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SUBJECT : Transmittal of Technical Report D—77—27

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
a study undertaken as Work Unit 1010 of Task lD, Eff ects of Dredging and
Disposal on Aquatic Organisms, of the Corps of Engineers’ Dredged
Material Research Program (DMRP). Task 10 is a part of the Environ-
mental Impacts and Criteria Development Project (EICDP), which has the
general objective of determining on a regional basis the direct and
indirect effects on aquatic organisms due to dredging and disposal
operations. The study reported herein was part of a series of research
contracts developed to achieve the EICDP general objective.

2. The objective of this work was to define and evaluate the patterns
of benthic community development in sandy bottom marine communities and
the mechanisms that control them. These patterns of community succession
are discussed in relation to the ecological impacts of dredged material
disposal. The study was a large—scale controlled field experiment, with
barge loads of sedimentologically defined dredged material deposited at
precisely the time and place desired for study. The disposal sites were
sampled prior to, immediately after, and periodically f or several years
after disposal. The species and number of individuals present were
recorded and species diversity indices were calculated at each sampling
time.

3. It was found that the general pattern of community development
following a perturbation, here referred to as community recovery or
succession, was highly dependent upon the nature of the physical envi-
ronment and the structure of surrounding communities. Succession was
divided into an early and a late phase. The early phase was charac-
terized by the immigration of crustaceans and the settlement of the
larvae of relatively opportunistic species of polychaetes. The latter
have relatively short generation times, small size, low fecundity, and
high larval availability (frequency and abundance of larvae in the
water). These opportunists were unconmion in the natural, undisturbed
bottom community. The later phase of succession was characterized by
the gradual re—establishment of the less mobile crustaceans and less
opportunistic polychaetes that inhabited the areas prior to the experi-
mental disturbances. The opportunistic or early polychaete colonists
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were, in general, the same species at both the dredged material and
disposal sites, but the polychaetes that characterized the later phase
of succession , and crustacean and mollusk colonists when present, were
dependent upon the composition of the adjacent undisturbed bottom
communities.

4. Temporal and spatial variations in the near—offshore fauna were
strongly influenced by wave—induced substrate motion. There is a uni-
directional gradient in environmental variability related to increasing
substrate motion along a shoaling bottom. Shallow areas are physically
more variable and disruptive and the community is also more variable
there. Since many of these species are adapted to a high level of
natural disturbance, they were also characteristic of the early phase of
recovery following the experimental disturbances. In general, the
zonation of animals along this depth—dependent gradient of natural
substrate instability was similar to the sequence of succession observed
at the experimental disturbance sites. A positive relationship was
determined between community resilience (rate of recovery or succession)
and environmental and community variability. Communities inhabiting
naturally highly variable and frequently disrupted physical environments
(e.g., shallow water in offshore areas and the variable salinity back
harbor) rebounded or recovered more quickly from the experimental
disturbances (dredging and disposal) than those found in less variable
and more benign conditions (e.g., deeper water offshore and outer harbor
areas bathed by more marine water). Community resilience was correspond-
ingly lower in the more complex communities of deeper water.

5. It was concluded that the management of benthic marine resources and
dredging operations should involve an analysis of the natural disturbance
regime at the potential dredging or disposal site and its relation to
the associated bottom communities. For example, one disposal scheme
might be to utilize natural sedimentary cycles where sediments are
reworked by waves or currents and bottom communities are thus adapted
to relatively high levels of natural disturbance.

6. The information and data published in this report are contributions
to the further understanding of the complex nature of sediment water and
biological interaction that govern the ecological recovery of aquatic
dredged material deposits and establish a baseline from which to develop
meaningful evaluations for the selection of an environmentally compatible
disposal alternative. It is expected that the methodology employed in



-

WE SYV 30 November 1977
SUBJECT: Transmittal of Technical Report 0—77—27

this study and the resulting interpretation of the biological inter-
actions will be of significant value to those persons concerned with cE
dredged material permit programs .

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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Miles (U.S. nautica l ) 1852 Metres

Fathoms I .8288 Metres

Cubic yards 0.7645549 Cubic Metres

Gal Ions (U.S. l i q u i d ) 0.003785412 Cubic Metres

9
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CHAPTER ONE

GENERA L INTRODUCTION

Man ’s a c t i v i t i e s  have caused numerous local changes In estuarlne and

mar ine  coasta l environments . Among these, dredging to maIntain harbor and

ship channels and the disposa l of dredged material disrup t marine bottom

communities . Most field studies designed to determine the effects of dredg-

ing operations have been qualitat i ve or quantitat i ve descriptive surveys.

The onl y significant generalization that seems to have emerged from this

work is that benthic recovery from a particular disturbance occurs within

one to three years. Collecting large amounts of descriptive data and sub-

jecting these to the most sophisticated mathematica l analyses has not been

a productive method for eva l uating ~~~~ “effect.” This is the result of

at least two facts; it is difficult to generalize from a purely descriptive

study in one l ocale to another, and descriptive data ~~~
se are rarely ex-

planatory. Without an understanding of what causes and maintains communIty

boundaries , patches and gradients , reasonable predictions of the effect of

a huma n activity like dredged material disposa l cannot be made .

The authors do not mean to imply that descriptive data are worthless. On

i-he contrary , they are essential in identifying patterns. However, ~ey con-

tribute little to the understanding of patterns and , therefor3, to the con-

structi on of a predictive model , Such a mode l Is probably mathematically

intractable because most of the important biolog i ca l factors are undoubtedly

non—linear and dependent on many parameters whic h cannot be accurate l y esti-

mated , But such a conceptua l model can be deve l oped from a reductionistic

10



approach to community ecology .

• This study emp l oys a hypothetico—deductive method which is rarely used

or considered appropriate In situations that demand (sometimes by law) mon i-

tor i ng or determining the effect of man ’s activities on biologica l communi-

ties. Specific hypotheses are generated from previous descriptive work and

are tested experimentall y. This approach wil l  lead much more quickly to a

realistic exp l anatory understanding of communities. The leve l of this under-

standing will determine the abilit y to make meaningful predictions concerning

the effect of man.

Realizing the limitations of a purely descriptive approach , the main ob—

• jective of this study is to elucIdate and eva l uate the mechan i sms controlling

benthic recovery following dredging and disposa l of dredged material. In

this report, recovery f rom disturbance is cal led succession . The resu l ts of

previous work qnabled the deve l opment and eva l uation of several hypotheses

concerning these controlling factors and the re l ation between succession and

natura l perturbations of these communities . In particular , the importance of

dispersa l or mobility of various life cycle stages, larva l substrate sel ec-

tivity , anima l interactions and the life history patterns of potential colo-

nists as ecologica l factors controlling succession were examined. Severa l

larger scale field experiments were also performed to document the tempora l

consistency of observed recovery patterns: to determine the relationship be~-

-tween community resilience , community complexity and physical environmenta l

stress; and to examine the variations in succession along experimenta l dis-

turbance grad ients. Bottom samp i ing also continued along a permanent tran—

sect in Monterey Bay (Fi gures I and 2) establIshed in 1971 to document the
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extent of the natura l variations in benthic community structure and their

relation to natura l disturbances .

It is well known that natura l disturbance can be extreme l y important

In establishing and maintaining biol ogica l communities . Periodic floods

and va r i a t ions  in water t ab le  l evels have a profound effect on the structure

of certain terrestrial communities (Vog I , 1 969). Others depend upon fire

disturbances to remove un derstory deb r i s , to comp l ete the life cycle of par-

ticular members and to prevent species monopol ies or spec i es replacements

(yog I , 1 969; Dryness, 1 973). Biolog i ca l as wel l as physica l disturbances

are known to be important in maintaining the structure of marine rocky

i ntertida l communities (e.g., Paine , 1966, 1 974; Connel l  , $ 972; Dayton ,

1971) and probably play a similar role in some marine soft—bottom commun i-

ties. Wave—induced substrate motion , i ongshore and r i p  currents , sediment

slump i ng and movements in and around submarine canyons , turbidity currents ,

freshwater aquifer seeps (Hartman , 1 963), heavy sed i mentation and scour

from r ivers , low oxygen tensions In stagnant basins and during red tides

(Dauer and Simon , 1 976), unusua l temperature fluctuations (Dahlberg and

Smith , 1 970) and the feeding activities of many marine animals can all dis-

rup t soft—bottom communities (Fager , 1 964).

Unfortunate l y ,  very little is known about the role of natura l pertur—

bations In creating patches, maintaining abundance patterns and controlling

comp l ex commun i ty structure. Nevertheless, there has been specu l ation about,

and some data supporting, a relationship between natura l disturbances , suc-

cession (i.e., recovery from disturbance ) and variation s in cociwnunity struc—

14
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ture (e.g., Johnson , 1 970; Sutherland , 1974; Horn, 1 975; Grassle and

Grassle, 1974). The genera l hypothesis i s  that a community is a collec-

tion of patches which have different disturbance histories and , therefore,

are in different states of succession . In other words, a comun ity is

envisioned as a mosaic of loca l successiona l states that are out of phase.

If this hypothesis is true, then the descr ipt ion of benthic  successiona l

patterns w i l l  be h e l p ful in explaining variations in benthic commun i ty

structure. Moreover, the factors that contro l these patterns probably

contribute significantly to the ma i ntenance of these communities . Regard-

less of the validity of the hypothesis , marine bottom communities are often

perturbed and subsequently recover in nature.

Little is known about the effect of natura l disturbances on the bottom

communities In the study area. There is a distinct unid i rectiona l gradient

in substrate motion (i.e., disturbance ) related to increasing wave activity

along a shoaling bottom. The zonation of the fauna along this gradient has

been described (Oliver et al ., M.S.), and it  has been demonstrated that the

pattern is primarily contro l led by substrate stabi lity (O l i v e r  and Slat tery,

M.S.). In this report, an attempt is made to relate some of the natura l

variat i ons in  comun i ty structure to, among other factors , seasona l varia-

tions in wave activity (Chapter 2). Unfortunately, this is bas ica l l y a l l

that is known about the poss i b l e  role of natura l d i s turbance  in  ma i n t a i n i n g

the structure of loca l communties. Most of this report concerns the descrip—

tion of benthic successiona l patterns and the elucidation and eva l uation of

factors that control these patterns (Chapters 3, 4 and 5). At the end of

t h i s  report , the genera l descriptive and experimenta l results are discussed

and a conceptua l ecolog ica l mode l is  proposed that beg ins to I ncorporate the

15
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nature of marine bottom communities into a management process. It should

be emphas ized that the report and the mode l introduced are only pre l imi—

nary contribut i ons to that process. The primary objective is to Increase

the understan ding of benthic succession : a phenomenon that must be under-

stood to manage the disturbance act i v i t i e s  of our c i v i l i z a t i on and i nsure

that future generations inherit a healthy environment.
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CHAPTER TWO

NATURA L VARIATIONS IN BENTHIC COMMUNITY STRUCTURE

L ittle is known about the natura l tempora l variations in benthic com-

mun ity structure and especially about their relat i on to natura l disturbances.

S a m p l i n g  of the benth ic  i n f a u n a  was conducted a long  a transect to document

tempora l and spatial variations in community structure. An attempt is made

to re l ate these var ia t i ons , i n a very q u a l i t a t i v e  manner , to substrate dis-

turbance cause d by wave a c t i v i t y and to compare the ampl i tu de of natura l

variat i ons along the depth gradient -to the changes caused by experimenta l

dredged material disposal. The depth zonation of the benthos is primaril y

determ i ned by wave—induced substrate moti on (Oliver et al., M.S.), and i t  is

argue d here t hat perio d ic tempora l v a r i a t i o n s  i n  wave a c t i v i t y  a lso  have a

distinct effect on the community.

Methods

Benthic infauna l cores (area = 0.018 in
2

; hei ght = 15 cm) were take n

along a transect from J une 197 1 to Apri l 1975 (‘Me stations, Figure 2) and

per iodically along a similar transect at the head of the Monterey Submarine

Canyon (P stat i on , Figure 2). Usually , a tota l of ei ght rep l i cate cores was

taken from each station (depth) at each sampling i nterval. Cores were washed

over a 0.5—rn—square mesh , f i xed in 10% forma lin and sorted to 70% ethanol.

At lea’ t one smaller core was also taken for measuring the physica l proper—

ties of the sed i ment. Median grain diameter , sort ing c o e f f i c i ent (Folk  and

Ward , 1 957) and percent sand and silt/clay were estimated from a mo dified

Emery tube anal ysis (Emery, 1938). Percent by weight of organic carbon in the

sediment was measured with a Leco Carbon Analyzer after acid treatment to re—

17

______

______ - 
~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~ --•-___“•-_- - - •_ _ - —_  _: . _ _ ~-~T~1



- __________

move i norganic carbon residues. The Appendix contains a discussion of

the methods used to obtain many ancillary data.

Environmenta l Se t t in g

The most distinct bathymetric feature of Monterey Bay is the large

Monterey Submarine Canyon which heads at Moss Land ing (Fi gures I and 2).

Temperature (Fi gure 3), r iver  runof f  (F i g ure 4) and the i n f l u x  of organic

carbon (Figure 5) all exhibited marked seasonal patterns. In regard to

temperature and river runoff , the short—term variations (i.e., severa l days)

were often nearly as great as that dur ing the entire year.

The seasona l trend in average wind speed reflects the re l at i vely

strong and consistent w i n d s  that b low d u r i n g  the s p r i n g  u p w e l l i n g  period ,

but the average va l ues are not indicat ive of the magnitude of bottom dis-

turbance caused by wave activity. The most important bottom disturbances

are assoc i ated with the few, re l ative l y i ntense periods of rough seas (per-

sona l observation). Southern winds are often related to the largest loca l

storms and are more frequent during the winter. This seasonal pattern of

winter roughness was more ev i dent by considering the number of days during

the month that the average d a i l y  w i n d  speed was greater than 5 cm/sec. (Fig-

ure 6).

Wave gauge data from northern Monterey Bay also showed a marked in—

crease in wave hei ght during the winter. These wave data , the strongest

southerly winds and extensive observations by the authors of the seasona l

trends in sea state and bottom disturbance by waves al l  ind i cate that the

period of most intense wave disturbance of the bottom is during the winter.

18

- ~~~~~~ • -~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :_



,~~~~

- -
~~~~~~~~~~~~~

• -—-- • •-—•-_ -
~~~~~

- _  
_ _

.- -~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Lt)
I.-
0’.

• ~~~ —

• _ -,

a..

• — ‘—a
a,
5-
4’C., ~~N. 5..

a.. O).- a.
E
4,

—•-,

4,

C.’, >~.N.
a.. .~~~‘- 4’

Co
E
U

.~~~ D
S..
U
>

• 5.,,

R C ~

— 
I I I I I I

0
C.’,

(3 d) a~n~~.~adwa~

19

~~, .__
~
__ . •  ~~~~~~~~~~~~~~~ - -~~ --



1 1 I I S I I I I I

If..
N

~~~~~

4;

C

1.. - ,— a,
I I..

t. I
I i i I I I I I I LI..

0 0 0 0
0 It; —

(3as /~w ) MOLE

20

~

•-  - : —
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~- •  -----_ -- - - - -.--~ 

-
~~~~~~~~~~~~~~~

- -



- _ •
~~~~

‘•
~~~

_
~
__ ‘ - • • ,_ --• • • •— -_-_,‘•-_.--— • _-_- -•- —.-~---.•~—.---~~~~ -----_ - _ • -  _- •- -—-._----- -_ ------~~~— —

I I I I ID

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-w
U, E - c 1’
N. 0~~— C

ID
- .-

- . .
* 0~’

-

ID (s)
—LLI

>)~~~ Z‘a~~~ ~~
.

