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A Zonation and Biomass Study of Intertidal Flora and Fauna in An Area of

Boiler Bay

This study was made on a rocky projection in a semi-protected area
of Boiler Bay located about 9 miles north of Depoe Bay on Highway 101,
Ihe topography of this area i‘s determined among other factors by the
geological nature of the substrate, consisting of sandstone, breccia
and basalt (Fig, 1). The study was conducted for the purpose of obser-
vation of zonation and vfamiliarization of flora and fauna invthe area,
Some environmental factors were also consziderad in raference to spacies
distripution and mussel biomass, Conclusions were derived bn -the
basis of data collected in the area .with the scope of this stﬁdy ngrrowed
consideribly by exclusion of several environmental factors not easily
determined,

Methods and materials:

For the zonation studies, three zones were chosen (Figure 1) -- one

with a southerly exposure (A), one with a northerly exposure (C) and one

5.
facing the wave aétion in a westerly direction (B). The lower and upper
limits of each zone were taken using a stadia rod and a hand level and

the width of each belt was measured with a tape measure, The percentage
cover was estimated for #ach species in each zone using a square frame
30 centimeters by 30 centimeters divided with string into 100 smaller
squares of equal size, Three obsgervations were made in the middle of

each belt and three at the lowesr and upper limits in the transition area

between belts for Zocne A, TFor Zone C two samples were taken in the



Figure 1: Geological and physical features of the study area and proximity

A, B, C: Mussel sample sites
ss : sandstone

bs : basalt

br : breccia

sub : sea urchin bed

—» : wave direction



middle of each beit only, No percent cover was cbserved for Zone B

only . the heights of the belts, Samples of gpecies not readily identifiable
were taken back to the lab for positive identification, The information
gathered by these methods was used to make Figures 4 and 5.

For the biomase study a sample 15 centimeters by 15 centimeters from
the musesel bed of each zone was taken back to the lab where quantitative
studies were made with the live animals, Wet weights were measured
with a balance scale for the total sample taken from =2ach zone and
again for a random sample of 10 from each zone along with the lengths and
widths of the ten measured with a caliper, Thiz infcrmation was used
in constructing Figure 6,

Pictures were drawn on site of Zones A and C (Figures Z and ) and
one of the general proximity showing geological and physical features
(Figure 1), No polar orientation could be accurately established due
to unavailability of a compass, |
Results:

Using the data shown in Figures and the dominant* zpecies f{or

each belt in Zones A and C weare found tc be asg ligted below:

Zone A: Belt Dominaht gpecies Other Dominants
-2,1 ft Phvlloczpodix scouleri
-2,1t0 2,3 Hedophyllum sesgsile Qdonthalia floccoza

Porphvra perforata

2,3 1to0 3.5 Endocladia muricata Boggizlia sp,
3.5t0 5.5 Mytilus californianus Palanus glandula

Balanus caricsisg

{found on Mytilus]



Figure 2 : Stylized representation of source of the patterns of zcnation in
' rocky shore of Boiler Bay. Zone A,

Balanus cariosus 4/?”‘
Barnacles Balanus glandula | ?ﬁﬁa Gigartina papillata
Chthamalus dalli 5S¢
Mytilus californianus Hedophyllum sessile

2 7
L‘?_‘?_] Pollicipes polymerus Z & Phyllospadix scouleri




FigureS : Stylized representation of source of the patterns of zonation in
roocky shore of Boiler Bay, Zone G

Balanus cariosus AN
Barnacles Balanus glandula
Chthamalus dalli

Endocladia muricata

« Ny Mytilus californianus | 'Y Y| Fucus distichus

? ﬁ:; Pollicipes polymerus
ar;

?«"é Odonthalia floccosa x A

Pelvetiopsis limitata

_[ Hedophyllum sessile

=z Pisaster ochraceusg



5.5 t0 8.0 Balanus glandula
v Balarius cariosis

GiQartina papillata

Zone C:
0Otol,7 | Iridaea linearis
1.7 to 3.5 Fucus distichus Ulva
3.5to 4.7 Cdonthalia floccosa
4,7 to 6.0 Mytilus californianus Balanus glandula
Balanus cariosis
6.0 to 8,0 Balanus glandula Endocladia muricata

