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ABSTRACT

Barnard, J. Laurens. Benthic Ecology of Bahia de San Quintin, Baja California.
Smithsonian Contributions to Zoology, 44:1-60, 1970.—Three important biotic
assemblages and several minor associations occur on the soft bottoms of San Quintin
Bay. The most obvious assemblage is characterized by the eelgrass, Zostera marina,
that covers approximately 20 percent of the study area. A second densely populated
assemblage occurs in tidal channels and on their margins and is dominated by a
globular ascidian, Eugyra glutinans, and a tube-forming amphipod, Ampelisca com-
pressa. That community merges with a poorly populated Prionospio (polychaete)
community occupying sand flats in shallow, quiet water; the two are asymmetrically
connected by a facies (or ecotone) characterized especially by two genera of amphi-
pods, Acuminodeutopus and Rudilemboides. A less widespread fourth assemblage,
dominated by a polychaete genus Fabricia, occurs primarily adjacent to marshes,
especially in the inner reaches of the lagoon. Three phases of the Prionospio community
occur, the typical phase and phases dominated by the polychaetes Scoloplos acmeceps
and Cossura candida. The Ampelisca-Eugyra community also exists in extreme
phases dominated by either of the principal members.

The Prionospio community is interpreted as a base community representing
a penetration from the open sea of an analogous community in shallow waters on
which is imposed the Zostera community where suitable banks are elevated above
the surrounding flats. The Zostera community has few elements in common with
the Phyllospadix (surfgrass) community of the open sea. The Eugyra-Ampelisca com-
munity occurs mainly in channels and at the feet of banks where water motion is
highest in the bay. The Eugyra-Ampelisca community is unique to the literature but
has affinities with open-sea Tellina communities.

San Quintin has few of the cosmopolitan taxa usually introduced into bays by
humans. The warm-temperate lagoons of California and Baja California have few
common denominators probably because of changes imposed by man. Very few
species in San Quintin are obligatory inhabitants of lagoons.

San Quintin is unusual in being controlled physiographically by cinder cones;
the west arm is a typical lagoon, whereas the east arm has characteristics of a drowned
river valley.

A hypothetical system of lagoonal maturation and senescence is proposed in
which the depositional influences are accelerated by soft-bodied benthic biota.

Official publication date is handstamped in a limited number of initial copies and is recorded
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J. Laurens Barnard

Introduction

The environment and benthic macrofaunal assem-
blages of Bahia de San Quintin are discussed as a
conclusion to a survey conducted in 1960-62. Previous
papers include an Introduction by Barnard (1962),
Benthic Flora (Dawson, 1962), Physiography and Sed-
iments (Gorsline and Stewart, 1962), Isopoda (Men-
zies, 1962), Polychaeta (Reish, 1963), Mollusca
(Keen, 1962), and Amphipoda (Barnard, 1964).
Manuscripts concerning hydrography by Grady, and
microbiota by Resig are in preparation.

This study is confined to the eastern, landward arm
of San Quintin Bay that has been considered phys-
iographically by Gorsline and Stewart (1962) to
represent a drowned estuary. The bay now has the
characteristics of a lagoon because of the arid climate.
Maps printed herein include only the eastern arm of
the bay except Figure 13.

Because the biotope has already been considered by
Gorsline and Stewart, the presentation herein pro-
ceeds from an identification of the benthic biota to
a discussion of the biotope so that facts uncovered in
the biological analysis can be discussed in relation to
the physical setting. The analytical procedures are
described in detail (Appendix IV) as an exercise in
simple methodology in hopes of stimulating further
exploration of undersea bottom life in American
waters. Such exploration has been neglected on level,
sedimentary bottoms in the Western Hemisphere, in
part because of a paucity of finances available for the
large teams of researchers necessary to explore and
analyze undersea biotopes and partially because of

J. Laurens Barnard, Department of Invertebrate Zoology,
Smithsonian Institution, Washington, D.C. 20560.
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the scarcity of expert taxonomists to identify biota.
Surveys are likely to continue by utilizing simple tools
and methods in the foreseeable future. The crucial
focus in these early times is the necessity to describe
communities in as consistent framework as possible
to conform with the basic literature developed from
European studies (Thorson, 1957).