~~~V) N. CJ) E~~~* 0  a.. c c ’
,—

— 4-- >~-LIJ -4- O lD

ID
U) I D OD

-c
— L

I D Q )
L. I D O I D

o c o o
— CI) ID

— E 0
— I O L
0 — — I D
U 0. -I--

-
~~ (I) ‘4-

C I D L I D
oc  ID
-o 0 o L
L • — C G)
ID -I- b .c
0 .— 4—

C.~) ( f l O
N. U O I D U)
a.. — a.~I- >-
.— C 0 ( 0

(0 —’ ID -
~~D ) E —

L U —
1.1.1 0 0—

>..~~~ 0 0
— b._C >-
(0 I D L( 0  • 4-- . L a ,

~~ o - 4 - I D >
>< I — c ~~~~~IDu•J -

— U-C
(‘-4 Cl)

~~~ N. La.. ~— 0)
I I

d c; 0

(6) eqn4/uoqJ~3 ~ !u~6Jo

21

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I I I

In 5..

s~c~p ~o ~iaqwnu

22 

~~~~~~ • : • . ... :1 
--_•_--------— - • _ _  •



--~~~- - - -~~~~-_ _ -_  - _ •  — -_ - - - -_  -

Tempora l Variations in the Fauna

Tempora l variations in the benthic fauna can be divided into four main

categories which more or less overlap . Short—term variations concern peri-

odic mi grations of animals that result in detectable changes in abundance

patterns. Seasonal variations are of two kinds. There are changes re-

lated to seasonal breed i ng cycles and changes related to seasona l varia-

tions in the environment. Obviously, these two categor i es can potentially

overlap completely. Finally, there are longer term changes that are not

seasona l in nature and occur sporad ically.

I. Short—Terrn Variations

The most dramatic short—term variation in  abundance was that asso-

ciated with the movement of the sand dollar , Dendraster excentricus. During

roug h seas, the entire sand dollar bed mi grated offshore and covered M— I ,

and d u r i n g  ca l mer seas , it moved inshore from this station . Severa l species

of amphipod s probably exhibited a similar behavior. Eohaustorius sencillus

was most abundant at M—2 (9 m), and E. sawyeri was most abundant shallower

(persona l data) than the shallowest station (M— l , 6 in ) ;  however , the distri-

bution of both species overlapped at M— I. The changes in their relative abun-

dance at M— l were comp l ementary (Figure 7). This suggests that both species

made seaward and shoreward migrat i ons in concert. Th is relation is further il-

lustrated by the density changes of E. sencillus at both N— I and M—2 (Fi gure

6), where abundances were roughly inversely related. The abundance of ~~~i~~—

phoxus obtusidens showed a similar trend at these stations. There were no

direct measurements of wave activity that allow a quantitative correla-

tion between the movements of these crustaceans and bottom disturbances. How—

23
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ever, persona l observations and numerous measurements of sand dollar

migrations in response to variations in swell suggest that the crustaceans

are probably moving for the same reasons.

Two po l ychaetes, Displo uncinata and Nephtys californiensis , also

made act i ve or pass ive migrations related to sed i ment movement. Dispio

uncinata lives in shallow subtida l areas near the surf zone (N—I ) , while N.

californiensis Is common only intertidally. Both spec ies were period i cally

swept i nto the deeper areas of the Monterey Submarine Canyon Head when down-

canyon sediment movement was intense. (Changes in sediment movement and

topography were monitored for severa l years.)

These short—term tempora l var iations were most evident for species

liv ing in quite shallow water and in relative l y d i stinct , narrow zones.

These shallow areas are period i cally disturbed by large swel l  d u r i n g  a l l

seasons, even though the winter months are generally the roughest. Conse—

quentl y, a dist i nct seasona l ity was not as evident there as in deeper areas.

2. Seasona l Variations

Seasonal variations in the fauna were due to seasona l changes in the

environment as well as seasona l breed i ng cyc l es. Variations due to environ-

menta l fluctuations were most obvious at N—I (6 m) and M-2 (9 m), where sea-

sona l storm activity was most i ntense. The basic pattern for all species

was a low abundance during the winter and an increase during calmer port ions

of the year. The pattern was best represented by the N—I polychaetes which

did not ma intain permanent populations at this station (Figure 9). The pat—

tern was basically the same at M—2. The abundances of the po l ychaete Priono—
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pygmaea (Fi gure 10) and the amphipod Synchel idium spp. (Fi gure II )

were particularly illustrative since neither of these species have a dis-

tinct seasona l breed i ng cycle. Synche lidium is highly mobile (Table I)

and probably migrates  in  and out of s h a l l o w  water in  respo nse to changes

in wave activity. However, i t is impro ba b l e  t hat the po l ychaetes t hat

settle in shallow water are capable of sign ificant migrations. Most of

these forms are tube or burrow dwellers. Therefore, their abundance pat-

terns were probably re l ated to periodic larva l recru i tment and hi gh post—

larva l mortality. These animals live in deeper water and in broader zones

than the species discussed in regard to short—term variations.

The second type of seasona l variation was directly related to

seasona l breed i ng cyc l es of the a n i m a l s  but was not r e a d i l y  separable

from the variations associated with coincident environmenta l changes.

Para phoxus epistomus showed an increase in reproduct ive act iv i ty during the

calm spring months (Figure 12) that resulted in peak density in the spring

and early summer. The po l ychaete, Magelona sacculata, also had a d ist i nct

seasona l breed i ng cycle (Fi gures 13 and 14), and its pattern of settl ement

was similar at all depths (Fi gures 15 , 16 and 17). At the sha t l owest sta-

tion CM— I ), M. sacculata settl ement was followed by comp l ete winter morta l-

ity (Figure 15). Thus, its occurrence there was obviously related to both

kinds of seasona l changes (i.e., breeding and environmental ). Variations

in the tota l number of individuals at M—4 (18 m) were dominated by the

po lychaetes an d the l atter was p r i m a r i l y  i n f l u e n c e d  by the f l u c t u a t i o n s

of N. sacculata (Fi gures 17 and $8).

Fluctuations in the density of molluscs and crustaceans at M—4 
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were not markedly seasona l (Figures 19 and 20). The crustaceans had more

dist i nct trends in seasona l abundance at the shallower stations (M— I and

M—2 , Fi gure 8), and many of these same spec i es also had disti nct seasona l

trends in breed i ng activity (Figure 12).

Larva l jars were used to pass i ve l y collect the post—larva l stages

of bottom forms as they settl ed from the water co l umn . (See Appendix for

methods discussion. ) All of the animals that had dist i nct seasona l settle-

ment in the larva l jars are known to have a seasona l breeding cycle : e.g.,

Mage l ona sacculata, Fi gure 13; Phoronids (Rattenbury , 1953); Armandia brevis

(Hermans , 1 966). Some spec i es did not settle i nto the larva l jars in si gnif I—

cant numbers but did exhibit seasona l settl ement on the bottom that could

not be related to environmenta l changes (Figure 21). Still other species

that settl ed i nto the larva l jars did not show a seasona l recruitment pat-

tern. The abundance of Prionospio pygmaea in both the larva l jars and on

the bottom at M—4 (Fi gures 22 and 23) is an example. By comparing the tem-

pora l abundance patterns of P. p~iqmaea, a non—seasona l breeder, and N. sac—

cu l ata, a seasona l breeder, at N— I and M—4 (Fi gures 10, 22, 15 and 17), the

difference between the two patterns of seasona l settlement is clear (i.e.,

seasona l environmenta l vs. breeding ). Seasona l changes in the environment

are most important in shallower water.

3. Long—Term Variations

Since  the i n i t i a t i o n  of s a m p l i n g  in  197 1 , at least one event which

clearly fits the category of long—term variat i on in the fauna has been ob—

served. The terebe llid po l ychaete, Amaeana occidenta l is, was not present
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at any station along the depth transect until It suddenly appeared in

March 1 972 and has since been a common member of the assemb l age (Figure 24).

As a large anima l , A. occ identa l is had a significant effect on the infaunal

biomass , even t hough i t was present on l y  in  re l at i v e l y  lo w nu mbers .

4. Analysis of Variance Applications

The Krusk al l—Wa l l ace non—parametric analysis of variance (ANOVA ) was

used both to test spec if ic hypot heses and to generate a test statist i c w h ich

was treated as a parameter. In Table 2, the rank order of abundance of the

seventeen most abundant species at M—4 is compared to the rank order of

species by ANOVA test statistic. The ANOVA was used to test the hypothesis

that there was no s i gn i f icant d i f fe re nce in the abundance of a spec i es among

the sampling dates (from 197 1 to 975). Al l  of the tabled va l ues are sig-

n ificant at the 5% l evel. They are presented to indicate which populations

were most var iable over time (i.e., had a h ig her test stat i st i c ) and how

that variab ility re l ates to the animal ’ s abundance . The table shows that the

t hree b i va l ve species a nd t he seasona l b reeders , Ma qe l ona  saccula ta  a nd t he

anthozoans , Edwards ia spp., were quite variable in abundance over time . All

b i va l ve species sett l ed per i od i c a l l y  a nd exper i ence d very h i gh early mortal—

ity. Therefore, the ir numbers were quite var iable. Seasonal breeders,

especially M. sacculata, had seasona l recru i tment of young t hat accounted fo r

much of the tempora l variation in population size. Other highly variable

animals were patchy in time but not in re l ation to any part i cular season

(e.g., Euphi lomedes carcharodonta and P. pygmaea ).

The difference in abundance patterns of animals with seasonal and 
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relatively aseasona l breeding cycles is further illustrated in Table 3.

Abundances during winter (December , Jan uary , Feb ruary ), spring (March ,

April , May) and summer (June , Ju l y, August ) were treated separate I~’ in this

ANOVA. The null hypothesis was that there was no significant difference in

a spec ies abundance within any one of the three periods of the year. An i-

mals that had a known seasona l breeding cycle showed an increase in varia-

t i on dur ing  t he bree di ng set t lement . As discussed ear l i er , there were a lso

seasonal changes in abundance which were not related to the breeding cycles

of .the ani mals. Seasonal variations in bottom disturbance by wave activity

probably caused some seasonal changes in anima l density. This disturbance

was less severe in deeper water but probably still important. Although

there were two types of seasonal changes , the abundance of some species

st il l  did not change much over time (Table 3).

The va ri at i on i n crustacean dens i ty decreased w i th in creas i ng

depth (Table 4). The same trend was interrupted in the polychaetes by the

hi gh seasonal var iation in abundance a-I- M— 4 of the numerica l dominant , ~~~~~~~~

lona sacculata. Mol luscan settl ement was always quite variable , but settle-

ment i nc reased w i t h i ncreas ing  depth and , thus , so did the tota l variation in

density (Table 4). The tota l density of all species and individuals at the

shal lowest station (M—l ) was generally more variable than at the next deeper

station (M—2). Both of these stations were within the shallow water crus-

tacean zone and had similar species composition . Variat i on in the Shannon—

Weaver d iversity index reflected the increase in density and , hence , domi—

nance and its variation with increasing depth (Table 4).

A l l  of the ANOVA resul ts  support and comp l ement the previous dis-

cuss i on concern i ng t he three or four majo r k inds of tempora l var i at i ons in
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the an i m i l assemblages along the depth transect. Season a l an d aseason al

short—tern mi gr ati ons of an im a l s  were observed i n sha l l ow wa ter t hat

were probably related to periods of large swell. There was clearly an

increase in wave—induced substrate movement during the winter months. At

a l l  dept hs, an ima l density was lowest during winter. This was not the

result of the termination of annua l l i fe cycles. Peaks in ovigerous females

of the numerica l l y dominant  cr ustaceans an d po l ychaetes d i d not occur pr ior

to or during the wi nter but were in early spring . Thus, the low win ter

densit i es probabl y resulted (directly or indire ctly) from increased mor—

tal ity due to physica l disturbance. Winter recru i tment was much l ower in

sha l l o w  water and was proba b ly restr i cted by hi gh ly var ia b le and in tense

sed iment movement.

Crustaceans dom i nate the sha l l ow water zone and are replaced by

po lychaetes in deeper water (Oliver et al. , M.S.). This pattern is pri—

man ly controlled by sed i ment movement (Oliver and Slattery , M.S.). It is ,

therefore, not surp ri s i n g  to f i n d  t hat , dur i ng th e c a l m  per i od of t he year ,

these zones shift toward shallow water (i.e., po l ychaete recruitment is

high ) and that the oppos i te holds during the rough period (i.e., crusta-

ceans mi grate out of very shallow water and pol ychaete recru i tment is low).
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CHAPTER THREE

OFFSHORE DISTURBANCE GRADIENTS

An obv io us grad i ent of physica l disturbance caused by wave—generated

substrate motion ex i sts along the offshore transects. In sha l low water ,

organisms are subjected to extreme fluctuations in sed i ment movement

that decrease with increasing water depth. The fauna is dominated by

mobile , deposit—f eed i ng crustaceans. With increasing water dep th , the

substrate stabi I ity al lows the estab l i shment and maintena nce of more

permanent tubes and burrows. As a result , the number of sessile and

sem i— sessi le forms, commen sal  an i m a l s  an d su spen s ion  a nd select i ve

surface deposit feeders increases in the deeper pol ychaete zone (Oliver

et al. , M.S.).

Prev ious descr i ptive st udie s along the coast of wester n Nort h

America have documented the basic structure of relatively shallow shelf

communities (Barnard , 1963; Carey, 1965, 1 972; L ie an d others , 1969,

!970a, 1970b); however , the effects of natura l or experimenta l perturbations

of these communities are unknown . Th is  chapter presents the res u l t s  of a

set of field experiments conducted along the northern sandf lat (Fi gure

2; N stations) that were desi gned to test two major hypotheses :

Hypothesis No. I: The ability of anima l assemblages to rebound

from a simulated natura l disturbance is related to the magnitude of

natura l disruption and variability of the environment. Assemb l ages

subjecte d to h i gh and var ia b le nat u ral p hysica l stress rebound or recover

from perturbation more quickl y than those assoc i ated with a more ben i gn

(less variable ) environment.
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Hypothesis No. 2: The pattern of benthic succession following a simu—

• l ated natura i disturbance is similar to the zonation of animals along a re-

lated phys i ca l stress gradient. An i mals that characterize the most dis-

turbed end of the natura l gradient w i l l  appear first in a re l ated succes—

si on.

I n  add i t ion  to these hypot heses , the experi ments were des i gned to eva l-

uate ot her s p e c i f i c  quest i ons about f actors suspecte d to contro l bent h ic

successiona l patterns.

Methods

Experimenta l distur bances were created by mass deposition of sandy sed i-

ment. Sed iment dredged from the entrance channe l to the Moss Landing Harbor

was loaded into a l OGO—cubic yard* scow and deposited over reference grids

la id on the bottom and marked by surface buoys. Each grid was a square,

30 m on a side , formed of met.’J stakes protruding a meter above the bottom

and connected by metered line. One barge load of coarse, sandy sed iment

was dumpe d at eac h of th ree gr id s ii 0 (N—2) , 18 (N—3) and 24 (N—4) m

of water on the norther n san df l at  (Fi ’~’jre 2). The physica l characteristics

of the translocated sediments are shown in Table 5 (November 1974: N—2C ,

N—3C , N—4C).

Divers surveyed the bottom , meas ured t he prec i se amount of deposit i on

and established well—def i ned disturbance (deposition ) gra di ents immed i ately

after dump ing. Four permanent stations (A , B, C, D) were established along

each disturbance gradient running parallel to the shoreline (i.e., water

depth was constant). Station A was to the north and was undisturbed. Station

D was l ocated at the disturbance center; i.e., at maximum deposit ion . The

*A table of factors for converting U.S. customary units of measurement to SI
can be found on page 9.
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length of each gradient transect was approximate l y 30 m. Stations D and C

were combined after a large storm in October 1974, when samples ind i cated

no significant difference between the two stations.

The three grid sites were samp l ed prior to the experimenta l disturbance

in l ate August 1974 and were observed and samp l ed a-I- various i ntervals there-

after. Infauna l and sediment samp l es were collected and processed as described

in Chapter 2. It is important to emphasize the hi g h l y  con t ro l l ed  nature of

the dumping and the es-tabI ishment of well—defined depositiona l grad ients. The

tug boat operator was able to maneuver the scow to the center of the grid

(buoyed at each corner) and ma i ntain that position until the dumping was com-

pleted . As a result , the pos i t ion of the nearest co l o n i z i n g  source re l a t ive

to areas of differential disturbance was well known. Deposition over a larger

area would have been more difficult to control.

Physica l Environment

A con ica l p !le of coarse, sandy sed iment that  was approx i ma te ly  2 m

hi gh was deposited at stati on D at each depth . About 30 cm of sedi—

ment accumu l ated on the C stations and less than 10 cm on the B stations.