Balanus cariosis

*Considered dominant if found in at least two of the percent cover samples

taken in the belt,

The weight and size of the mussel samples was found to be greatest

in Zone B and smallest in Zone A with Zone C being intermediate; the

total biomass corresponded respectively (Pigureé) ). The width of the mussel bed

in Zone B was the largest at 209 cm; Zone A the intermediate at 127 cm; and

Zone C the smallest at 57 cm,

Conclusion and Discussion:

Data from our zonation comparison of Zone A and C suggests that the twc -

areas differ in species composition, It is believed that these differences

are due in large part to @ number of environmental factors -- sun exposure,

wave exposure slope, substrate, competition, predaticn, grazing, etc.

In this study only sun exposure, wave exposure and slope could be con-

sidered due to time limitation with emphasis on wave exposure,

In Boiler Bay the communities correspond tc an exposed coast and the

study area was consider as semiprotected,

The terminolegy of protected

and exposed used in this study is only relative to the immediate area.
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The zones chosen within the study area show definite differences
in species distribution and composition (Figure 4 and 5 ), The major
differences appear to be due to the wave action, The species can be
arranged in categories of exposure tolerance,

Zones A-3 and C-3 correspond to what is classically called lower

mid-littoral zone, This zone is characterized by Mytil us californianus

and Pollicipes polymerus, The wider mussel bed in Zone A suggests

that this zone is more exposed than Zone C, as does the presence of

Gigartina and Porphyra which is typical of exposed area, On the otle r

hand, the presence of Fucus distichus as well as the axial frills on the

snail shells collected in Zone C are indicative of a protected condition,

The differences in abundance and diversity of species of algae

‘ and 30
between Zone A and C (Figure 5 and Appendix ) could be explainable
in terms of the sun exposure in addition to wave exposure since the
intensity and quality of light are indispensable factors for algal growth
and also the abundance of chitons found in Zone C would suggest a
more shaded environment,

Since wave splash is one of the main factors considered as determ-
inative in the presence and distribution of filier feeders such as mussels
and barnacles, it was considered important to make an estimation of

the biomass of the more consgpicucus group in our zcnation, namely

Mytilus californianus, results which appear in Figure © ., To complete

the whole idea it was considerad important to determine the changes in
gize of individuals according to different degree of wave exposurse

(Figure | 2 and 3 ).



Figure &
) Comvarative mussel size and biomass ¢f zones A-3, B-3 and C-3

Weight g
30 1
Zone Mean
-A-3 11,50 g ZQ"
B-3 31.84 g ‘ R
C-3 20.41 g 10 -
|
A-3 R-3 Cc-3
Length in _
Zone Mean 67
—
A-3 4.42 in 4
B-3 6,85 in
C-3 5.43 in o
2-4
) A--3 E-3 C-3
in
‘07 Width =
Zone Mean
A-3 2.06 in 2]
B-3 2,91 in
C-3 2,48 in
1 —
A-3 B-3 Cc-3
Biomass:
Zone Biomass (kg/sqg m)
A-3 52,52
B-3 51.81
C-3 49,60



The biomass of Mytilus californianus showed to be higher in Zone A

and lower in Zone C, This result was due to the waves exposure and
elope because while in Zone A the ‘slope is less steeper t‘han in Zone C
the waves exposure is higher in Zone A, Since Mytilus requires wave
wash (splash and submérgence) for feeding, it is understandable that"
the succesful settling in places where the wave action is stronger

and where the slope permits a slocw drainage as in Zone A, The analysis
of average weight, length and width of the random samples (Figure 6)
shows consistently higher values in Zone B where the wave splash

is directly bringing the Mytilus the necessary food.