Field Methods

Water characteristics were studied in 1960 and 1961
in both arms of the bay during 5 seasonal surveys
(Figure 15), whereas the bottom biota and sediments
were sampled only once, in April 1960. The biotic
samples were collected on an even-area grid of 90
stations in the east arm of the bay at a density of about
15 per nautical square mile utilizing an orange peel
grab of 0.06 square meter coverage. Samples of sedi-
ment were also collected with this device. Gorsline and
Stewart (1962) studied San Quintin sediments in
terms of mean diameters of particles, but I have recal-
culated them as median diameters for use herein so
as to correspond with procedure generally found in
the literature.

The biological samples were filtered through Tyler
screens of 0.7 mm mesh, sorted and identified by
various specialists. The Polychaeta, Amphipoda, Iso-
poda, and Mollusca deserved separate reports (see list
above and Appendix III). The remaining identifica-
tions are tabulated in Appendix II.

Analytical Methods, Hypotheses, and Terms

A benthic sampling survey provides a means of de-
scribing taxonomic components of the fauna and their
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distribution and abundance in relation to their bio-
topes. A survey also presents the possibility of deter-
mining the cooccurrence of two or more species so that
biotic associations can be discussed. Whether the terms
community, association, biofacies, or assemblage de-
serve any categorical rank is a subject not considered
in this paper because I cannot contribute anything to
the problem of whether the whole ocean contains only
one community or many and whether a marine com-
munity must necessarily have a visible photosynthetic
base. The terms community, association, and biofacies
are utilized interchangeably herein, but the term
assemblage is used arbitrarily to identify a possible com-
munity in the early stages of its elaboration by statisti-
cal methods. The methods utilized in the discussion do
not automatically define the taxal structure of a com-
munity nor do they circumscribe the limits of a com-
munity. These definitions are matters of judgment
based on the degree of relationships among samples,
the extent to which groups of samples have discon-
tinuities among themselves, a knowledge of the
environment represented by groups of samples, a knowl-
edge of the environment adjacent to the area under
study, and an appreciation of the precedents already
described in the world literature of marine communi-
ties (Thorson, 1957). Other important considerations
are the size of the area and the density of individuals
represented by groups of samples. These characters
have relevance to the matter of defining a group of
samples as representative of a community or an eco-
tone. An ecotone is a region, usually of small extent,
between two communities of large extent. In the eco-
tone, the principal taxa of the adjacent communities
may be strongly mixed or there may occur an impover-
ishment of taxa and individuals of adjoining commu-
nities. If communities can be defined, or at least named,
for their principal members, these members being the
most frequently occurring taxa of reasonably large body
size in the samples under consideration, then one finds
that the community may occur in phases definable by
the occurrence of secondary dominants. This may be
visualized more easily by codes; two communities may
be identified by their principal taxa, A and X; com-
munity A may be relatively homogeneous but commu-
nity X may have other secondary species (Y and Z)
nearly as abundant as X; but Y and Z may be mutually
exclusive and form phases of the community; X re-
mains the common denominator, however, and is the
main member of the community. In another case com-
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munity MN may have two principal species that occur
together frequently but have phases in which M and
N are mutually exclusive. Another community, F, may
have two phases, one with F alone as dominant and
one with F and G together. In this case and in the
Y-Z case, it may be difficult to determine whether the
Y, Z, and G phases are really ecotones unless these
phases can be shown to occur on boundaries of the
area of distribution of communities X and F.

Two precepts of community analysis have been aban-
doned in this study. The importance of standing crop
as a criterion of selection for the major species in a
community is considered negligible and the method un-
workable. The Peterson rule of grouping samples (or
bottom area) if half or more of contiguous samples (or
area) have the dominant species present is abandoned
in favor of a 100 percent rule. This divides the sample
groups more finely. Samples are therefore grouped
according to the presence of the most abundant indi-
viduals of a taxon, but taxa with high standing crops
and low numbers of individuals are not ignored en-
tirely (Table 1). The term “dominant” is accorded
to a species with highest frequencies of individuals in
a sample. “Subdominant” species represent taxa with
secondarily high frequencies of individuals.