The und i s tu rbed  contro l areas were located to the nort h of the d is t urbance

grid because the strongest ?ongshore currents tnended south. Finer particles

were resuspended and the re l ative l y coarse sand t hat rema i ned was qu i ck l y

worked i nto large ripple marks whose characteristics varied with depth.

The coarse sed i ment was p h y s i c a l l y rewor ked i nto t he bottom and was thu s

covered by f iner sands. The sha l lowest p ile (N—2) was dispersed the quick-

est; however, in  late October 1974 , a large storm obli terated the ma i n p i les
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at all depths. The storm moved the depos i ts to such a degree that no phy-

sica l or biologica l differences were detected between stations D and C at

each depth. Thus , stations C and D were combined after September 1975 and

called station C. Sectioned vert i ca l sed i ment cores taken in January 1975

revealed a t~omogeneous sed i ment at N—2 (Table 5), a layer of f i n e  sediment

covering the coarse fore i gn deposit at N—3 and a thin layer of coarse

introduced sed iment covering the natura l deposit at N—4. This pattern was

undoubtedly caused by a decrease in physica l reworking of the bottom sedi-

ments with increasing water depth. As expected, r i pple marks of coarse sed-

i ment pers i sted longest at the deepest station (N—4). The coarse sediment

was p h y s i c a l l y  reworke d i nto at least the natura l surface  deposit  at a l l

depths by April 1975 (Table 5).

Shallow Disturbance Grad i ent (N—2, 9 mY

The assemb l age at N—2, 9 m, was characterized by few po l yc haetes and a

re la t ive l y la rge number of mobile crustaceans that tolerate extensive sub-

strate movement. The mass deposition of 2 m of sed i ment destroyed essen-

tially all of the fauna at -the center of the disturbance . The less mobile

infauna l crustaceans were present in the dist urbed areas only in very low

numbers until after the follow i ng winter. These included species of the

amphipod genera Paraphoxus (Figure 25) and Eohaustonius (Fi gure 26), the ostra—

cod genu~ Euphilomedes (Fi gure 27) and the crab Pinnixa franciscana. In con-

trast, the more mobi le crustaceans were present in  r e l a t i v e l y  large numbers

along the entire dist urbance gradient only a short time after disposal. Sev-

era l cumaceans (Figure 28) and the amphipods Monoculodes spinipes, Synche—
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l id ium spp. and Meqaluropus lonq i merus (Figure 29) were abundant at the

C station soon after the disturbance . These species were probably not

attracted to the d i s t urbance but were si mp l y  more mobi le and th us more

l ike ly to move i nto the area . Relative mobility was measured by occurrence

in funnel traps (see Appendix). Immobile animals did not occur in the traps ,

while the most abundant trapped forms were not common on the bottom (e.g.,

hyperbenth i c mys ids , Table I). The mobili t y  of the benthic crustaceans is

related to an i mal morpho logy , l ife cyc l es and spatial zonation (Oliver et

al. , M.S.).

The po l ychaetes were not nearly as abundant as the crustaceans at this

depth. Dispio uncinata , Nephtys çaeco i desand Scoloplos arm i qer were abundant

at station C a f te r  t he Octo ber storm , w h i l e  two ot her i nd igenous spec i es ,

Chaetozone setosa and Piranoides polybranch ia , were rare. The former species

is probably more mobile than the latter , but no direct ev i dence for this rela-

tionship ex ists.

Some of the po l ychaetes characteristic of deeper water settle period i-

cal Iy in sha l low water during relative l y cal m portions of the year (Chapter

2). These seasonal populations are almost comp l e te ly  destroyed du ri ng heavy

winter swel l .  The tempora l variation in Magelona sacculata illustrates this

pattern (Fi gure IS). These po l ychaetes (Maqe l ona sacculata, Prionospio ~~~~~~~
-

maea , P. c irri fera ) showed no consistent trend in settlement relative to the :1

d isturbance gradient. Apparent ly, this shallow zone was so thoroughly dis—

turbed by wave ac t iv i ty an d the introduced depos i t rewor ked so w e l l  that

the larvae of t hese rel ati ve l y opportunistic species could not distinguish

t he ex per i menta l d i st u r ban ce or experience d d i f feren tia l morta l i ty t hat was
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unrel ated to it. Opportunistic po l ychaetes are characterized by short gener-

ation t i mes , small size, low fec und i ty and h i gh larva l availability (Tables

6 and 7).

Thus , the d ist u r bance destroye d most of the f auna at i ts  center and

the area was qu ickly colonized by mobile , swi mm i ng cr ustaceans and, to a much

lesser degree , by a few po l ychaetes that may also be re l at i vely mobile. Po l y—

chaetes that were more common in  deeper water a l so  set t led in  t h i s  area , but

their populations were destroyed by winter storms. Wave disturbance was ap-

paren t ly  so great at t h i s  depth t hat t he larvae of even the more opport u ni st i c

spec i es were unable to distinguish the experimenta l disturbance .

The var iations in biomass (Figure 30), tota l density (Fi gure 31) and

number of species (Figure 32) were quite high at the undisturbed station (A).

As a r e su l t , d i s t inc t  d i f f e r e n c e s  a long  the d i sturbance grad ien t  could  on l y

be discerned for a short t ime af ter t he disposa l an d recovery was qu i t e —

variable in areas of differential dist urbance . Much of this variation is

attributable to the variable physica l environment. The effect of the large

storm in late October 1 974 was most pronounced at station C. Some of the

or i g i na l  pile of depos i ted material was still present at the disturbance cen—

ten (D) just before the storm, but there was no -trace of this accumulation

afterwards. Large winter swells dispersed a considerable amount of sed i ment

and th is movement must have caused some infauna l mortality (Fi gure 31 ). The

relative l y low density of animals in sha l l ower water and t he sma l l  area of

the samples probably  a lso accounted for some of the va r i a t ion  i n para meter

estimates.
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The number of species (Figure 32) and individuals (Fi gure 31 ) at the

d is turbance center was essent ia l l y recovered by Apr i l 1 975 and stat ion B

recovered faster than station C. S im i l a n i t y indices (Bray and Curtis , 1957 )

comparing stat i ons A and C, u s i n g  both species composition and re l ative abun-

dance data, also ind icate that recovery was comp l eted by April (Fi gure 33).

Using  t h i s  method , the g rad ien t  was considered recovered when t he si m i l a r it y

calcula ted between t he A and C s tat ions for number of spec i es and re l ati ve

abundance f e l l  w i th i n the range of s i mi la r i t y  va l ues obta i ned by comparin g A

cores among themse l ves (i.e., when stat i on  A was as s im i l a r  to stati on C as

station A was to itself ). Thus , recovery took no more t han seven months ~
the disturbance center and was faster at the intermediately disturbed ~~~~~~~~~~

1 8—rn Disturbance Gradient (N—3)

The predisturbance infauna at M—3 was composed of small , deposif-feedH-~

peracan i d and ostracod crusta ceans and po l ychae-I-es and was characteristic of

the center of the shallow water crustacean zone (Oliver et al. , M.S.).

The patter n of recover y from the d i sturbanc e was somewhat s i m i l a r to

that observed at the sha l l owest station (N—2 ) , but it differed in the response

of large epi faunal animals. Each depth gradient was visited by divers within

minutes after the disturbances. At N—3, they observed numerous f lat fi sh and

seastars (pr i mar i l y Pisaster brevis pinus ) already at the disturbance cen~~~ .

These larger animals were rarely seen at N—2 .

The d i sturbance ca used a drast i c dec l i ne in  t he num bers of less mob i le

crustaceans at N— 3. These forms were numerically more i mportant at this depth

than in shallower water (Oliver et al., M.S.) and included the amphipods Para—
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phoxus (Figure 34) and Eohausto rius (Figure 35) and the ostracod

Euphi lornedes (Figure 36). The number of more mobile crustaceans such

ds the cumaceans (Fi~~ure 37) and some amphipods e.g., Megaluropus

longirnerus (Figure 38) and Synche l i dium spp., increased dramatically

after the disturbance. These active forms were sli ghtly more abundant

in sha l low water end thus colon i zed the 9—m area (N—2) in larger numbers

after that disturbance; neverthele~.- , the pattern of succession was simi-

lar at both depths. Larger and presumably mor~i mobile individuals of the

ostracod , Euphi lomedes carcharodonta, were also more abundant at the dis-

turbed areas than the juveniles (Fi gure 39). None of these patterns were

the result of anima l mi gration through the introduced sediment. Al I small

crustaceans are kil l e d  by a mass accumulation of deposits such as that of

the experimenta l disturbances (Oliver and Slattery , 1976).

Coincident with the immigration of the mobile crustaceans was the

settlement of sever al spec i es of pol ychaetes along the entire disturbance

gradient. Most species showed reduced sett l ement at the disturbed sites ,

but for certain opportunistic forms , sett l ement was highest at the dis-

turbed locations. The densit y of Armandia brevis was highest at the A

station and decreased with increasing disturbance (Fi gure 40). Sett l ement

of Prionosp io cirrifera (Fi gure 41) and Prionospio pygmaea was hi ghest

at stat i ons C an d B, but both these species sett l ed in low numbers at the

center of the disturbance (station D). Thus , the sett l ement of A. brevis

was nearly opposite that of the Prionospio species with the larvae of the

latter show i ng increased se l ectivit y for the intermediately disturbed sites.

These species accounted for most of the polychaetes present directly after

the disturbance. The periodic settlement of the Pnionosplo species

64

i~~~ - _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
---=- _ I _  . • - •  --- —---- i_ • •—..• -- -—- .MlI~~



r~ ~~~~~~~~~~~~~~~~~~ ~T:E~~:~~~
--—--

~
--- -- _ _ _ _ _

I I I I

. (~O 4’
T F T U .t —  C

/ I 0) .~~
I I I V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(0
5-

0 —

C U
(5 0
.0 C
5 - 4 5
4 1 5 -

O ..-. 4.)
V U )

5,
U 41

• 4 . 0

CCV
~~ C C
N- a .,-
0)
—

0. 
-

I--
-

0. 0 . 5-U) 0.4

• c’) U) I • 
fl

.
I~~~~lz~~ J -a:

It 5 - U
0. I Sa;

U.
• C S . .

U) 41
• — C- i -

O~~~-a:
• ( S C

. (5z (SE
45’

II N-
II 0) 45
ii — C’,

.~~~
I I I I 

U.

CC CC 0
0 CCcC CC(0 C’)

~uI / s[~npL AL pu~

65

___  _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ..-~~~~Tii . - ~~~~~~~~~~~~~~~~~~~~~ .44



r

I I I I

41
• C-t. U)

I U. N-. V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 ) ( 5
— 5-

a;-— U
U
C
( S •

- - . 0 5 ,
S - U
4.) q~~

• • .4- S..
0 V~~~~~

• • C U)

• • U i ! )
5)

- -a:
- 0 )0

0~~~
N.

- . 0~ ~~~~~~~0. 0 _ _ _  
—

- - 0 . 5 -(n i -
0

- .
~~~
.

_ _ _ _ _  

.a:
- 0 • 4 1 C

• ID ( f l O
.0
0 (S I!)

o a’
U.

- C S-

U) 41
• — C ..-

oz
•4-
411! )

I I I I

Z W / SLPnP~A~PUL

66

~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~
_ L _~~~• .1 _____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~• •  ~~~~~~~~~~.



r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  _ _ _

I I S

4)
• • C

(0 a,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

U. N- .
~~Q~ V

- — (5
S..
a;
a,

• U

• - .0 5)
5 - U

4) (5
- In •

.4- 5-
LI

• -

- • a ,U,
C U
4 )4 1

IS
- 1/)

0. N-
U)

- U) - (5 .4-

ID .~~0 
~~~‘ 0.0

- - 0.5-
0

- w I .
.0

. I U)
• 0.1W

~~~I a ;
U. W IC

C S-

U) 41
— C ..-

.O~~~
41 U)

z il

I I I

w /  s~eftpp’~pU1

67

- - - - -  
~~~~~

-
~~~~~~~

- -- ---- _  - -
~~~~~

--
~~~~~~ - - . - . . ~~~~~~~~~~~~~~~~ 

•



r 
--—-- - - -

~~~~~~~~~~~~

—

~~~

--- -—-

~~

----

~~ ~~~~~~~~~~

-—

~~~~~~~~~~~~~

—

~~~~~~

- - -  -

~~~

•-— -

~~~~ ~~~~

--

~~~~~

- ---

~~~~ 

-“ 
-

~~~~~~~~~~~~~

I I I I I I I

- 41

• ~~ 
C

-

~~

zz

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

U. t~
- 

0)
(5
5-a;

In - — a)
0
C~~~

- ( D U
. 0 0
3 _ C

- 41.0

.4-
LI V 4 1

- U)
((0 -i-
I C

- (I)
U U
C 4 1

~-1.
- U

U) C V
N. 0 0

• U) - 0) .— -i-
0 -~

- 41 5..C’)

0 c
- 5 ) .

o .4
ID -a:

- ( S C5) 0
0 U
0 

- = 0 )
U.

• C i .

U) 41
— C-i-

41 U)
( S C. 4 - ( D

z

0)
N-

I I I I I I I  I I 

C/)

W / S~~ 2flj~~~i~~~~~ U~

68

• i _ T ~- - ~~ -~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - .



_ _ _ _ _  

_ _ _ _ _ _ __ _ _

41
C

____________________________________________________ U

• 

I

-~~ ~?

CD

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-I C)(SIC C
- gi~U.

.0
11) 4-)

— C -,-

•
0 ~
4 1 i n
( S - C.4- (S

z
0

0) c0— (i)

CD Cl)

=

U.
I I I

CC CC 0
CC CC
In

z
w / s npp~~pu~

69

~

i - : - - -—— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~ • 

- •~~~~~~_~~ ~~~~~~~~~~•~~~~~~~~~ • -— ~~~~~• -



4000 — N-3

Euphiloniedes carcharodonta

— adults L I
3000 —

juveniles 
L
1Y..

~~ 
:~1

C’-) . 
~~~~~~

E :~~~~,..
- - .- :- • U)

— .-.~ ~.: -
~. 

2000

1000 — .~~~~ ~~~~~~~~~~~~~~~~~~
I • E C. _________________

: - . ~::~~ :~~~
- i.--.: ~: . -~~ -:

~~~~~~~~~ .-~~ -.-~:— -

.• 

.. 
•.: I

~: ~~~~~~~~~~ :~~~~~z , : y
___________ a .: : / : j ~~i-~’~ . ~~~~~~~~~~~~~~

A B C 0

Figure 39. Abundance of adult and juvenile Euphllomedes
carcharodonta along the N—3 disturbance
grad i ent imed i ately after the disturbance
(29 August 1 974).

70

~ 

— —
~~

- 
• ~~~~~~~~~~~~~~~~~~ 

_:L~~



~ -~~~~- - ~~~—~~~~~—~~- 
-
~~~~~~~~~

- - -

~~ 
-
~~~~~~~

I I 3 I

4.)
C

N. a,
0) —
— V

‘5
I-• — a)
a,
U .

(5 0
.0 C
‘ ( S

0
41

0 
~~~~~V U)

C’) V

~~ In
U

a , 4 1
.0 (S
4 10

U) U)
-~ N.

.�~ (.- ‘
ci) 0

p ID Ifl~~5-
—I

>
0 a,
(S S..
C .0

(5 .4
-a:

~~~ In• E U
Si a)

U.
IS

C S-
.—

.0En 41

~w / S (PflpLALp U~.

7 1

- ~~~~~~~~-_ --~~~ ~~~-.-~~
- ~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~ 

_ .~ ~~~~~~~ •~~~~~ • _~~ _ _ .  • _ __
~~• _ _ _ .  - - -



— —-~ - —~ - -- 
- L J LJ --

~—-’ -
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .-1IJI~

_______  4-)

I I I C
U

U . N .  
~~.I 2~ 
a’ 

J~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U
C .

— (SW
. 0 0
S - CI-I
41.0
(1) 5-
—
V 4’

In

• 

0 

, I~~~
. 

H-

~~~~ 
I

_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I
U.

