afgur&tas {Stimpson; *¥

Marine Plants Plant Key (Summer only)

P

Cladophora spp. ** not common in samples

Intercmorpha spp. iinﬁaggs} FAK *%* common in samples
Ulva lactuca Linnasusg #¥¥
Ulva taeniata (Setchell{ Setchell and Gardner *

(
A

*¥% abundant in samples

Phaeophyta

Fgregia menziesii 5@arg%§} Arsschoug **
Fucus furcatus C.A. Agardh *¥
Laminaris ;§§ *

Nereocystis uetkeana (Me ?% ns) Postels and Ruprecht ¥
Pelvetia §%§{* iata (J.G. Agardh) *

Rhedophyta

8

ee

Bossea spp. **

Endocladia muricata (Postels and Ruprecht) J.G. Agardh %%
Gigartina ng i

Halosaccion glandiforme(Gmelin) Ruprecht »**

Iridea zpp. ¥

Porphyra perforata J.G. Agsyrdh *#¥%

3

ed Plant: Phylliospadiz sp. *¥

[

LIt



APPENDIX 2. Species List of Duxbury Opisthobran 1966 ~ %
S = % rave, iess than
by Terrance Gosliner, Bolinas Ma yiﬁe Station two

Order: Cephalospidesa N
£ ® i%¥oommon, over 5

Family: Diaphanidae 1. Diapbana californica Dall, 1919 ¥ s
¢ Micro sea slug
Order: Sacoglossa (about 1 cm)
Family: BStiligeridae 2, Hermaeina oliviae MacFarland, new species, 1966 *
Order: Notospidea
Family Pleurcbranchidae %3, Pleurobranchus californicus Dall, 1960 *
Order: Nudibranchia
Suborder: Doridacea
Family: Dorididae
Subfamily: Glossodorinae k. Cadliina flavomasculata MacFarland, 1905 **
5. £. luteomarginata MacFarland, 1905 *¥
6. C. modesta MacFarland, new species, 1066 *w
Subfamily: Thorunninae 7. Rostanga pulcra MacFarland, 1905 ***
Subfamily: Archiderdinae 8. Archidoris monterevensis {(&eg%re ES@Q} FAK
Subfamily: Discodoridinae 9. Anisodoris nobilis (MacFarland, 1905 ;
10, Disululs sandiegensis éé§ﬁ§e?§ 1862) %x*
11, Discodoris heathi MacFarland, 1905 **
Family: Neotoderidae 12, Aegires albopunctatus MacFarland, 1905
Family: Polyceridae 13. Laila cockerelli MacFarland, 1905 *%
Family: Triophidae 1k, Triopha carpenteri (Sterns, 1873) ***
15. T. maculata MacFarliand, 1905 #%%

Family: Onchideridae 16, Acanthodoris lutea MacFarland, ?gﬁé {winter *%%}%%
17. A. nanaimoensis Mackarland, 1926 (Summer¥¥#%) *¥
18. A. rhodoceras Cocker rell &?é Fliet, 1905

. Onchidoris hvstricina 5Qarsh ;é;S) KHHE

A

ineula pacifica MacFarland, 1905 % °
lonkinsia rosacea MacParland, 1905 *

e,
faurt
@

Family: Goniodoridae

[l i
ot

.

e o

Family: Dendrodorididae 22. Beﬁé?@%&fi% fulva (Cooper, 1863)
23%. Doris sp. *
Suborder: Dendronotacea
Family: Dendronotidae 24, Dendronotus albus MacFarland, new species 1966 %
25, . frondosus {Ascanius, E??%} s
Family: Dotonidae 96. Doto columbiana O'Donchue, 1927 (Marcus, 1961 j**x o
27. D. wara Marcus, 1961 x ©

Suborder:
Family:

Family: Anticpellidae

Suborder: FEolidaces
Family: Coryphellidae . Coryphella pricei MacFarland, 1966 *¥

. C. trilineata Ma Farland, 1966 %%

. Precuthona divae Aﬁaé&?zaﬁég 1966 *#
Cratena spadix MacFarland, 1966 * °
&@tfi}%& &E%% 18ta Va%ggviaaé 1066 #% ©
' , 1866 *x* o

d, %%éé *% 0

211\‘

Family: Fioenidae
Family: Cutonidae

LN W W WA T L
JONATE e B ke
r»

57

38. 1927 *x o

39. wxO
Family: Facelinidae G nis (Eschscholtz, 1831) ¥
w méEVfﬁe lididae B3, Linnaeus, 1761) %
Family: Spurillidae 52, Spurills ivi acF &?;a§§§ 1966 *




APPENDIX 3. [ish Species List of Duxbury Reef
by Dr
i
Smithsonian 'ﬁséiiaaz@
Washingten, D.C.

The following list is based primarily on the results of thirteen collect-
ing trips occurring intermitiently between May 1950 and Geotober 1951, Methods
of collecting included poisoning with rotenone, seine, dip net, pool drainage
and hook and line, Aif iough only thirteen @@}E\fzz@s were made. some subject-
ive idea of relative abun E&n@g &f the different species (especially those in
the higher tidepools) sceurr at Duxbury Heef obtained.