A synecological survey of the kind discussed in this
paper requires taxonomic analysis of biota found in the
samples (90). The data incorporate the names (or
codes) and total numbers of specimens of each taxon
in each sample and the data are arranged in five decks
(Appendix IV). Initial inspection of the data of decks
1 and 2 shows that many samples can be grouped
according to the presence of a few species with high
numbers of individuals per sample, but most of the
species have low numbers of specimens in many samples
and high numbers of specimens in a few samples. By
arranging the data as in deck 3 (Appendix IV), the
chronology of sample numbers is lost, but each species
is thereby provided with a list of samples ranked ac-
cording to the number of specimens in each sample.

A working basis for community analysis is possible
on the theory that the most widely distributed species
or those with highest frequencies in a few samples may
represent the main species of several communities. The
next step is to determine whether the main species
are more or less mutually exclusive in occurrence (Ap-
pendix IV, Method 1 and alternatives A-1-2, and B-
1-2). Those species with highest numbers of individ-
uals or most widely distributed (Table 1) or a few of
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TaBLE 1.—Dominant species of Bahia de San Quintin (abundant or large-bodied species utilized for community analyses)

Positive Total Average Median  Midpoint  “Conta-
Name of species sample specimens positive positive  between gious fre-
(n==90) occurrence occurrence average quency’*
and median
POLYCHAETA
Axiothella rubrocincta 29 141 5 3 4 9
Brania clavata 28 231 8 3 6 10
Capitita ambiseta 46 3,840 83 12 47 228
Chone mollis 41 516 13 6 10 14
Cirriformia luxuriosa 16 124 8 3 6 11
Cossura candida 48 3,669 76 44 60 153
Exogone verugera 68 10, 865 160 19 89 105
Fabricia limnicola 27 3,391 126 21 74 141
Lumbrineris minima 41 351 9 4 7 10
Megalomma pigmenium 40 371 9 5 7 16
Neanthes caudata 46 802 17 6 11 16
Onuphis microcephala 13 341 26 6 16 17
Pista alata 34 946 28 10 19 54
Platynereis bicanaliculata 23 170 7 3 5 9
Prionospio malmgreni 70 5,735 82 44 63 112
Scoloplos acmeceps 64 1,433 22 10 16 35
Scoloplos ohlini 39 267 7 3 5 6
Scyphoproctus oculatus 18 267 15 6 11 13
AMPHIPODA
Acuminodeutopus heteruropus 53 2,185 41 15 28 48
Ampelisca compressa 56 18, 923 338 8 173 227
Amphideutopus oculatus 22 804 37 6 22 26
Corophium baconi 24 260 11 8 10 14
Elasmopus rapax 16 272 17 15 16 9
Ericthonius brasiliensis 21 5, 892 281 82 182 160
Hyale frequens 22 2, 085 95 50 73 32
Lembos macromanus 25 828 33 15 24 43
Listriella melanica 35 319 9 5 7 9
Lysianassa holmesi 16 1, 457 91 3 47 81
Microdeutopus schmitti 28 1,049 37 5 21 16
Orchomene magdalenensis 28 641 23 7 15 40
Paraphoxus obtusidens 43 850 19 9 14 29
Pontogencia quinsana 17 194 11 6 9 6
Rudilemboides stenopropodus 48 3,040 66 21 4“4 133
Uristes entalladurus 19 265 14 2 8 5
Motrusca
Acteocina carinata 32 267 8 4 6 9
Tellina buttoni 11 87 8 3 5 6
Isoropa
Paranthura eclegans 14 133 9 3 6 35
TANAIDACEA
Kalliapseudes crassus 12 10, 393 866 4 435 1,632
AsCIDIACEA
Eugyra glutinans 35 7,157 204 43 123 143