U)

U) .0
0 Zw / sj~ npTi~ pui

72

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • ~~~~~~~~~~~~~~~~~~~~~~



~ -~ • —- ~~~~~~~~ -r~~~~~~~~~~~~~~~~~~ --~ - - -~~~~~~~

was consistent with their appearance in the larva l jars (see Appendix ).

Dispio uncinata and Dendraster excentricus live in very shallow water and

in coarse, shifting sed i ments and also periodically settled in relatively

hi gh numbers at the disturbed sites. Their presence probabl y i nd i cated a

relatively unstable substrate.

The increase in less mobile crustaceans (Figures 34 and 35) and less

opportunistic po l ychaetes (Figures 42 to 45) characterized the l ater phase

of succession . The hi gh seasonal morta l i ty and low w i nte r recru i tment of

the po l ychaetes at the sha l lowest station was not as pronounced at N—3; how-

ever, seasonal recruitment was observed infor m swith seasonal breeding cy-

cles like Mage l ona sacculata and the common amphipods and ostracods (Chap-

ter 2). Most of t he mo l l uscs were juven i le  biva l ves that were present in

low numbers until the summer and fall of 1975 (Figure 46).

The v a r i a t i o n s  in  the tota l number of i n d i v i du a l s  ref lected : the large

polyc haete settlement (Figures 47 and 48) and to a lesser extent the inf lux

of mobile crustaceans during earl y recovery (Fi gures 36 and 37); the mor-

tality related to the late October storm; and the gradua l recovery of the

pre— disturbance infauna after the winter period . The abundance of almost

all species and the tota l number of spec i es were decreased by the heavy

storm in late October 1974 (Fi gures 46 to 50). Higher storm mortality

occurred in areas of greater initial disturbance due to more extensive

substrate motion. The number of individuals of polychaetes , cr ustaceans

and molluscs at the disturbance center (station C) was similar to that at

the undisturbed station (A) by June 1975 (Fi gures 46, 47 , 49). Recovery was

qu ite v a r i a b l e  and t here was a d i st i nct drop i n po t ychaete numbers at

dist urbance stations B and C after June 975. The number of species, how—
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ever , appeared to recover as e a r l y  as Marc h 1 975 (F i gure 50). Biomass

• followed a similar but more variable trend (Fi gure 51). The similarity

in species composition and re l ative abundances computed between stations

A and C was similar to va l ues calculated among pa i rs of station A repli-

cate samples by September 1975 (Fi gure 52).

In  summary , most of t he i nfa una were destroyed at the center of the

disturbance. The early phase of succession was characterized by the set-

t l e ment of severa l species of more opportun i st ic  po l ychaetes and the m ini—

gration of mob ile crustaceans. The density of early colon i sts was hi ghest

at the C rather than the 0 stations prior to the October storm. The later

phase was character i zed by a gradua l increase in the pre—d i sturbance fauna

(i.e., less mobile crustaceans and less opportunistic po l ychaetes). Recovery

of the pre—d isturbance assemb l age occurred within a year. There was a gen—

era l decline in the density of crustaceans and po l ychaetes at all stations

d u r i n g  the second wi nter , but the variation in tota l abundance among sta-

tions could not be explained by the initial disturbance (Figure 49).

24—m Disturbance Gradient (N—4)

The pre—distur bance infauna at the deepest station had more po l y—

chaetes and somewhat fewer crustaceans than the shallower stations. The

reduced wave dist urbance and more stable substrate at this depth were ac-

companied by a reduction in the number of more mobile crustaceans that

were characteristic of shallow water (Oliver et al. , M.S.). As a result ,

these forms were not as abundant during the early hase of succession (e.g.,

Fi gure 53). Instead , there was a gradua l post—disturbance increase in

crustaceans t hat was in ter rupted  by the October 1974 storm. The most
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abundant  crustaceans were the pa raphox i d amp h ipods and ostracods. Their

popula t ions had not recovered by February 1 976 (Figures 54 and 55).

The ear l y phase of recovery was dominated by the sett l ement of severa l

relatively opportun istic po l ychaetes. Armandia brevis, Prionospio

pygmaea and P. cirrifera sett l ed in largest numbers at the disturbance

center (D) but experienced hi gh mortality rates (Figures 56 to 58).

The i r bent hi c abundances reflected t he i r ava i l a b i l i ty i n the plankton

(Table 6). There was also a large sett l ement of Gyptis brevipa l p~ at the

distur bance center in the winter and the shallow water species , Dispio

unc i nata, was found only in the disturbed areas. The l ate phase of recovery

i nvo l ved a gradua l increase in the pre—disturbance pol ychaete fauna . The

seasona l recruitment of Mage l ona sacculata was very similar along the gra-

dient  (Fi gure 59). The numbers of Amaeana occidental I~ (Fi gure 60) and

Nothria elegans appeared to recover dur~ng the study per i od but ~4edio—

mastus cal i forniensis (Fi gure 61) and severa l others did not.

The biva l ve recovery pattern was similar to the 1 8—rn station , but

numerica l recovery had not occurred by February 1976 (Fi gure 62).

The var iations in tota l fauna l density in the d isturbed areas re—

f lected ; the sett l ement and h i g h  m o r t a l i ty of several more opportunistic

po l ychaetes (Figure 63), the low migration of cr .staceans at this depth

(Figure 64) and a gradua l increase among alt the major taxa, though none

reached the densi t y of the undisturbed site by February 1976 (Fi gure 65).

The B station (intermediate disturbance ) was more comp l etely recovered

than the C station by February 1 976. The number of spec i es and biomass

had not recovered by the end of the study (Fi gures 66 and 67); how—
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ever , the s i m i l a r i ty between the A and C stations reached a va l ue near

the s im i l a ri ty computed among rep l i ca t e  samp l es at s tat ion A i n Apr i l 1 975

an d was v a r i a b l e  thereafter  (F i gure 68). Ap p a r e n t l y , there was a genera l

similarity in spec i es composition and reldtive abundance patterns between

the undisturbed (A) and disturbed (C) station by April , but abso l ute

popu la t ion  numbers d i d  not recover by the end of the study period (Fi g-

ures 62 1-~ 65). The similarit y i ndex i s based on percentage compos i t ion

and abundance , not abso l ute numbers . It is also strong l y affected by the

more abundant and frequent species. Since tota l species number (Figure

66) and biomass (Figure 67) were also unrecovered by the end of the study, It

Is concluded that commun i ty succession was still in progress and not com-

pleted at that time.

Disc ussion

The same experimenta l disturbance was performed at three water depths.

Essentially, al l  the i nfauna were destroyed at the disposa l center. Imm i—

diatel y after the dumping (minutes t’~ hours), large f l atf i sh an d starf i sh

moved into the disturbance areas in deeper water. These forms were tess

common at the shallowest station (N—2 , 9 m). The first large storm (late

October 1 974) caused exte~,sive movement of the depos ited material , obli-

terated the physica l and biolog i ca l differences between stations C and D

and requIted in hi g h i n f a u n a l  morta l i t y  that decreased w i t h  decreasing

in i tial disturbance (i.e., from D through A) and with increasing depth .

The disturbance centers were cllaracter by coarse, shifting sedi—

men-f s that took l onger to rewor k in to  the natura l bottom at t he greater
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depths. The settlement of the shallow water polychaete, Dispio uncinata ,

and the sand d o l l a r , Dendraster excentricus, in highest numbers in the deeper

disturbance areas was indicative of the unstable nature of these substrata .

Both species occurred in high numbers along the entire depositlona l gradient

(A to 0) at the shallowest station.

The pattern of recovery of the crustaceans was similar at all depths.

The f i rst colonizers  were act ive , sw i mming crustacea ns, primaril y c umacea ns

and oed i cerotid amp hipods. In deeper water, there was also a trend for lar-

ger and presumably  more mob i le i n d i v i d u a l s  of an ostracod to colon i ze f i rst.

The cumaceans and oedicerot ids were more character i st i c of , and abundant in ,

shallower water (Oliver et al., M.S.). Their mobility probably allows them

to adjust to per iodic substrate motion . These forms were less abundant

in deeper water and co l onized the deepest disturbance area (N—4 , 24 m ) in

re l at i vely low numbers . Colon i zation was probably a result of h i gher acti-

vity rather than attraction to the introduced sediments; however , populations

were larger at the disturbed areas, indicating some preference or advantage

upon arrival. The later phase of crustacean rec~ very inv tved the gradua l

return of the less mobile spec i es (e.g., Euph i l omedes spp., Paraphoxus spp.,

Eohaustorius spp.). These forms were rn~~~ t abundant It the deeper stctions ,

where they took longer to recover.

The early phase of succession wd ~ ilso Y r i cteri zed by the sett l ement

of severa l spec ies of po l ychaetes that have rel i t i v e l y  opportunistic life

history patterns (Armand ia brevis , Prionosp lo cl rrifer a , Prionosp lo pygmea ).

They have short generation times , small body sIze , hi gh morta l i ty rates ,

hi gh larva l availability and settle first in many disturbed habitats
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(Tables 6 and 7). Apparently, natura l disturbance was so intense at the

sha l l owest station that these polychaetes settl ed along the en t i re

depositiona l gradient and di d not “detect” the experimenta l disposal.

The same opportunistic po l ychaetes sett l ed in hi gher numbers in

deeper water and they were more numerous at the disturbed stations. At

the 1 8—rn depth, settlement was hi ghest at stat i on C and rather low at

station D in September 1 974. Apparently, the mot i on of substrate at the

disturbance center was severe enough to prevent the settlement and sur-

viva l of most pol ychaetes. This contention is supported by the results

from larva l choice experi ments using tall and short conta i ners of coarse

sediment (see Appendix for methods). The tall conta i ners reduced wave—

induced substrate motion wh i l e  the coarse sed i ment in  the short conta i ners

was constantly disturbed by water motion . More Iarw’e settl ed and surv i ved

i n the t a l l  conta i ners compared w i t h  the sh i f t i ng, coarse sed i ment of the

short ones (Table 8). At the deepest station , the same opportun i stic po l y—

chaetes sett l ed in greatest number at the disturbance center (station 0).

The introduced sed i ment was the same at all  depths , but wave—generated

water currents and the resulting substrate mot i on was reduced in deeper

water.

By January  1975 , the coarse introduce d sed i ment had been mixed into

the surrounding bottom at the 1 8—rn depth but not at the deepest station .

Thus, the only area that conta i ned relatively coarse shift ing sed i ment

was station C at the 24—rn depth. Th is was the only station at the two

deeper depths where the non—opportunistic sedentary po l ychaete, Amaeana

occidenta l is , did not settle (Table 9).

Many po l ychaetes were prevented from establish ing or maintaining

populations in very shallow water because of the unstable substrata
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(Oliver et al., M.S.). The seasona l nature of po l ychaete settlement

at the 9--rn station (N—2) may be partial l y expla i ned by their settl ement

pattern af ter  the experimenta l d i s turbances  and t he resu l t s  from the

larva l cho i ce exper iments (Appendix , Tables 8 and 10). Sett l ement and

surv i va l occurred when a coarse sed i ment was stable (e.g., during cal m

weather) but did not occur when coarse sed i ment was sti rred by bottom cur-

rents (e.g., in winter ).

The seasona l sett l ement patterns observed at the sha l lowest station

were less prono unced at the deeper areas , probabl y due to decreased bottom

currents. When tall/short container larva l choice experiments were per-

formed w i t h  f i n e , rat her than coarse, sand, some po l ychaete species settled

and surv i ved in greater numbers in the short containers (Table 10).. The

results were not unequivoca l but demonstrated that differential settl ement

and surv i va l could be affected by variations in grain size and water motion .

(Compare Tables 8 and 10.) One species, Capite ll a cap i tata, always showed

a marked preference for the tall containers (i.e., reduced substrate motion

and finer material due to increased deposition ) in the larva l experiments

(Tables 8 and 10). C. capitata settled in relatively large numbers at the

canyon head disturbance site and at all the harbor stations and was abun-

dant in larva l jars at the time the norThern sandflat areas (N—2 , N—3, N—4)

were disturbed . However, i t  d i d  not settle a long  any of the exper imenta l

disturbance gradients. The choice experiments indicated greater settlement

and surv i va l in finer sed i ment and/or ca l mer water. These conditions cer-

tai nly did not occur on the northern sandflat. In contrast, Armandia bre—

vis showed a s l i g ht preference for the t a l l  conta i ners in  some exper i ments
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but a considerable proport i on of the animals always sett l ed i nto the

shorter ones as well (Tables 8 and 10). As expected , thi s spec ies was

one of the earl y colonists in the northern sandfiat experiments.

The later phase of polychaete recovery was characterized by the

gradua l return of the pre—disturbance fauna indigenous to the area. Some

(Nothria elegans and Amaeana occident alis ) recovered much faster than

others (e.g., Med i omastus callforn i ens is). The larva l jar data suggest

that the former spec ies were more often available for sett l ement (Table 6)

since the l atter was rarely collected. On the other hand , M. cal i for—

niens is may have an abbreviated form of deve l opment and a reduced dispersa l

stage (e.g., brood protection ), which mi ght expla in its slower recovery .

In summary , the early phase of recovery was characterized by mobile ,

swi mming crustaceans and opportunistic pol ychaetes. Mobility was measured

by occurrence in funnel traps positioned just above the bottom (Table 5),

and degree of opportunism was established by life history characteristics

(Tables 6 and 7). The later phase invo l ved co l on i zation by less opportun-

i s t i c  po l ychaetes and less m o b i l e  crustaceans , both of w h i c h  were norma l ly

most abundant at the deeper areas. The polychaetes can be ranked by their

response to disturbance (i.e., degree of opport un i s m , which a lso groups

them by similar life history characteristics). However, their actual sett l e—

ment i n  a d i s tu rbed  l ocat i on was a l so  dependent upon larva l substrate

select i v i ty  and ea r ly  su rv iva l , w h i c h  are important but often neg l ected

l i f e  h i story factors. The pattern of success ion was somewhat different

at each depth beca use of associated changes in  the bottom commun i t i es and

the physica l environment.
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Environmenta l variability increased with decreasing depth along the

nort hern transect and , as a result , the communit y structure was also more
variable In shallower water. The most Important and variable phys i ca l stress

was the movement of substrate caused by wave activity . Corrrnun ity comp lex ity’

also increased with increasing depth as a result of reduced physica l stress.

As pred i cted , commun i t i e s  found i n  h i g hl y variable environments were more

resilient (capable of rebounding quickly from a severe disturbance). Thus,

commun i ty resilience was inversely re l ated to commun ity comp lex ity and di-

rectly related to increas ing  phys ica l environmenta l var i a b i l i t y  and more

varia ble commun i ty structure.

*Relatively hi gh b lomass , hab i t a t  heterogeneity , density and number of
species.
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CHAPTER FOUR

CANYON HEAD DISTURBANCE

The head of the Monterey Submarine Canyon has a quite different sed i-

mentary env i ronment than the adjacent sandflats (Figure 69). The steep,

sloping bottom is subject to periodic shoa l ing and slumping. The shallow

terrace that borders most of the canyon , deeper canyon w a l l s  and especial ly

the axes an d chan nel areas , accumula te  sedi ment and deb r i s dur i ng the late

spr ing, summer and ear ly  fall. These are periods of relat ively calm seas.

The largest topographic changes are coinc i dent with the first storms in late

fall. Sed i ment movement down the walls and channels is frequent and exten-

sive throughout winter and early spring.

The canyon slopes are composed of poorly consol idated sands that do not

form distinct ripple marks and are easily disturbed. This substrate insta—

bi l ity is similar to that observed in shallower water along the adjacent

sandflats and , conseque nt l y, the anima l assemblage in habiting this area is

also similar. In contrast, t here are severa l sub mar i ne r idges that have

flat crests which are composed of more consolidated and stable sed iments

that form dist inct ripple marks. The ridge anima l assemb l ages are inter-

mediate  between those of the less s table  canyon substrata and t he deeper

sandflat areas. The numerically dominant pol ychaetes that characterize the

deeper sandflat have rel atively small and variable populations on these

ridges , an d s m a l l  crustaceans and large b i va l ves are consp i cuousl y rare.