/e



Appendix I - List of animal species in study area and proximitv

i

Phylum Cnidaria
Class Anthozoa

Order Actiniaria:

-Phylum Arthropoda
Class Crustacea
Subclass Cirripedia

Order Thorasica:

Anthopleura xanthogrammica (Brandt)

Tealia crassicornis (Muller)

Balanus (Balanus) glandula (Darwin)

Balanus (Semibalanus) cariosis (Pallas)

Chthamalus dalli (Pilsbry)

Pollicipes polymerus (Sowerby)

Order Isopoda: Idotea (Pentidotea) wosnesenskii {Brandt)

Order Decapoda:

Pugettia producta (Randall)

Pagurus hirsutiusculus (Dana)

Petrolisthes sp,

Phylum Mollusca
Class Polyplacophora

Family Acanthochitonidae

Cryptochiton stelleri (Middendorff)

Family Ischnocchitonidae

Tonicella lineata (Wood)

Family Mopaliidae

Katherina tunicata (Wood)




1

Appendix I (cont)
élass Gastropodé
Order Archaeogastropoda
Family Acmaeidae

Collisella digitalis (Rathke)

Collisella pelta (Rathke)

Family Thaididae

Nucella canaliculata (Duclos)

Nucella emarginata (Deshayes)

Nucelia lamellosa (Gmeliu)

Family Littorinidae

Littorina scutulata (Gould)

Subclass Opisthobranchia
Order Nudibranchia

Archidoris montereyensis (Cooper)

Diaulula sandiegensis (Cooper)

Class Bivalvia
Order Mytiloidea

Mytilus californianus (Conrad)

Phylum Echinodermata
Class Asteroidea
Order Fercipulata

Pisaster ochraceus (Brandt)

Pycnopodia helianthoides (Brandt)

/E



Appendix I (cont)
Class Holothuroidea
Order Dendrochirotida

Cucumaria piperata (Stimpson)

Eupentacta quinguesemita (Selenka)

Class Echinoidea
Order Regularia

Strengylocentrotus purpuratus (Stimpson)

Strengylocentrotus franciscanus {(Agassiz)




-

Appendix II - Descriptive characteristics of animal species

Anthopleura xanthogrammica

Tentacles and disc uniformally colored {(green); disc without conspicuous
radial lines,

Tealia crassicornis

Column red and without tubercles; morethan 24 tentacles, without
acentla,

" ‘Balanus cariosis

Tergum with beak; rosirum overlapping adjacent plates,

Balanus glandula

Scutum with pit on either side at adducter ridge; tergum without beak,

Chthamalus dalli

Restrum overlapped by adjacent plates; scutum with lone, strong
adducter ridge, with lateral depressor muscle crests,

Pollicipes polymerus

Stalked form; capltular plates more than & in number, bhasally sur-
rounded by whorl of imbricated plates,

Idotea wosnesenskii

14)]

Eyes reniform; maxillipedal palp with § articles; maxiliiped with 1
coupling hook,

Carapace longer than broad; rostrum bifid; promirent posterolaieral
projectlons; surface cof carapace smooth,

Pagurus hirsutiusculus

Body dark orange-brown; rostrum triangular, acute; antennae not red;
right cheliped larger than left,

Petrolisthes sp,

1

Body and chelae flaitened; carpus of chieliveds longer than broad,



Appendix II (cont)

Cryptochiton stelleri

Valves completely covered by a thick, brick-red or brown-red girdle,

Katherina tunicata

Valves exposed, only small portion of valve exposed,

Tonicella lineata

Most of valve area exposed; patiern of red and white wavy linesg,

Collisella digitalis

Anterior slope generally concave, posterior convex; shell sculptured;
no internal deck; ribs strongest on posterior slope,

Collisella pelia

Similar to C. digitalis except anterior slope not concave; apex subcentral;
smoother; and ribs equally developed on all sides,

Nucella canaliculata

Shell with smooth, often closely set, spiral ridges; interspaces with
minute axial scales; somewhat elongate, narrow unbilical chink,

Nucella emarginata

Shell with irregularly nodulose, often well separated, spiral cords;
columalla excavated; anterior canal short; umbilicus closed,

Nucella lamellcsa

.