*Number of specimens in first sample above change in curve, see text.
tIncluding sample zero with 1340 individuals not otherwise included in this report.
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the large-bodied species in San Quintin were tested in
pairs among themselves and the results presented in
Figures 1-3 and 5, according to variations of n in the
formula of Method I. In the standard procedure, n is
considered as the total number (90) of samples in the
survey, but the results are diffuse (Figure 3). By re-
stricting the number of samples considered in the com-
parison between any two species, the results are sharp-
ened strongly (Figure 2). The restriction is based on
the premise that several samples with the highest num-
ber of specimens for each of the species have more in-
formational content in the test of association. These
samples are termed as those in which the species is con-
tagious, and they are selected from data deck 3 by in-
structions in data deck 5 (Appendix IV) or alterna-
tively in part 5 of data deck 4. The selection of samples
that are contagious for each species is controlled by the
hypothesis that the rate of increase of specimens per
sample along a straight line connecting the plots of
specimens on arithmetic graph paper, from lowest to
highest in the sample group, represents an arithmetic
progression except at the high end of the plots where
the line evolves into a curve. At that point a geometric
progression is assumed to commence and this point
defines the minimum value of contagion for a species.
The minimum value of contagion is generally approxi-
mate to a number computed from the halfway point
between the mean occurrence of the species per sam-
ple and the median (discarding samples in which the
species is absent) . These data form a part of data deck
4 (Appendix IV) and form the basis on which sam-
ples are selected for Method 1, alternative B-2. All of
the commonly occurring species in San Quintin Bay,
those in 10+ percent of the samples in Table 1, show
statistical aggregation in the Poisson series; this ag-
gregation is a main function of at least some of those
samples embraced by the curve signifying a geometric
progression in the occurrence of a species from sample
to sample. For the sake of analogy one might speak of
those samples arranged in an arithmetic progression
as representative of environments in which the species
occurs in background (endemic) frequencies. The
samples in the geometric progression might be termed
as epidemic or contagious and they may represent en-
vironments in which the species occurs in superoptimal
densities. So as to find a level of consistency in the
foci of communities in San Quintin, the descriptions
of the communities have been based largely on sam-
ples in which the main species are contagious. The
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number of positive samples for each species in San
Quintin that are considered as contagious varies be-
tween 7 and 12 percent of the positive samples for
each species.

The method of selecting contagious samples for each
species is probably a workable hypothesis only in a sur-
vey in which samples have been taken on a grid sys-
tem and are thus representative of evenly sized areas
which include biotopes outside the range of the species.
Once the perimeter of a species has been found in a
survey of this kind it would be possible to design a sam-
pling pattern almost wholly within the parts of the
biotope in which the species is most highly aggregated.

Once a matrix of C-values in Method 1 is prepared,
a judgment of the significance of the values is made
by inspection of the data. By trial and error various
levels of significance are selected so as to group several
species in polygons like those of Figures 1-3. When
lower levels of significant C-values are selected more
species are joined to the foci. Because of field observa-
tions in ,San Quintin Bay, the significant C-values
could be easily selected so as to include in a group those
species already known to be restricted to the Zostera
community. This level of significance (Figure 1) re-
sulted also in joining together species known to be typ-
ical of the Ampelisca-Eugyra assemblage, and it re-
vealed a third assemblage not otherwise observed in
the field.

Samples in data deck 1 are rearranged on the basis
of Figure 1 to extract any containing the main species
in the three assemblages and then further divided into
assemblages including only those samples containing
the main species in contagious levels. Because only a
fraction of the samples in data deck 1 is ordered into
assemblages by Method 1 the remaining samples (re-
siduals) are treated by Method 2. The disadvantage
of Method 1 is the failure to pinpoint assemblages un-
less three or more species are involved as the main
dominants.

The further determination of assemblages based on
Method 2 accounted for only 72 percent of all the
samples because decisions as to possible assignment of
samples to primary foci could not be made with any
consistency.

The next stage of analysis is an attempt to deter-
mine if the samples represent a closely knit continuum
of taxal occurrences. The method of minimum faunal
percentages (MFP, see Method 3 and Sanders, 1960;
Bamard, 1964) compares samples by pairs to deter-
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mine if both samples of a pair contain specimens of
one species. An index is found (Method 3) for all the
joint occurrences of species in all pairs of samples and
these values are stored in matrices (trellises, like
Figure 4) or in a data deck composed of cards on which
are entered the pair of sample numbers (conjoint
sample) and the index of faunal affinity. The cards
are reordered so that a conjoint sample with a high in-
dex value is joined by another conjoint sample contain-
ing a joint sample number and having the next highest
index value. Conjoint samples are thereby clustered
so that a master matrix can be formed to give a visual
impression of the degree of continuity among samples.
Dendrograms can be constructed according to the
Mountford method (Method 5, Appendix IV).