In August 1971 , dredged material was deposited on a small submarine

ridge i n the southern branch of the canyon . The same location was disturbed

in the same manner in August 1 974 to test the hypothesis that benthic suc—
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cessiona l patterns are similar when the perturbation and the season of

its occurrence are similar. The experiment also allowed a test of the

hypothesis that recovery rate (commun i ty resilience) can be corre l ated

w ith the l eve l of natura l disturbance.

Methods

In August 1971 and 1974, severa l barge loads of dredged material were

depos i ted on the submarine ridge station (P—3 , Fi gure 69). The experimenta l

site was marked with a permanent buoy and the same relatively small bottom

area was mon i tored for more than four years. The translocated sediment, a

f ine, s i lty mud, was dredged from the back harbor (H— I , Table II ). Thus,

the q u a l i t y  and quan t i ty  of deposited sed i ment , the season and the l ocation

of the two d i sturbances were identical.

The canyon head has received dred ged mater ia l  for many years (Wong,

1 970); therefore, it was not possible to l ocate an undisturbed contro l sta-

tion . However, the observed successiona l patterns were compared to the

natura l variations in community structure along the adjacent sandflat so

that the l atter prov i ded an index of natura l change unrelated to the ‘.~çeri-

menta l disturbances.

The ridge area was visited per iodica l ly to measure changes in the phy-

sica l properties of the sed i ment and the benth ic fauna. Sed i ment and bio-

logica l samp l es were taken and processed as described in Chapter 2 .

Resul ts  and Discuss ion

The 197 1 pre—d i sturbance fauna was numerically dom inated by the capi—

teI l id pol ychaetes, Heteromastus filobranchus and Capite l la capitata.

I l l

A
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Crustaceans and molluscs were uncommon .

The genera l sequence of succession was the same after both distur-

bances and was dominated by the po l ychaetes. Capite l Ia capitata sett l ed

first and was followed by Armand ia brev is, Prionospio pygmaea, Spiophanes

missionensis and Nephtys cornuta (Fi g ures 70, 71 an d 72). This earl y group

of co lonists had s i m i l a r  l i f e  history patterns , inc l u d i n g  re l at i ve ly  s m a l l

s ize , short generation time , h igh larva l availability (Tables 6 and 7) and

high mortality rates.

Capitel l a capitata exemplified the basic abundance pattern of the early

colon i st i n w h i c h there was a h i gh density peak shortly after the distur-

bance and subseque nt h i g h  morta l i ty (F i gure 70). The later , or second ,

phase of success ion was characterized by another group of po l ychaetes that

had different life history characteristics. They were usually larger spe-

cies w i th a longer generation t i me (Table  7), less available larvae (Table

6) and l ower mortalit y rates. As a result of these characteristics , they

ma inta i ned smaller populations that were less variable over t ime (Figures

73 and 74). Earl y and l ate po l ychaete colon i sts could a l so  be ranked a long

a continuum in regard to life h istory parameters (e.g., Grass le and Grass le ,

1 974) or subdivided i nto more than two groups of colon i sts (e.g., McCal l ,

1975). The observed successiona l sequences have been divided i nto two

phases pri marily for convenience but also to emphasize the more fugitive —

(Hutch inson , 1 951) or transient nature of the earliest colon i sts.

Periodic mol l uscan sett l ement (primarily biva l ves) was always followed

by almost comp l ete mortalit y, and none surv i ved to adult size. The biva l ves

di ffered from the early po l ychaete colonists in that they settled through-

out the study period with little apparent re l ation to the experimental dis—
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Fi gure 72. Variati on in mean abun dance of some po l ychaete co l onistsat P—3. Disturbances are indicated by arrows.
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Fi gure 73. Variation in mean abundance of some po l ychaete colon i sts
at P—3. Disturbances are indicated by arrows .
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turbance (Flç ~ure 75). Sett l ement of Tresus n utta llil and Te lil na modesta.

was h ighest. Crustaceans were numerically unimportant co l on i zers.

Approxi ma te ly  30 cm of dredge d mate r i a l  acc umu late d on the submar i ne

ridge station during the 1971 disposa l and about 15 cm in (974. A similar

amou nt was pro babl y depos i ted on the adjacent canyon walls. This l oca l accre—

t ion  apparent ly  mod i f i e d  the sur round i ng topograp hy to suc h an extent that

— sediment movement across the ridge area increased abnorma l l y dur ing the

per iods of more active substrate moti on (i.e., late fal l and 1’inte r). As a

result , the dred ged mate r i a l  was q ui c k l y  covered by san d or moved off  the

r idge  and was on l y  detectable in 197! for a short w hi le a fter the d i sposa l

experiment (Table 12; hi gh silt and clay and carbon).

During the fall and w inter of 1 974— 1 975, the spion id po l yc haete , Dis p lo

uncinata , was also found on the ridge station . These individuals were juve—

n i les and probabl y settled from t he plankton  but may have been transported

by creeping sediments after settlement in shallower water. Regardless of

their mode of co lon i zat i on, C. uncinata only occurs in relat i vely shallow

water or in unconsolidated , s h i f t i n g , coarse sediment , an d its presence at

P—3 undoubtedly indicates a less stable substrata . In late January 1975,

the ridge station was occup i ed by many of the early co l onists and D. un ci—

nata. The transition to the later successiona l phase was coincident with

decreased sed i ment movement during the relative l y ca lm port ion of the year

(i.e. , late sp r ing , summe r and e a r l y  fal l ).

The number of spec i es, heterogeneity (H’) and equitability (J) re-

covered quite rapidl y af ter  both dis turbances (Fi gures 76 and 77) and re—

mained hi gher than trie 1 971 pred isturbance l evels. Although tota l anima l

density was more variable , it seemed to recover at a similar rate (Fi gure

I- lB
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70). As expected , t he rank order of species abundance was even more variable.

Fluctuations in re l ative abundance patterns often increased with Increasing

physica l environmenta l disturbance and were exaggerated by forms that co l on i zed

vIa pelag ic larvae (Chapter 2).

It can be conc l uded , therefore , that succession was comp leted w i t h in a

year and that the basic recovery sequence was the same after both disturbances .

Furt hermore, the “stable end states” we re characterized by rather v a r i a b l e

species compos i t ion and ab undance patterns that were re l ated to a v a r i a b l e

physica l environment. The rate of succession was intermediate between the

rates observed in  t he northern s a n d f l a t  experi ments , i.e. , somewhere between

N—2 and N— 3, Chapter 3. These resu l ts support the previous  conc lus ion

that community resilience is dIrectly related to the environmenta l distur-

bance reg i me and the nature of the associated bottom fauna.
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CHAPTER F I V E

HARBOR DISTURBANCE EXPERIMENTS

The Moss Landing Harbor Is a coasta l estuary that receives fresh

water f rom the Old Salinas River Channe l and Moro Cojo Slough (Fi gure 2 ) .

There is a d istinct gradient of environmenta l variability from the ma i n

entrance channel to the back harbor. Industrial water pumping, boating and

f i s h e r y  a c t i v i t i e s  and v a r i a b l e  i n p ut of organic  wastes an d other nu t r ien t s

resu l t  in  a complicated b ut gradationa l aq uatic environment.

In Aug ust 197 1 , an area of harbor bottom was e s s e n t i a l l y  defa un ated by

dredg ing in order to study the pattern of benthic succession . In August

1974, a l ocation adjacent to the f i r s t  study s i te  and two stations a long the

harbor channe l were excavated in a similar manner. The 1 974 field experiment

was desi gned to test two major hypotheses : (I) benthic successiona l pat-

terns are s imi lar  when the season , location and type of disturbance are simi-

l a r ;  and (2) bent h ic recovery rates are hi gher i n communities found in more

variable environ ments.

Met hods

In August 197 1 , a c l a m s h e l l  dre dge removed a sandy shoa l at the bend

in the Moss Landing Harbor Channel (Figure 2). The area of shoa l was cut to

channel depth for a considerable distance into the channel wall , removing

essentially all  the macrofauna . The experimenta l site was established in

an area where approximately I m of bottom material had been removed and away

f rom the influence of slump i ng channe l wal l s (HS—8 ; Fi gure 2). I- med i ately

after  d r e d g i n g ,  the station l ocation was surveyed and permanently marked by

divers .
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In August 1 974, a nearby area (H—3) was dredged In a similar manner.

In add i tion, two other sites were dredged along a channe l axis (H—2 , H—I ).

I t  was not possi b le to contro l the 1974 d is turbances  as w e l l  as t he e a r l i e r

one; therefore , defaunation was not as comp l ete. These stations were also

established and permanently marked by divers and sed i ment and infauna l samples

were taken and processed as described earlier. Larva l settlin g jars were in-

stalled at each station and collected as described In the Appendix.

Har bor Envi  ronment

The back harbor (H—I) has a more va riable physica l environment than the

entrance channe l w h i c h  i s h i gh ly i n f l u e n c e d  by offshore mar ine  cond i t ions

(Table 13). More than ten times the vo l ume of water of the south harbor is

pumped da ily by loca l industries and subsequently discharged offshore . The

pump i ng stations are l ocated nearest to H—3 and produce a net flow of marine

water into this reg ion of the harbor (Smith , 1 973). The main entrance chan-

nel and the bend area are also swept by much stronger currents (up to 80 cm!

sec) than the back harbor , and , conseq uen t ly , the bottom is  composed of

coarser sed i ment (Table II).

There are often f i s h rema i n s , o i l and other deb r i s  traceable to man ’s

activity in and on the water in the back harbor (H—I). Tida l currents are

mi l der , water exchange with the outer harbor is re l ative l y low and t u r b i d i t y

is always high. The Ol d Salinas River Channe l and a tributary , the Temb l a—

dero Slough , rece i ve domestic sewage and loca l drainage from fert ile agri-

cultura l tillage and drain into the back harbor. Many areas in the back

harbor are relatively shallow due to reduced currents and high sed i mentation

rates. As a resu l t , boats often resuspend bottom sed i ments or actually

gouge the bottom, especially during low tides. These disturba nces do not
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occur at H— 3 and probably occur only rarely at H—2.

The net effect of industria l pumping near the outer harbor and reduced

diffusion rates in the back harbor (Smith , 1 973) is to accentuate the en-

vironment gradient along the south harbor channel. At one end of the gra—

dient (harbor entrance channe l , H—3) is a less variable , more marine situ-

ation and at the other (back harbor , H—I ) a more variable , estuarine environ-

ment, which is also hi gh ly stressed by man ’s act i v i t ies .

1971 Disturbance (HS—8)

The 1971 pre—d i sturbance infauna was numerically dominated by o l i go—

chaetes , th ree spec i es of cap ite l l id polychaetes (Notomastus tenuis , Medio—

mastus californiensis and Heteromastus filobranchus ) and biva l ves of the

genus Macoma. The ol i gochaetes were most abundant but accounted for l ess

than 1 /20t h of the b i omass of the second most abundant ani mal , N. tenuis.

Large sip hons (diameter 2—3 cm) of the suspension feeding biva l ve , Tresus

nu t ta l l i i ,were present in low dens i ty  and s m a l l  patc hes of macr oal gae

(Graci lan a, Ulva and Enteromorpha) also grew on the bottom during the summer

and fall.

The dredg ing removed essentially all of the benthic fauna. Most of the

a n i m a l s  present d i rect ly afte r the dredg i ng (Septe mber 1971) were recently

sett l ed Armand la brevis. The order of occurrence of the early colonists is

shown in Table 14. The early phase of succession was characterized by the

sett l ement of t he po l yc haetes , ç~pJte l Ia capitata and A. brevis.

In March 1972 , there was a large recru i tment of the phoron id worm ,

Phoronopsis viridis. Al l  of these individuals were small juveniles (< I cm in
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length) that reached adult size by June 1972. The population incurred 27%

morta l i ty f rom Marc h to J une , oO% mortality from June to September and 60%

from September to December 1972. The hi gh morta l i ty rates a fter June  were

probabl y related to predat i on by t he nu d ib ranc h , Hermissenda crassicornis.

In l ate J une , the predators occurred at the phoronid patch in the hi ghest

density ever observed by the i nvest i gators an d the i n d i v i d ua l s  wore extremely

large for the species (3—5 cm), suggest i ng an abundant food supply. H. crassi—

cornis consumed P. vi n idis in the laboratory , and the field observations

strong l y support the contention that they are I mportant predators in nature.

It is interesting to note that dense populations of P.vi ni d i s are normally

o n l y  found in the very hi gh intert i da l zone i n the nort h harbor and E l khorn

Slough. Adult abundance patterns may be strongly influenced by l ower inter-

tid al and subtida l predators like H. crassicornis. P. vi n idis has a dis-

t i nc t  seasona l b reeding cycle  and spawn i ng occu rred i n the s p r i n g  (Ratten—

bury , 1953; Fi gure 78). In April 1973, the next breed i ng season , there was

a second large recru i tment of P . v i n idis into the existin g patch at HS—8.

At the same time , there was essential ly no phoronid recru i tment into an un-

d isturbed contro l area l ocated in the center of the entrance channel. The

f i r s t  recru i tment ep i sode (1972) was three t imes larger than t he second

(1973). Thus, P. v ini d i s larvae appeared to be attracted to the adults but

settl ed in fewer numbers presumably because of space limitations. During

the second year , mor ta l i t y  was h i g h e r  an d o n l y  a few a d u l t s  remaine d by the

follow i ng winter (December 1973). D u r i n g  the th i rd breed ing  season (spr i ng

1974), there was even lower recru i tment and surv i va l (Fi gure 79).

Thus , a dense population of P. vi ni d i s , a tube—building suspens ion

feeder , was establis hed In the spring of 1972, incurred h i gh m o r t a l i t y , re—
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cruited during the next spring and gradually disappeared. The first phoro—

nid settlement occu rred w hen the mot i le  depos i t feeder , Armand ia brevis , was

present in a relatively high density (Figure 80). The subsequent decline in

the number of A. brevis may have been re l ated to the reduct i on of space, as

P. v in idis constructed tubes and grew. (By June (972, t here were 60,000 large

adults per m
2.) Wood in (1974) demonstrated that the experimenta l exclusion

of anot her tube bu i l d e r  resu lted i n a s i gn i f i c a nt i ncrease in the n umber of

A. brevis. Woodin ’s resul t s  supp ort the hypothes is t hat t ube b u i l ders are

superior compet i tors for space.

Neit her C. cap i tata nor A. brevis settled in the experimenta l area once

the phoronid patch was established; however, both species settled per i od i ca l l y

after the patch breakdown (Figure 80). During the entire period , neither spec i es

sett l ed at the undisturbed channe l contro l site. Other early colon i sts, includ-

ing P. pyqmaea, N. cornuta, C. brev i pa~p,~~ P. bicana liculata and P. cirnifera,

settled i nto the phoron id bed and roost had a second peak in abund ance after

the patch decline. Thus , the recovery of the 1971 pre—disturb ance fauna was

retarded by the presence of the P. v in id i s patch. After the patch breakdown ,

each of the pro—dredg i ng dominants or later co l on i sts showed a marked in-

crease in abundance (Fi gures 81 and 82).

Sett l ement of a n umber of b i va l ve spec i es occu rred t h rough out the study

period . In most cases, a peak i n the abundance of j uven i les  was f o l l owe d by

almost complete mortality . The only exception was a member of the pre-

dist urbance fauna , Macoma nasuta. The crustaceans were not numerically

important colon i sts at HS—8.

Var iations in the tota l number of individuals were dominated by P. yin —

d i s  du ri ng ear l y  success i on . Changes i n po l ychaete , crustacean and mol l uscan
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density (PCM) were dom i nated by the po l ychaetes. The largest number of

species occurred when the phoronid patch was maxim ally deve l oped (June

1 972) and remained re l ative l y hi gh thereafter (Figure 83). Most of these

species were present in low abundance , however. Decreases in spec i es diver-

sity or heterogene ity (H’) and species evenness (J) pri ma r i l y  reflected the

numerica l dominance of one or a few species.

1 974 Disturbance (H—3)

Th is stat i on was composed of f i ne sand w i t h  a h i g her s i l t / c l ay f ract ion

than HS—8. The dredg ing d i d  not change the gross phys ica l character is t ics  of

the sed i ment at any of the har bor stat ions , except for a s l i ght increase in

the sand fraction of the two outer stations (HS—8 , H—3) directly after

dredg ing  (Table II).