Three stars (* in iz@&é% the species was found to be very common and
may be expected on any trip to the reef, Two stars ( ¥} indicate the species
was usually obtained. One star (%) indicates the species was occcasionally tak-
en. No stars indicate the species was only rarely obtained. Scientific nomen-
clature follows Iubbe and Follett's "Manuscript List of the Fishes of California”
65 pp., an unpublished list issued Sepltember 5, 1953, Common names, with a few
exceptions, also follow Hubbs and Vollett's ligt. All identifications. includ-
ing those fishes collected by checked hy the author The names
on this list were substantiat of the California Academy of S¢i-
ences 1in San Francisceo ija@ v

Commoen name
Serranidae Bagss family
1. BReccus saxatilis {(Walbaum) - -~ = = = = = — - —~ — striped bass
Atherinidae Silversides family
2. Atherinops affinis (Ayres) -« = = = = — = —« =« - = topsmelt
{(taken in large numbers in February 1951)
Embiotecidae Perch family
3. Holconotus rhg iz ¥ = = = « —~ - « - redtall suriperch
k. Hyperprosopon ribbons) ¥ = - - — - « silver surfperch
5. Hyperprosopon ibbons) ¥ — - - ~ - - walleve surfperch
6. Eambiotoca jJac ¥ e = = = = = — — Dblack perch
7. Taeuiotoca la gassiz) ¥ ~ — — - ~ - — striped seaperch
8. Hypsurus caryi ) o e e = e e — -~ = - Painbow seaperch
9. Phanerodon 53 rard ¥ o~ =~ = =~ — - - « - yhite seaperch

i0. Damalichthy ard Y - =~ = = = « — - — — nile perch

11. Hhacochilus ﬁ asgiz ¥ =~ - ~ =~ = ~ ~ ~ vubberlip perch

12. Cymatogaster aggregat 1ibbo ~ = = = - — ~ sghiner perch

13. Amphigonopterus aurora {Jorda: Gilbert )} » — reef perch

14, Miecreometrus minimus {Gibbons) = = ~ = = = - dwarf perch

Hexagrammidae
17. Hexagrammos decagrammus (Pallas) *% - —« « « « <
18, Hexagrammos superciliosus {f:ié&g} EE e

Hockfish familvy
hlack rockfish
rockfish

Greenling family

greenling seatrout

1l

i

g

(=3

.



Ophiocdo

19,

Cottidae

20,
21,

22,
23,
2l
25‘&
26.
27.
28,
29,
31,
32,
33.

3k,

Gobieso

39.

idae

nt

Ophiodon elongatus

Girard

Scorpaenichthyvs marmoratus

Hemilepidotus spinosus {Ayres, -
Artedius harringtoni (Starks) - -~ -
Artedius notespiletus Girard * - -
Artedius fenestralis (Jordan and Gi
Artedius lateralis (Girard) ** - ~ -
O0ligocottus maculosus Girvard *% - -
Oligocottus rimensis (Greeley) - - -
(collector Dr., Daniel M. Cohen)
Oligocottus snvderi Greely #¥¢ o o
Clinocottus analis Girard ¥ - - -
Clinccottus globiceps (Girard) # -
Clinocottus acuticens {S;%%ef%} -
Ascelichthvs rhodorus Jordan and Gil
Enophrvs bison (Girard) #¥ - - - - -
Lepntocottus armatus armatus Girard

cidae

. P \
Gobiesex maecandricus (Girard)
16
Gibbonsia metzi Hubbs *% - -
hthyidae
Cebidichthys viclaceus {(Girard
id
Anoplarchus purpurescens
Xiphister mucosus %§@fa
Epigeichthys atrepurpureu
dae

lbert}

X

Lingcod

family

Sculpin

cabezon
reef Irish lord
scalyhead scul

bonvhead s
padded sgﬁéyiﬁ
smoothhead
Jjohnny sculpin
saddleback

M

chameleon sculpin
wooly sculpin

mosshead sculpin
' sculpin

¢ =culpin
staghorn

1 family

nsrthern clingfish

Klipfish family

weed ki

ipfish

Monkevface eelblenny

sculpin

family

Prickleback family
cockscomb

rock blenny

black pricklebhack
Gunnel family

saddleback gunnel

penpeint gunnel
rockweed gunnel
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APPENDIX L.
BOLINAS MARINE STATION

WCOLLEGE OF MARI

sroom and laboratory st is conducted at
College of Marin’s Boll Marine Station,
s marine laboratory is situated in the ocean-
community of Bolinas, California 22 miles
orth of San Francisco, and 30 miles from the
impus at Kentfield, The Marine
includes 2 marine laboratory

student stations.
sea water system supplies

udy
nas

3

ljoining the laboratory is a two story

with 2 marine library, research

fices, sleeping guarters and kitchen
field trips

1, MARINE LABGRATORY I, I
BURY REEF 3. BOLINAS MARINE
STATION AND LABORATORY

GROUP FISH STUDIBS 6. INDEB-
PENDENT STUDIES ON A BAE