The method MFP emphasizes the internal
homogeneity of a single sample because the factors
in the computed indices are based on the percentage
composition of each species in the sample. The method
of Morisita-Ono (Method 4, Appendix IV) is an
elaboration of correlative methods in which each
species in terms of its frequency is independent of the
others within a sample. The numbers of specimens of
taxa occurring in both members of a pair of samples
(conjoint) are the correlative factors, but the vagaries
of comparing pairs of samples with low and high
specimen frequencies are accounted for in the lambda
values. Clusters of samples identified in the data deck
of CX values can be extracted, trellis diagrams con-
structed of the values, or dendrograms formed by
Method 5 so that the results are comparable to the
method of MFP.

In the chapter to follow, various incongruities in the
dendrogrammatic analysis of faunal indices are dis-
cussed. Although the broad outlines of sample cluster-
ing are presentable with the dendrogrammatic method
and a measure of the distance between contiguous
clusters becomes evident, one must also resort to ex-
amination of the matrices of faunal indices in order
to understand incongruities that result from the 2-
dimensional restrictions of dendrograms. Sticks and
lumps of clay marked with sample numbers are utilized
to reorder the dendrogrammatic clusters so that triads,
quartets (. . . etc.) of samples can be better visual-
ized. The higher a conjoint value of CA or MFP scores,
the closer the samples are positioned to each other by
pairs. From this experience one develops a visual
method of arranging samples in three dimensions by
coded cards (Method 6). The relative simplicity of the
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San Quintin samples facilitated a view of the broad
outlines of sample relationships. To compress this
arrangement into two dimensions for publication, a
maze-grid is adopted (Figure 11). This method of
presentation has advantages as a visual memory device
incorporating information on the contiguity of samples
plotted as a function of the area each sample incluges.
Heavy walls between adjacent samples simulate a low
joint faunal index, whereas lack of heavy walls indi-
cates high conjoint indices. Windows in heavy walls
indicate conjoint indices of medium levels. Several best
fits are possible in the arrangement. Letters drawn in
various sizes indicate the dominant and subdominant
species of each sample (based on frequencies of spec-
imens). Maze lines of Figure 18 indicate the lines of
relationship of samples so that ectones can be
visualized.

The Communities

Methods 1-6 (Appendix IV) reveal 10 main foci of
assemblages in the San Quintin samples, characterized
by the following taxa: (1) Zostera, as represented by
various amphipods and a polychaete obligatorily as-
sociated with the eelgrass; (2) Ampelisca, Eugyra; (3)
Acuminodeutopus, Pista, Rudlilemboides; (4) Prion-
ospio; (5) Fabricia; (6) Kalliapseudes; (7) Scoloplos
acmeceps; (8) Cossura; (9) Cirriformia; (10)
Exogone.

Three primary groups of species determined from
Method 1 represent three areas of high population
density in San Quintin: (1) the Zostera-community as
indicated by the occurrence of Ericthonius, Capitita,
Elasmopus and Platynereis; (2) the channel commu-
nity with Eugyra and Ampelisca; and (3) the inter-
mediate sandflat zone with Pista, Acuminodeutopus,
and Rudilemboides. The first two associations are ob-
vious to the field observer. Subdominant species are
also strongly bound to these associations (Figures 1-3).
Still other minor associations are apparent but repre-
sented by insufficient samples for extended analysis.
These are focused on Cirriformia, Scoloplos, Kalliap-
seudes, and Fabricia. Taxa that are widely dispersed
through several communities in contagious numbers
are rarely as abundant in the bay as are the primary
and even some secondary dominants of the primary
communities. Exogone verugera is the most conspic-
uous exception to this rule.