Prior  to dred g ing ,  the H— 3 infauna was similar to that at HS—8 and in-

cluded cap i te ll i d  polychaetes (Cap itella capitata, Notomastus tenuis , Medio —

mastus ca l i forn iensis ) ,  Arrnandia brevis , oligochaetes , nematodes and Macoma

spp. (mostly N. nasuta ). All  of these forms are deposit feeders or rela-

tively mobile croppers.

The dredg ing removed most of the fauna from the experimenta l area and

was f o l l o w e d  by the sett l ement of the opportun i st i c po lyc haetes , A. brov i s

and C. capitata. Capite l la cap i tata was the only abundant pre—disturba nce

species also present after the dredging (i.e., in September 1 974); however,

all of these individuals were quite small relative to the pre—disturbance

population . The largest peak in tc~al dens ity was due to A. brevis (80% of

tota l PCM) in December 1974. Most of the variation in tota l density was

caused by the po l ychaetes , especial ly A. brevis and C. capitata , and the
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larger peaks in their abundances were non—comp l ementary (Figure B4). ~~~~~~~

tis brev i palpa , Nephtys cornuta and Eum ida tubi formis were less abundant

early polychaete colonists (Table 14) that had a distinct density peak in

December 1974. PI-atynereis bicana li cu lata was abundant in December but was

most abun dant in l ate February 1975.

The number of A. brevis and C. capitata decreased to pre—disturbance

l eve l s  by May (975 and September 1975, respect ively. There was not, however,

a complete recovery of the o t i gocheetes (27 ,000/rn2, pre—d i sturbance; 1 ,700/rn2,

September 1975) or the other abundant pre—disturbance po l ychaetes, Notomastus

tenu is and Mediomastus ca l iforniensis. Heteromastus filobranchus was abun-

dant in und i sturbed harbor areas but did not reach an equal abundance at

H— 3.

There was a gradua l increase in biva l ves until a l arge sett l ement of

severa l species occurred in September 1975. The most abundant of these was

Te ll ina modesta, which often settles in large numbers and subsequentl y in-

curs extremely high mortality (see Chapter Two). In contrast, Macoma spp.

increased at a very steady rate but had not reached the pre—d i sturbance

l eve l by September 1 975.

Thus , the early phase of recovery invo l ved the sett l ement of severa l

pol ychaetes. Armand ia brevis and C. capitata periodically sett l ed in large

num bers until May 1975; a number of other po l ychaete species settled and

subsequently experienced re l atively h i gh mortality rates. A large number of

T. modesta settled in Septemb~ r 1975 , but based on p rev ious  pat terns , these

proba bly surv i ved only a short wh ile. The pro—disturbance po l ychaete, o h —

• gochaete and biva l ve populations were not re—established one yea r after dis-

turbance.
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Variations In the number of species were dominated by the po l ychaetes.

The sli ght increase from May to September 1975 was due to the bi va l ves (Fi g-

ure 85). Species divers i ty or heterogeneity (H’) and species equitability

or evenness (J ) experienced a large decrease after the disturbance due to

numerica l dom i nation by a few species. Both generally increased with time

but fa iled to reach pro—d i sturbance l evels (Figure 86).

1 974 Disturbance (H—2)

The pre—disturbance fauna at H—2 was si milar to H—3 with regard to some

polychaetes. The capitel h ids , Heteromastus f i l o b ranc hus an d Med iomastus

californiensis , were the most abundant species. Oligochaetes and biva l ves

were rare; the nematode density was lower (H—3:9,000/m
2; H—2 :2,000/m

2).

The dredging at this station was not as complete as that at H—3; there-

fore, an i mal surv i val  was hi gher and more patchy. Neverthe ess, t he ea r l y

phase of succession was similar -to H—3 and the variation s in the tota l num-

ber of i nd i v i d ua l s  (PCM) were aga i n du e pr ima r i l y  to t he pol ychaetes , espe-

cially Capitella capitata and Armandia brevis (Fi gure 87). The largest peak

in  dens i ty  was i n Feb ruary 1 975, when both of these species were most abun-

dant. Capite lla capitata was always more abundant than A. brevis. The lat-

ter decreased to a very low pop u l a t i o n  s i ze i n May an d the for mer reac hed a

s i m i l a r  low by September 1975. This pattern of decline was identica l to

that at H—3. However, the larger  dens i ty  pea ks in both species occu rred

earlier and A. brevis was always the numerica l doriinant at H—3. Furthermore,

Nephtys cornuta, Eumida tubiformis and Gyptis brevipalpa had distinct abun-

dance pea ks i n Febr uary 1975 , rather than in December as they did at H—3 .
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In contrast , t he abu n dance peaks of P l a t ynere i s b i cana l i cu la ta  were t he

same at both stations.

Because of t he patc hin ess of t he ini t i a l  d redg i ng d i st u rba nce, a fa i r

number of large H. fi lobranchus were present in the first post—dredging

samp l es and , w i t h i n  severa l months , they reached their pro—d i sturbance den—

sity . The main po l ychaete fauna at H—2 was essentially re—established be-

tween May and September 1 975.

Sett l ement of severa l species of b iva l ves i n  September 1975 i nvo l ved

about 1 /10th as many individuals as the corresponding H—3 sett l ement. Pro-

bab ly few of these animals surv i ved . The mud at H—2 is too soft to support

the wei ght of most adult biva l ves.

Variat ions in the tota l species (PCM) were primaril y due to the poly—

chaete species , except i n September 1975 , when a large number of biva l ve

species settled (Figure 88). Species diversity or heterogeneity (H’) and

spec i es equ i tab i l i t y  or evenness (J ) did not f o l l o w  any s imple  trend that

- 
could be eas i l y  re lated to the genera l pattern of succession (Figure 89).

The low val ue i n May was d ue to a very large number of C. capitata in one

core; the hi gh In September 1975 was caused by a decrease in polychaete

numerica l dominants and the sett l ement of severa l biva l ves in low numbers .

The early phase of succession invo l ved the same species of pot y—

chaetes at both H—2 and H—3 (Table 14). A l ater sett l ement of biva l ves also

occu rred at both stat ions, though it was much reduced at H—2. However , in

contrast to H—3, the pro— disturbance assemb l age at H—2 had basically re-

covered between May and September 1975.

14 1

- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- — - - - ______________



_ _ _  _ _ _ _ _  - -

I I I I I

~~~~-4 I I

—• 1 7 4 ~~4 -z oo
/ C

‘4- 0
0 ---

• -~~~~~ 4-

(‘4

0 0 )
(D V

• - 0.
U) 0

C.

- C
( D ( 0 .
0 + - a )

U) %
0 (0 C

C.) U) O V C D
- 0. ‘4 ~~~~~ C C . 0

.— ‘4 D ( 0 C.
— I.I.i .0 Do 1 (D C -I—
Z I ( 0 ) )

I ~ C a ) . —- / - •-E 0

I C U)

~~~~

1 

0 U) 0)
~~ --- 0 -I-

- •~~~~~~N . -(- U) CD
0) I D D O

C . — 0
(D O C

- D

- U) 0)
C.
D
0)

I I I I LI.
LU 0 0 U) 0 U) 0
I’) Cm (‘4 (‘4 — —

~~~ / sapads

42

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--



(1)
4- ID

.0

I

~~ 

U, 0
. 0 0 ) C

•.~ - ‘D L

— 4 ) 4 -
U,

= > - C .~~—
too
( D > - U,

~~~~~~~

~C D
L W O
~~ 

C.
U , C .

>- -a, -<
-I - —-,
U) 0)

= C. 0.~~~W U ) I
> =

U.. V C - 4 -
(0 (0

U,
(1) X V

0) 0
— 00

a, C 4-II
E

I 0 C 0 ) D
I — > 0

I 

( 0 -
U , Q )  0)

C
-4-00)

(0. (D C - C

- ON . — C - I -
0)) C. ~~.— 1 0 C

ani~~ xapu i~

143

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—---~ —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_- - -

1974 Disturbance (H— I)

The back harbor area (H—I ) had -the least comp l ex bottom community prior

to dredging. The po l ychaetes, Streblospio benedicti and Dorvi I lea articu —

lata , were the onl y common forms there . Some of the same capitellid and other

po l ychaete species were present at H—I but in much l ower numbers than at the

other harbor stations. Oligochaetes and nema todes were ~is abundant as they

were at H—3 , but biva l ves were rare.

The ea r l y phase of succession was numerica l l y dominated by A. brev is

and C. capitata (Figure 90). A few other po l ychaetes sett l ed but in rela—

tively low numbers and never established large populations. The peak in abun-

dance of A. brevis was greater and preceded that of C. capitata . This pat—

tern was similar to that at H—3; however, the major settlement ccLurred later

and invo lved fewer ind iv idua ls  at H—I .

Except for the presence of A. brevis and C. -~~i~~ ii i  t - -~ ~r.~-~ i r ~ arce

po l ychaete fauna was re—establ ished in sever a l ‘-
~-~~~~-~~~

- - .  On - - t e r  ~ the

abundance of oligochaetes and nematodes in 3epter~ter I ~~~ ~~~ ~~~ ~ - r ~h~~n

the pre—disturbance l evels.  The number of spec ies recover - e~ ~i” i~ severa l

months , although there was no s imple pattern in the i nd i c e s  0 s~ e- ieS

diversit y (Figures 91 and 92) .  Thus , the genera l succession appeared tc te

comp leted sometime between May and September 975.

D i scussion

Recovery following the 197 1 and 1974 disturbances in the outer harbor

(H—3 and HS—8) was similar in severa l respects. The same group of early

po l ychaete co l onists characterized each succession , alt hough the ir order of
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occurrence and subsequent mortalit y rates were somewhat different (Table 14).

In add it ion, the pattern of settlement and subsequent h igh mortal i ty of most

biva l ve species was similar. F i nall y, the later recovery phase Involved the

re—establishment of similar pre—d i sturbance dominants . The l ate phase was

only beg inni ng at H—3 one year after the 1974 disturbance , and it was retarded

at HS—8 by the establishment of a phoron id patch .

The two successions differed in one major concern. A large patch of

Phorono-~~ c viridis was established and maintained for more than a year at

HS—8, but P. vi rid i s was never abundant at H—3. The eventua l break up of the

patch was probably caused by at least one significant predator, the nudibranc h

Hermissenda crassicornis. After the decline in the P. viridis population ,

the pattern of succession at HS— 8 was very much like that observed after the

in i t ia l  dredg ing disturbance (August 197 1) .  The same group of early poly—

chaete co l on i sts sett l ed and thereafter experienced a character i st i c a l l y

hi gh mortality . Some of these species settled into the phoronid patch , but

the most opportunist ic species (A. brevis , C. capitata) onl y sett l ed before

and afte~ the patch’ s presence , though the i r larvae were abundant  in  the water

column and a va i l a~ Ie for settl ement during the en t i re  per i od (Fi gures 93 an d

94).

The successful establishment and maintenance of the P. viridis patch

may be considered a “s table  p lateau ” in succession . It was not a stable end

state, nor one of severa l possible stable po i nts (Sutherlan d, 1974), but rat her

a t r ans i en t  assemblage that d i d  not , and probably could not, pers ist. Al l  of

the dense patches of P. viridis in the harbor and slough are located in the

high i ntert i da l sand and mud flats . Their absence In subtida l areas and the

nud ibranch feeding observations suggest that predators restrict dense popula—
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tions to hi gh I ntertida l refug la. Neverthe l ess, this “stable plateau ”

- effectively prevented the re—establishment of pre—d i sturbance infauna and

thereby slowed the rate of recovery. The pre—d i sturbance populations had

essentially recovered by March or September 1 974; therefore , succession took

three years to comp l ete at HS-8.

It is not known why a dense patch of phoronids did not form at H—3 In

1975 , but it may have been re l ated to differences in the initial disturbance.

The 1974 excavated site (at H—3) was smaller and closer to undredged areas of

potential slump i ng than a-I- HS—8. Phoronopsis viridis may prefer not to settle

in l ocations where large deposit feeders are nearby. In contrast, at HS—8 a

large area was essentially defaunated and the o n l y  a n i m a l s  present were sma l l

surface deposit feeders. The absence of P. viridis at H—3 may also have been

related to the proximity of industrial water intake pumps. Their net effect

mi ght be to isolate this area from the centra l slough where most of the

phoronid larvae originate . On the other hand , HS—8 is l ocated in the entrance

channel , which is si mply a continuation of Elkhorn Slough (Fi gure 2).

In  summary, the successiona l patterns after both the 197 1 and 1974 experi-

menta l disturbances involved many of the s~me species but were grossly dis-

similar because of the recruitment and surv i va l of a dense population of P.

viridis. Earl y pol ychaete colonists responded to the break up of the phoro—

nid patch as if it were a disturbance and the rate of recovery of the pre—

disturbance infauna was much longer in the presence of P. v i r idis (HS—8, three

years; H—3, probably two years).

Interpretation of the successional pattern following the 1974 dredg ing

was complicated by differential disturbance . The outer harbor (H—3) and

back harbor (H—I) stations were dredged relatively clean but not so well as
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HS—8. H—2 was dredged most unevenly and many more large animals were present

af ter  the dredg ing, proba bly because of slumping. Nevertheless, t he main

hypothesis could still be tested. It pred i cted that the rate of commun i ty

succession (i.e., recovery from disturbance ) or community resilience (i.e.,

rate of rebound ) increases with increasing env i ronmenta l var~abiI ity or phy-

sica l stress. The two inner harbor stat i ons recovered at the same rate; how-

ever, H—2 was less disturbed than H— I . If the disturbance at H—2 had been

more comp l ete, the authors pred i ct that H—2 would have taken longer to recover.

This is not an i mportant point , since the dredg ing disturbance at H—3 and H—I

was similar and these stations are l ocated at the extremes of the environmenta l

grad ient. The pre—disturbance fauna at H—3 was not re—established by the end

of the study. By comparing HS—8 and H— 3, it  can be estimated that recovery

at H—3 wi l l  be comp l ete within two years. Thus, even by ignoring the H—2

stat i on, the results support the hypothesis that commun i ty resilience and

env i ronmenta l variability are pos itively correlated.

The va r i a t i ons  in  the 1 974 success i ona l patterns a long  t he souther n

channe l were gradat i onal. The inner harbor stati ons (H— I and H—2) had few

biva l ves, and there was a gradient in their settl ement along the channel.

Only the most opportun i stic po l ychaete species settl ed at H-I , but the gen-

era l sequence was similar to H—3. Many of the same po l ychaetes colon i zed H—2

and H—3, and the pattern of succession was grossly similar at the two sta-

tions (Table 14). The variations in the peak abundance of Capite lla ~~pj—

tata and Armand ia brevis could not be explained by variation s in the avail—

abi l i ty of larvae above the bottom. Larva l jars were position ed at each sta—

tion and the pattern of sett l ement into these was quite similar. It is sus—

pected that some of the variation among stations was related to uneven di g—
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ging and small—scale slump i ng during the dredging. However, larvae can also

respond to differences In sediment size, deposi t ion or scouring and other

factors.

The large settl ement of Armandia brevis at HS—8 in December 1 973 and

1974 may be related to mild sedimentation at that time . Suspended solids

were very h i gh during the winter runoff period and reduced currents near the

channe l edge may have resulted in periodic deposition at HS—8. Armandia bre-.

vi s generally preferred to settle in experimenta l containers that allowed a high

rate of deposition of suspended particulates (Table 10) and may settle on the

bottom If a thin l ayer of new deposit is present. In contrast, C. capitata

probably prefers even more disturbed habitats and thus settl ed only in low num-

bers after the phoronid patch break up. In fact, the results from larva l set—

tlement experiments suggest that the larvae of more opportun i stic species (i.e.,

early colonists ) sel ect disturbed habitats. In these experiments , azoic , air—

dried sed iment was heat treated (130° C for five hours) and placed in the

larva l settlement conta i ners w ith an azoic , air—drie d sed i ment that was not

heat treated. The results showed that C. cap i tata had a strong preference for

the heat—treated sediment; A. brevis had a slig ht preference for the air—dried

sediment; and Polydora social Is showed no preference (Table 15). Heat treat-

ment was a further d isturbance of the sed i ment, but it  was not clea r how it

related to the C. cap itata preference. One hypothes is is that this particular

opportunistic spec i es is very sel ective for “disturbed” habitats. This ex-

periment is not presented as a test of this hypothesis but rather as a highly

suggesti ve, pre l iminary result that may prove to have genera l implications.
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CHAPTER SIX

GENERA L DISCUSS I ON

Natura l disturbances of marine bottom communities are common and can

have a profound effect on community organization . A primarily unidirec-

tiona l disturbance (I.e., wave— i nduced substrate motion) appears to be a

major cause of shallow water zonation patterns along the open coast of western

North America (Oliver et al ., M.S.). Periodic occurrences of storm waves,

variations in wave length and direction of arriva l and strong long—shore and

rip currents affect zona l patterns on severa l sca l es (e.g., seaward and

shoreward mi grations of Dendraster and amphipods , per iodic  recr u i tment of

larvae followed by high morta l ity , holes ripped in Dendraster beds, extensive

bottom erosion to depths greater than 10 m, etc). Regions near the heads of

submarine canyons that come close to shore are part icularly dynamic environ—

ments. Accumulation and movement of sediment and other material are common.