Sculpture various; nearly smooth, or with prominent axial lamellas  ©
with spiral cords and weaker, irregular, axial swellings; anterior canal
moderately long; unbilicus small, sometimes closed,

Littorina scutulata

Shell conical; columells thin; aperture without white band (external color
bands may show through shell); color pattern more or less dotted ,

Archidoris monterevensis

Rhinophores not in form of a longitudinally rolled plate: oral tentacles



Appendix 11 (cont)

usually present; blackish pigment in blotches on both dorsum and
tubercles; 7 branchial plum\_ , yellowish; ground color light yellow;

25 mm,

Diaulula sandiegensis

Rhinophores not in form of a longitudinally rolled olate; oral tentacles
usually present ; dorsum has velvet appearance; dorsum with a few
brown to black markings; generally asconspicuous rings; ground color
whitish yellow to very pale brown,

Mytilus californianus

Shell brown cr black, cvlindrical or tapering anteriorly; antericr end
open, lacking inte rnal ptum; anterior adcductor gcar situated more

anteriorly,

Pisaster ochraceus

Normally 5 arms; arm Spin*&
gpines on lateral and

reticulated pattern o© :
color purple, red, brown or ochrez y»llow

Pycnopodia helianthoides=s

Fifteen to twenty-four or more limp ble arms, with zoft flesh

i
covering; color in life pink to purple,

Cumaria piperata

Tube fe=t not confined to venter; body color white or cream with smail

brown spots, which may be widespread or restricted to tentacuiar crowii,

Eupentacta guinguessmita
Tube feet not confined to venter; body color white | without soots; tube
feat ric 'd snd nonretractile glvim, amrna'ﬁ. # bristly appearence; lony

i
bI'ai"CL 1ed yellow tentacles,

Purple sea urchin; spinzs uniformly rich purple | body iz dark reddizh

purple

¢4



Appendix II {cont)

! Strongylocentrotus franciscanus

Red ge2 urchin; spines long and range from pale, nearly white, to a
dark nearly black, reddish or marocn,



Gigartina papillata

forme

i

Halosaccion gland

Endocladia muricata
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. Appendix III - Plant species found in study area and proximity

Phylum Chlorophyta

Cladophora hemisphaerica (Gardner)

Prasiola meridionatis (Setchell and Gardner)

Ulva sp.
Fhylum Phaeophyta

Fucus distichus L, (Linnaeus) Hedopiwyllum gessile

Pelvetiopsis limitata (Gardnar)

Phylum Rhodophyta

Botryoglossum farlowianum (J, Agardh)

Iridaea cornucopiae (Postels and Ruprecht)

Halosaccion glandiforme (Gmelin)

Odonthalia floccosa (Esper)

Endocladia muricata (Postels and Ruprecht)

Bossiella sp. (Silva)

Gigartina panillata (C, Agardh)

Porphyra perforata (J. Agardh)

Halymeni.a sp,

K



Appendix IV:i- Measurements of random sample taken from each zone mussel Led

Zone A-3: No, Length  Width Weight
1 4.79 in 2,14 in
2 4,81 2,08
3 4,30 2,12
4 7,09 2,70
5 4,20 2,01
6 4.46 2,18
7 4,40 2,12
8 3,39 1,71
9 3,77 1,92
10 2,88 1,59
Total 44 18 in 20,57 in 115,0 g
1
Mean 4.421in 2,06 in 11,59
Zone B-3: No, Length Width Weight )
1 7.35 3.04
2 7,51 3.09
3 6,92 2,91
4 5.47 2,45
5 7.32 2,74
6 5.85 2.57
7 8,62 3,51
8 7,98 3,37
9 5,81 2,49
10 5.65 2.48
Total 68,48 in 29,05 in 318.,4 g
Mean 6,85 in 2,91 in 31,84 g
Zone C-3: No, Length ‘Width ‘We‘ig"ht
1 6,70 3,02
2 6,28 2,84
3 6,53 2.91
4 5,42 2.60
5.. 5,96 2 .49
6 5.65 2,13
7 5.46 2.48
8 4,89 2,49
9 4.10 1,91
10 3,79 1,94
Total 54,28 in 24.81 in 204.1 g

Mean 5,43 in 2,48 in 20,4l g
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