The unity of the assemblages determined in Method
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1 is demonstrated by the low coefficient scores among
contagious dominants from one community to another.
Only in contagious numbers do the communities show
strong internal cohesion, whereas those indices cal-
culated for dominant community species utilizing all
samples (n=90) are very low and similar among
themselves as shown on the left side of the matrix in
Figure 5. Only Eugyra and Ericthonius in Figure 5
show strong exclusion from joint occurrences in non-
contagious samples. Although Eugyra and Ampelisca
are strongly correlated in those samples in which they
are contagious (Figures 1 and 2), they occur together
in subcontagious condition very frequently throughout
the bay. Neither is strongly dissociated from other
species-pairs that are shown to dominate samples when
collected in contagious frequencies.

Method 1 fails (1) to pinpoint Prionospio as a basic
dominant of the sandflat community or (2) to demon-
strate that in reality the Acuminodeutopus-Rudilem-
boides-Pista association is intercalated between the
channel community (Ampelisca-Eugyra) and the full
extreme of the sandflat community represented by
Prionospio. The latter taxon occurs in all of the com-
munities and is therefore masked from any significant
pairing. It occurs in the Zostera-Ericthonius commu-
nity not as an integral part of the community above
root level but in the mud-sand substrate on which the
Zostera grows. If the zosteral elements are determined
and eliminated from the calculations the Prionospio
component shows more clearly in the calculations.

The strong cohesion between the Am pelisca-Eugyra
association and the Acuminodeutopus association can
be seen in Figure 1 in the number of lines directly con-
necting the two, whereas most of the lines leading from
the Ericthonius-Capitita (=Zostera) association con-
nect only with poorly associated subdominants, The
superiority to the method shown in Figure 1 of another
simple calculation shown in Figure 2 occurs in the pre-
ponderance of lines connecting the Ampelisca-Eugyra
association with the Acuminodeutopus-Pista associa-
tion. Only those samples with species in contagious con-
dition are used in the formula with n=a-+b—h. But
again, Prionospio, paired only with Cirriformia, is
submerged. The weakness of utilizing noncontagious
samples (n=90) is shown in Figure 3.

Methods 3 and 4 of correlating species and their
frequencies by intersample comparison are superior in
relegating samples to clusters that pinpoint associa-
tions. The Morisita-Ono correlation method and
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Sanders minimal faunal percentage methods have
different results. The Morisita-Ono method excels in
bonding together samples with similar dominant spe-
cies, whereas the Sanders method, in accounting for
internal homogeneity of a sample, occasionally dis-
places a sample with extreme monospecific domina-
tion to a branch outside the basic community. The
dendrogrammatic presentation in either case suffers
the defect of segregating certain closely related pairs
of samples in favor of others. For instance, samples 78
and 67 in Figure 10 together have a higher index of
association than 78 has with any other sample, yet 78
is separated from 67 by three dendrites (samples 35, 48,
and 20) and is paired with 65 only at a much lower
level than with the others. These are vagaries of sta-
tistics in two dimensions on binary cycles.

A pair of dendrograms summarizing 20 samples
from the five major assemblages in San Quintin (Fig-
ures 9, 10) incorporates a strongly dominated, a weakly
dominated, and 2 intermediate samples from each
assemblage. The strong cohesion of the Zostera com-
munity again demonstrates the usefulness of the simple
methods, but there emerges also the previously assumed
affinity of the Zostera community to the basic Prio-
nospio community on which it has presumably been
superimposed. The Morisita-Ono method (Figure 10)
of sample comparison is shown to be superior to that
of minimum faunal percentages because it results in
sample 78, highly dominated by Ampelisca, being
joined with those of its congeners moderately domi-
nated by both Ampelisca and Eugyra. Sample 14, nu-
merically dominated by Prionospio but originally
selected as a weak Fabricia sample, is also more prop-
erly joined to the Prionospio community in Figure 10.
The method of MFP does detect, very ably, the degree
of homogeneity of samples, because samples 14 and 78
are highly aberrant and have very low faunal
coefficients.

The dendrogrammatic method, as is well known,
does present difficulties in leading to erroneous visual
impressions as to the affinity of samples. A superior
presentation (Figures 11 and 18) results from visually
arranging samples in clusters and dendrites in three
dimensions by utilizing cards covered with symbols of
taxal frequencies (Method 6). Compression of the re-
sulting “tree” in a grid of two-dimensions (Figure 11)
then necessitates forming a “maze-grid” (Figure 18)
in which samples or groups of samples are separated
by walls often penetrated by windows demonstrating