Topog raphic  changes , inc l ud i ng large s lumps , occur over short time periods

and resul t  in high benthic anima l mortality (Chap ter 4). Although phys i ca l

disturbances are usually more widespread , biologica l disturbances have also

been recogn i zed (e.g., Fager, 1964).

Physica l disturbances of marine bottom communities are not unique to

temperate coasts. Anchor ice format i on and uplift , slumping of steep sub—

marine slopes and i ceberg scouring are known to disturb shallow water marine

communities in the Antarctic (Day ton , 1972; Dayton et al ., 1 969, 1970 , 1974;

Oliver et al ., 1976). These disturbances result in distinct faunal zones —

that are both perpendicular (depth profile ) and parallel to the shoreline.

Iceberg scouring may also be common In certain shallow water l ocations in the
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Arctic (A. Carey, Oregon State Un iversit y, persona l communication ).

The genera l successiona l patterns following the various natura l and

experImenta l disturbances in Monterey Bay were primarily dependent upon the

nature of the adjacent, undisturbed communities (i.e., commun i ty structure

and variability and environmental variability ). Along the northern sand—

flat , large megafauna l an i mals moved into the deeper disturbed areas within

the first day (e.g., demersa l fishes with in minutes and starfish within

hours). The early phase of macrofauna l recovery was characterized by the im-

mi grat i on of h i g h l y  m o b i l e  groups of a d u l t  peracarid crustaceans and the

settl ement of the larvae of severa l spec i es of polychaetes that have opportu-

nistic life history patterns. In the canyon area and in the Moss Landing

Harbor , peracari d crustaceans are much less abundant and , therefore, did not

colon i ze the disturbed l ocations there. Thus, the early phase of succession

onl y included the opportunistic po l ychaetes. There was no consistent rep l ace-

ment of genera l trophic groups d u r i n g  the various successions. The second

phase usuall y i nvo l ved a gradua l recol on i zation by the species that occupied

the area prior to the disturbance . These species were also abundant in ad-

jacent undisturbed areas. In one case, a relative l y unique assemblage formed

a “stable p lateau” that temporarily prevented the re—establishment of the

pre—d i sturbance community and increased the tota l recovery time by at least

a year.

Other workers have documented these same two major phases of benth ic

succession , although they were usually not i dentified as such (Saila et

al., 1 972; Rosenberg, 1972, 1 973; Grassle and Grassle , 1 974; Rhoads et al .,

1 975; McCall , 1975; Dauer and Simon , 1976). Sal la  et a l .  (1972) InvestI-

gated the colonizat ion of dredged material in Rhode Island Sound and observed
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large megafauna l an i mals and mobile peracarid crustaceans as well as the

more opportunist ic po l ychaetes during the early phase of recovery. Dauer

and Simon (1976) described the recovery of a sand flat area after defauna—

tion by red t ide and emphasized the role of adult migrat i ons, but early suc-

cession was st i l l  characterized b y the sett l ement of severa l , apparently

more opport un i stic , po l ychaetes. Grassle and Grassle (1974) i dentified a con-

tinuum of opportunistic po l ychaetes and McCall (1975) divided the polychaete

co l on i sts i nto three major groups. The authors chose to dist i nguish only two

phases of success i on to emphasize the difference between many earl y and late

colon i sts. In particular , the early colon i sts responded readily to dist ur-

bances but were rare in the undistu rbed or re—established assemb l ages. It is

i nteresting that even in re l ati vely remote Antarctic soft—bottom communities ,

the early phase of co l on i zation of experimenta l azoic substrata and natura l

bottom areas scoured by icebergs was also characterized by mobile peracarids

and opportunistic po l ychaetes (persona l data).

Plankton tows , f unne l t rap data and morpho l og ica l characters ind i cate

that the early peracarid crustacean co l on i sts are relatively act i ve swimmers .

The first polychaete colon i sts are characterized by high larva l availability

(frequent and abundant in larva l jars), short generation time and hi gh

natural mortality rates. There is also a tendency toward smaller clutch size

or lower fecundity per generation , sma l ler anima l s ize and higher incidence

of known b rooding behavior  w i t h in  th i s group of earl y pol ychaete colon i sts.

There is a positive corre l ation between the order in which polychaete species

co lon ized a d isturbed area and the i r ran k order as determined by severa l of

these life history parameters. Grassle and Grassle (1974) and McCall (1975)
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documented a similar relationshi p involving some of the same species in pro—

tected bays on the eastern coast of North America . Connell (1972 ) reviewed

the process of community deve l opment or succession in marine rocky inter-

tida l communities and conc l uded that the sequence of reco l oniza-rion is mainly

a ref l ection of the life history characteristics of the colonists. Foster

(1975) came to the same basic conclusion but , in particular , emphas i zed dif-

ferences in generation time and growth rates in experimenta l studies of alga l

succession in a subtida l kelp bed. Fug itive or opportuni stic species were

the f i rs t  colonists in areas cleared by Dayton ( 1975 ) in a s i m i l a r  system.

Thus , the sequence of succession is hi ghly dependent upon the l i f e  history

characteristics of the colon i sts in most marine communities which have been

studied. This is probably also true for many terrestrial plant communities

(Horn , 197 5) .

The lack of informat i on about anima l interactions in soft—bottom com-

munities severe l y limits an assessment of their role in succession . Compe-

tition and predation are known to affect the pattern of succession after

various experimenta l perturbations in rocky intert i da l commun ities (e.g.,

Dayton, 1 971). Predation by a nudibranch caused a major change in succes-

sion after the establishment and successful maintenance of a large patch of

a phoronid worm in one harbor area (HS—8). Phoronids are tube—dwelling, sus—

pension feeders which probab l y l im it the act iv it ies and , thus , the numbe rs of

mob i l e  deposit feeders by monopolizing available space (Woodin , 1974). This

was further ev idenced by the increase in density and biomass of deposit feeders

after the phoronid patch was destroyed. There are undoubtedly many obligate

interact ions that become increas ing ly important later in succession . One

well—known examp le of t h i s sort of i nteract i on is the dependence of s m a l l
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s a b e l l i d  po lychaetes on the r e l a t i v e l y  sta b le mounds produced by a large

depos it—feeding ho l othuroid (Rhoads and Young, 197 1 ). As expected , the

number of known commensa l forms increased wi th  t ime during a l l  the loca l

successions. It is also often presumed , but still undocumented , that the

reduction in abundance of early colon i sts is related to inter-specific com-

petition with l ater co’on i sts. Thus, though few direct observat i ons of ani-

mal i nteractions are available , they are probably quite important in deter-

mining benthic succession patterns.

Another biolog i ca l phenomenon about wh i ch very little is known but which

is the subject of formidable speculation (Wilson , 1958; Thorson, 1 966;

Woodin , 1976) is the recruitment of marine soft-bottom i nvertebrate larva,~.

The larva l choice exper i ments in this study he l ped exp l a in certa in var iat ions

in larva l sett lement patterns during succession . In particular , Cap i te l la

cap i tata was conspicuo usly absent along the offshore disturbance gradients ,

while present at the canyon and harbor sites and abundant in the water column .

Both C. cap itata and Armandia brevis showed a dist i nct preference for fine

sed iment in choice experiments but a much hi gher proportion of tle latter set-

t led  in  the coarse , sh i fting sediment as compared to the former. Consequentl y,

A. brevis sett l ed along the offshore disturbance gradients and its sett l ement

pattern could be e x p l a i n e d  by larva l substrate preferences. The successful

ma intenance of the patch of Phoronopsis v i r i d i s  at HS—8 was probably achieved

by the gregar ious settl ement behav i or of their larvae. Fina l ly, the resul ts

of one ser ies of larva l se lect iv i ty experiments suggested the hypothesis that

the larvae of some opportunistic polychaetes may be h ighly select i ve for dis-

turbed substrates. More experiments need to be performed to document the

generality of this pattern ; however, if the hypothesis is correct, larva l
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settl ement behavior is much more important in  determining benthic succes-

siona l patterns than has been previously suspected .

Th is study has established that natura l disturbances are common In nature

and that the pattern of benthic succession (i.e., recovery from disturbance )

can be divided i nto two genera l phases. This gross pattern is primaril y deter-

mined by the mobility patterns of the crustaceans (when present) and by the

life history characteristics of the po l ychaete col on i sts. There is also

good evidence that ani mal  interact i ons and larva l recru i tment patterns are

important during succession . Rhoads et al. (1975) discussed the effect that

physica l and chem i ca l changes in the sed i ment have on benthic succession in

a muddy habitat. Their results are undoubtedly relevant to the protected

back harbor areas but are probably unimportant in the sh ifting, re l at ive ly

clean sand bottoms offshore.

Grass le and Grassle (1974) found that the leve l of opportunism of the

pol ychaete colon i sts (determined by relative mortality rates) was related to

their occurrence in t ottom areas that were d i f f e ren t ia l l y d isturbed by an o il

sp i l l .  The most opportunistic species were found in the most disturbed areas

( lowest d ivers i ty) ;  intermediate opportunists on the less disturbed bottoms,

and so on. As noted earlier , this pattern may be highly dependent upon lar-

val substrate sel ectivity. A similar relation was observed between the se-

quence of succession and the distr ibution of species along the offshore gra-

dients of natura l environmenta l variab i l i t y. Polychaete and crustacean spe—

cies characteristic of the more variable end of the gradient occurred first

in many successions. Those spec i es characteristic of less variable environ-

ments (deeper water) occurred l ater. Variations in succession along the
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w ithin depth experimenta l disturbance gradients were more complicated.

Nevert heless , spec i es occurrence i n succession and species distribution

along a natura l gradient of environmenta l variability were interre l ated.

Many ecol og i sts have speculated about the relationship between species

divers ity and community stabilit y (e.g., see the Brookhaven Symposia No. 22).

Community stabi l i ty  is generall y def ined as the a b i l i t y  of a community to re-

s ist or rebound after a perturbat ion . In this discussion , community s tab i l i ty,

commun ity res i l ience and rate of succession or recovery from d i stu rbance are

equated . The d iversity—s tab i l i t y  hypothesis predicts that more diverse

communi t ies  are more sta b le and thus , more resilient. Goodman (1975) re-

v i ewed the evidence t hat supports and refutes the hypothes i s and conc l uded

that t here i s “no simple relationship between diversity and stability in eco-

log ica l systems.” On the contrary, community resilience may actually de-

crease wi th i ncreas i ng d i versity, espec i a l l y after a re l atively severe dis-

tur bance l i ke dredg ing or disposa l (Watt, 1 964; Dayton, 1 972; May, 1973; Hol—

l ing , 1 973; Goodman , 1975) . In fact , the authors found a positIve correlation

between communi ty  r e s i l i ence , environmenta l stress and decreasing community

comp l exity (a qualitat i ve measure of species—species i nteract i ons based upon

many components of community structure). Hence, communities l i v i ng  i n  a h i g h l y

stressed and variable phys ica l environment (e.g. , s h a l l o w  water offshore and

the back harbor) were less comp l ex and recovered more quickly from experi-

menta l d is turbance than those in more ben i gn and less varia bl e areas (e.g.,

deeper water and outer harbor). In particular , wave—induced movement of

shallow water sed i ments is intense and highly variable and potentially dis—

ruptive to bottom communities. Communities inhabit ing these sediments are
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composed of species that can establ i sh and ma inta in popu lations when the

frequency and magnitude of natura l disturbance are high. The commun i ty is

dominated by early successiona l species because succession is continually

interrupted by physica l disturbance. Since these species must contend with

a high leve l of natura l disturbance and also represent an early successiona l

group, commun ity recovery ( res i l ience)  from the experimenta l disposa l was

rapid, relative to deeper water communities .

F i n a l l y ,  the follow i ng genera l eco l og i ca l information should be consid-

ered prior to the initiation of a l oca l dredging operation. At present,

limitations on disposa l are largely consi gned by the physica l and chemica l

characteristics of the dredged material. The nature of marine bottom com-

mun ities is often not considered in the management process. Since the

natura l disturbance reg i me appears to be very i mportant in determining

the ability of a benthic marine community to pers i st or rebound from a

relat i vely severe disturbance , it is recommended that an analysis of the

env i ronmenta l impact of a loca l dredging operation consider the nature of

the physica l environment and its relation to marine bottom communities. For

example , it has been suggested that dredged material should be taken beyond

the 1 00—fathom depth contour if certain physica l and chem i ca l “criteria ”

are above a predetermined level .  Yet , bottom commun it ies in these areas are

probably adapted to a rather low l eve l of environmenta l variat ion or distur-

bance and , therefore, may be unable to tolerate and read ily recover from a

d isposa l —related perturbation . This 1 00—fathom “r u l e ” has also been applied

for the “sake of consistency” in situat ions where there is re lat ively  good

ev idence -that disposa l in shallower water mi ght be less disrupti ve to the

bottom communities . In particular , the head of the Monterey Submarine Can—
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yon i s known to experience large topographic changes and to support a

re l atively sparse fauna that is adapted to an unstable substrate. In con-

trast, knowledge of the benthic fauna in deeper water (greater than 100

fathoms) is sparse, being l i mi ted to i nformat ion  on some f i s hes, i n c l u d i n g

a population of rare ee l pouts (Maynea californ i ca ). Clearly , within the

confines of present knowled ge, it seems more des i rable to place the dredged

material in the shallower reg ions of the canyon where it w i l l  be channeled

into deeper water via a natura l sedimentary system.

The type of disposa l method, water depth , currents and many other

factors difficult to quantify will  affect the physica l and chemica l char-

acterist ics of the bottom disturbance (see I nman and Brush , 1 973). However ,

estimates of these factors allow a pred i ct i on of the degree of bottom dis-

turbance. Once the estimate is available , the na tur a l d i s turbance  regime of

a proposed disposa l site and the nature of the associated bottom communities

should be considered. This is a simple , pre l iminary requisite that is pre-

sent ly poss ib le  and shou ld  be a si gnif icant step toward a more sound eco-

log i ca l management process.

Some i nteresting work on the re l at i onship between the disturbance char-

acteristics of the environment and the structure of estuarine communities

has been done in Coos Bay, Oregon , by Slotta et aI . (1974). They asked some-

what different questions of a large estuarine system but conc l uded that

the environmenta l disturbance reg i me has an important effect on bottom com-

mun i ty  structure and must be considered i n any proposed m o d i f i c a t i on of the

system (e.g., dredging or disposa l ). The resu l ts of this study support their

conc l usion and extend them to the open coasta l environment.
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TABLE I

Abundance of benthic and hyperbenthic ani mals captured

by funne l traps in the crustacean zone (410 trap days).

(See Appendix for method discussion.)

Species Number

AMPH I PODA

Syn c h e l i d i u m  shoema keri 160
Paraphoxus daboius 79

Atylus tridens 66

Tiron b i ocel la ta  40
Monoculodes spinipes 40

Paraphoxus ep i stomus II

Meqat uropus lon gi merus

OSTRACODA

Euphilomedes carcharodonta 12

Eu phi lomedes lon g i seta 7
Euphilomedes oblonqa 5

CUMACEA

Diastylopsis tenuis 57

Lamprops carinata 35

Hemilamprops cal i forn ica 27

Meso lam p rops d i l l o n e n s i s  25
Cycl a spis sp. 9

Anc h i co lu rus  occ i d e n t a l i s  4

MYSIDACEA

Neomysis kadiakensis 550

Acanthomysis spp. 250

Other Mysids 50
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TABLE 2

Mean abundance and tempora l variation in abundance (as measured by the ANOVA

test statistic) for the dominant spec i es at M—4. (P) = polychaete; (C) = crusta-

cean; (B) = biva l ve.

ANOVA Rank Rank by
test by ANOVA

Number! stat. abun— test
Species m2 va l ue dance stat.

Magelona sacculata (P) 1183.3 113 1 2

Te ll ina modesta (B) 727.8 121 2 1

Paraphoxus daboius (C) 405.6 57 3 11.5

Mediomastus californiensis (P) 333.3 50 4 15

Nothria elegans (P) 244.4 63 5 9.5

Prionospio pygmaea (P) 238.9 91 6 6

Lumbr ineris lut i (P) 227.8 43 7 16

Prionospio c i r r i fera (P) 194.4 56 8 13

Amaeana occidenta lis (P) 1 38.9 54 9 14

Protothaca staminea (P) 105.6 105 10 4

Nemertea* 105.6 — — —

Euphilomedes ob l onga (C) 100.0 57 11 11.5

Sil igu a spp. (B) 94.4 109 12 3

Edwardsia spp. 94.4 98 13 5

Euphi lomedes carcharodonta (C) 83.3 89 14 7

Haplosco lop los pugettensis (P) 83.3 63 15 9.5

Nephtys cornuta (P) 77.8 68 16 8

* not inc l uded in ana lys is  (probably severa l species) .
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TABLE 3

Seasonal var iat ions In the ANOVA test stat ist ic at M—4.

H igher va l ues indicate greater variability .

ANOVA Test Statistic Va l ue

Winter  Spr i ng Summe r

Seasonal Breeders

Magelona sacculata 12.4 19.3 P.6

Lumbrineris lut I 1.7 1.5 13.4

Edwardsia spp. 3.4 18.1 10.8

Phoronopsis viridis 2.0 18.8 9.4

Paraphoxus daboius 1.65 12.5 13.0

Aseasona I Breeders

Medlomastus californiens is 4.1 6.5 3.0

Prionospio pygmaea 13.0 18.7 13.0

Tellina modes-ta 18.24 1 8.8 17.0

Tota l Pol ychaeta 4.1 13.4 16.8

Tota l Crustacea 0.7 15.6 11 . 1

Tota l (PCM) 12. 8 18.0 18.6
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TABLE 4

Var iat ions in the ANOVA test stat istic wi t h  depth.

Hi gher va l ues Indicate greater va riability .

ANOVA Test Statistic Va l ue

Ni— I (6 m) M—2 (9 m) M—4 (18 m)

Polychaetes 86 72 103

Crustaceans 89 80 61

Molluscans 95 11 3 128

Tota l (PCM) 85 56 1 12

Species/Core 86 70 94

Shannon—Weaver
Divers ity Index (H’) 62 65 79
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TABLE 5

V a r i a t i o n s  in  some phys ica l propert i es of the sed i ment at the center

of the disturbance (C) and the undisturbed site (A) at the offshore

disposa l sites.

Pre-Di sturbance Post—Disturbance

Aug. l974 Nov. 1 974 Jan . 1975 Apr. 1975

N—2A *Md 3.06 3.12 2.94 2.84

(9 m ) Sorting 0.52 0.30 0.43 0.38

**% C 0.095 0. 124 0.077 0.125

N—2C Md 2.1 8 3.09 3.02

Sorting 0.80 0.55 0.43

% C 0.095 0.163 0.145

N—3A Md 3.14 3.17 3.13 3. 11

(18 m) Sorting 0.43 0.40 0.43 0.41

% C 0.193 0.134 O .l25 0.114

N—3C Md 1 . 95 1.90 3.08

Sort ing 0. 79 l.O6 .46

% C 0.091 0.154 0.100

N—4A Md 3.01 3.10 3.06 3.10

(24 m) Sort i ng 0.74 0.39 0.48 0.41

% C 0.115 0.086 0.115 0.135

N—4C Md 2.10 -— 2.80

Sort ing 1 . 1 3  —— 0.51

0.159 —- 0.096

*Median d i ameter in phi units
**percent by we ight of carbon
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TABLE 6

The tota l number and frequency of po l ychaete species * caught dur ing

14—day periods in larva l jars collected from September (972 to July

1 975 (see Appendix).

Tota l Percent
~p~ci es Nu mber Fregu~~~y (#) (F)

Cap i t el la  ca pi tata 25 ,717 0.59 15 ,173

Armandia brevis 1 1 ,104 0.68 7,550

Nephtys cornuta 487 0.55 267

Harmothoe spp. 217 0.48 104

Nothr ia elegans 197 0.52 102

Prionospio c i r r i fera 155 0.39 60
Prionosp io pyqmaea 6 1 0. 4 1 25
Pol ydora socia lis 90 0.19 17

Amaeana occidenta l is 50 0.32 16

Magelona sacculata 70 0.19 13

Phoronops i s v i r i d i s* 75 0.16 12

Platynereis bicana l iculata 22 0.12 3

*phoronoid worm ; only non—polychaete .
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TABLE B

Settlement of severa l pol ychaete spec ies into coarse sand in

t a l l  (increased depos i t ion ), med i um and short (increased

scour i ng ) experim€ ita l containers (mean va l ues). (See

Appendix for methods.)

Species Short* Med i um* TaII *

— Capitella capitata I 6 43

Armandia brev is <I I 2

Nothria elegans I 2 >2
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TABLE 9

Ratio of adult to juvenile Amaeana occ i denta lis along the

two deeper disturbance grad ients in January 1975.

2Number/rn

N— 3 (18 m) 257:569 0:220 0:129

N—4 (24 m) 73:700 0:184 0:0
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TABLE 10

Settlement of severa l po l ychaete species into fine sand in

ta l l  (increased deposition ) and short (increased scouring )

experimenta l conta i ners (mean va l ues). (See Appendix for

methods.)

Exposure Period

1— 8 July 1975 8—14 July 1 975

Species Short* Tal 1* Short** TaI I**

Cap i te l la  capitata I I I  150 17 l4 l

Armandia brev is 46 29 22 59

Pol ydora soc i a l i s  230 156 10 8

Prionosp io c i r r i fera 4 I —— / ——

Magelona saccu l ata 15 5 I 2

= 3
= 4
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TABLE I I

Average physica l characteristics of sediment at various

harbor areas.

Median Coeff i c i ent
Sta— Diameter of Percent Percent Silt/Clay
tion (Phi) Sorting * Sand (<0.62 microns)

H—I 7.9 2.0 3 97

H— 2 7.8 2.9 7 93

H-3 2.4 1.9 80 - 20
HS—8 3.0 1.0 87 13

*FoIk and Ward (1957); large numbers = poor sorting.
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TABLE 12

Variat i ons In sediment properties at Canyon Head Disturbance

Site (P—3).

— 

Median Percent Percent
Diameter Coefficient Slit! Organic
(Phi) of Sorting * Clay Carbon

August 1971 3.05 0.51 7.8 0.13

Disturbance
September 1 971 3.17 0.97 22.2 0.64

November 1971—September 1973 3.00 0.45 8.5 0.12

December 1973 2.91 0.48 4.4 0. 11

August 1974 2.52 0.51 0.0 0.09

Disturbance
September 1974 2.59 0.59 2.1 0.15

October 1974 2.70 0.48 2.1 0.15

December 1974 2.69 0.42 2.3 0.01
January 1975 2.73 0.38 0.0 0.08

April 1 975 2.93 0.52 5.9 0.18

*Fojk and Ward ((957); large number = poor sorting.
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TABLE (3

Variations in physica l environment at outer (H—3) and back

(H—I) harbor stations (mean ± standard deviation of mean).

Stat ion Temp . (° C) Salinity (5°) P0 
~ 
(.ag-A/iiter)

H—i Surface 13.5 + .65 28.5 + 2.0 10.3 + 2.4

H—3 Surface 12.8 + .58 32.8 + .6 1.9 -4. 4

H—l Bottom 12.4 + .53 33,4 + .08 4.18 +1.38

H—3 Bottom 12.5 
~~. 

.58 33.6 + .08 1.05 ÷ .14

Total DDT Zn (ppb) Oil & Grease (5)

H—i 174.7 
~~ . 

70 133 + 10 0.2 + .01

H—3 14.8 ÷ 9 25 + 10 0.02 + .01
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TA BLE 14

Early polyc haete colon i sts ranked by their mortality rates

and ear liest peak abundance in succession at harbor stations.

H-i H—2 H-3 HS-8

5. S.. S.. S..
U U U

S.. S.. I- S..
Q

I-. I- —(a) (a) (a) (a)
C C C C

. U) . (4) . U) .
~~ (I)

— U) — U) — UI — U)
Ia) ~ ‘a ai a w ‘a w
4J U 4~ U +~ U +‘ U
S.. U 5-. 0 1. U S.. U
o ~ 0 ~ 0 ~ 0 ~~Z CO ~~ (I) CO CO

Arniandia brevis 1 1 1 1 1 ‘I 2 2

Capitella capitata 2 2 2 2 2 2 1 1

Eumida tubiformls 3 6.5 3 5.5 - -
Nephtys cornuta 4 6.5 4 5.5 7 5.5

Platynereis bi canaliculata 5 6.5 5 8 4 5.5

Gyptis brevi paipa 6 6.5 6 5.5 6 5.5

Prionospio cirrifera 7 4 7 5.5 3 5.5

Prionosplo pygmaea 8 3 8 3 5 3
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TABLE 15

Settlement of severa l po l yc haete spec i es in  d i f f e r e n t i a l l y

disturbed sed i ments (mean ± standard deviation of mean).

Sed iments Air—Dried Sediments A i r—
0 * . **Spec les and Heated to 130 C Dried Only

Capite l Ia cap itata 50 ± 7 12 ± 3

Armand i a  brevis  67 ± I I  88 ± 15
Pol ydora social i s 35 ± 3 35 ± 3

15.
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APPEND IX

A number of ancillary experiments were performed and various types of

samples collected that are not discussed completely in the main text. Gen-

e r a l l y ,  the results are presented and interpreted with little or no consider-

ation of the methods used to produce the data. These methods are outl ined in

this appendix rather than lengthen and possibly detract from the text.

Larva l Jars

The larva l ja r setup cons isted of a ho ld ing rack pos it ioned I m above

the bottom and attached to a vertica l stake driven into the sed iment. Wide-

mouth (diameter 10 cm) gallon plastic jars were placed in separate rack

compartments. Ga l vanize d mesh ( 1 .27—cm squares) was placed over the jar

open ing to prevent the entry of various f ishes . The offshore rack was

located at station M—4 ( 18 m) on the southern transect and the harbor racks

at stat i ons H—I , H—2 and H—3 (Fi gure 2). The main exposure i nterva l was

fourteen days , but someti mes jars were collected after only seven days

or as many as twenty—eight days . The contents of each jar were washed

over a mesh with 0.25—mm—square open i ngs, preserved in 10% formalin and

sorted to 70% ethanol. No sed i ment was added to the jars, but they collected

a film of settled suspended materials within a day and an average of 1—2 cm

in fourteen days. There was no ind i cati on of physica l transport of juve-

nile forms from the bottom i nto the jars. Only a few larva l forms and no

bottom species that have pelagic larvae were caught In the funne l traps

that collected animals swimming off the bottom. The traps d id collect holo—

plankton and many act i ve, swiming crustaceans. The larva l jars did not trap
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swimming crustaceans or plankton , but th-Dse an imals were occasionally reta i ned

within the jars. The jars did attract certain crustaceans, especial l y amph i—

pods, that live on hard substrates or in association with attached epifauna.

A series of plankton tows were taken adjacent to the offshore larva l rack

(in May 1 974) to compare the composition and relative abundances of the lar-

vae in the p ankton with the post—larva l forms in the Jars. A preliminary

qualitat ive comparison indicated a high degree of similarity In species com—

position and a gross similarity in abundance patterns. Thus, the larva l jars

are a good index of larva l availability (i.e., freque ncy and ab undance of

• larvae in the water).

Larva l Se l ectivity Experiments

Numerous experiments were performed to test hypotheses concern ing lar-

val substrate se l ectiv ity and early post—sett l ement surviva l patterns of sof t—

bottom invertebrates. Sediment was treated In var ious ways and placed in

plastic freezer boxes (lOxIO cm and 7, 9 or 13 cm tall ). These were capped

and transported to a holding rack at station M—5 (24 m) on the southern

transect (Fi gure 2) . The rack was I m above the sand bottom. It was con-

structed of ga l vanized sheet meta l (40.6x50.8 cm) open at the top and bot—

torn and held a maximum of twenty plast ic boxes . The rack bottom consisted of

a p lastic grat ing and the top was either the same grat ing or a simple ga l-

van i zed mesh to prevent the entry of fish. The plastic grating (Ix IxI cm)

was used to reduce water motion . Reduced water motion resulted in Increased

sedimentation into the experimenta l boxes. A natura l deposition/scouring

cyc le cou ld be approx imated by us ing the wi re  mesh top and varying the hei ght

of plast ic conta iners . (Howeve r, even under these conditions , sed imentation
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was si g n i f i c a n t l y  h i gher in  the rack corners; consequent ly ,  most experi ments

i nvo l ved less than f i f t e e n  p l a s t i c  boxes per rack and these were place d in

the center of the rack.)

Many exper iments required prec i se ma n i pulation of the deposition/scour

cycles. This was accomplished by expos i ng experimenta l substrata for short

intervals (seven days) when hydrographic conditions were relatively calm and

by us ing  d i f f e r e n t  conta i ner hei ghts. The experimenta l setup was primarily

deve l oped by a trial—and—error p rocedure that included a considerable number

of d i vers who v i s u a l l y compared the movement of bottom and experimenta l sed i-

ments under various env i ronmenta l conditions. Therefore, a reasonable know l-

edge of the d is turbance  character is t ics  of the experimenta l apparatus is

available.

To examine these characteristics even further , s m a l l  p lo ts  of natura l

bottom sed i ment and associated fauna  were caref u l l y  i mp l aced i nto the p las t i c

containers and then p laced direct ly into the rack. This was a l l  done under-

water. Settl ement into these treatments, azoic sediment and the natura l ,

untransferred bottom prov i de a good index of the dist urbance characteris-

tics of the rack. This experiment has been performed , but t he samples have

not been comp l etely processed. Nevertheless , a very p r e l i m i n a r y  examinat i on

indicated that settl ement into the transferred and untransferred bottom sed i-

ments was s i m i l a r  and considerabl y less than that into the azoic sediment.

Funnel Traps

Funne l traps were used to catch mobile species swimm i ng off the bottom.

They were made with an inverted funne l (diameter 20 cm) with the spout lead-

ing i nto a removable holding jar. The traps were mounted on meta l legs that

185
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a l l o w e d  the open end of the fun nel to be pos i t i oned p a r a l l e l  to and w i t h i n

severa l centimeters of the bottom. A small amount of sediment was placed

in each trap as a refuge for confined ind ividuals. Exposure intervals varied

from one to four days.

Plankton samples were taken just above the bottom on severa l occasions

and examined for benthic or near—bottom crustaceans. The species found in

these samp les were the same as those captured in the funne l traps. Thus, the

traps a l l owed  a relat ive measure of the mobility patterns of benthic

— 
crustaceans.

Breed ing Cycles and Li fe Table Data

One author (S lattery ) has carried out an extensive investi gation of the

breed ing cyc l es of four abundant species of amphipods f rom severa l areas in

Monterey Bay. The number of fema l es, ovigerous females, males  and imatures

were recorded and measurements of clutch size, egg size and anima l size were

made.

Seven spec i es of numer i ca l l y important polychaetes were also measured

(widt h of a given segment and length of a set number of segments) and exam-

ined for presence of eggs and number of eggs. Size frequel cy histograms were

comp i led for each sampling date for severa l stations. Histolog ica l sections

of each species were prepared to study oogenesis and measure egg size.

F i n a l l y,  rough esti mates of generation time (i.e., time to maturity ) were

made from monitoring loca l recru i tment events in the field.
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