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The Relation

Between Environment and Abundance

Marine fishery studies are replete with
comparisons of environmental factors
and population abundance or recruit-
ment, and, recently, correlation matrices
have been used to compare responses
(coefficients) of different species to the
same factor (I, 2). Although the studies
have included dominant and subordinate
species that interact (3, 4), the responses
of these species have not been related
specifically to their positions in the dom-
inance hierarchy. The purposes of this
articles are to compare the relation of
temperature to the catch of Atlantic her-
ring (Clupea harengus) and Atlantic
mackerel (Scomber scombrus), species
that have alternated as dominant and
subordinate in the pelagic biomass off

Bernard Einar Skud

New England and the Canadian Mari-
time Provinces, and to relate their re-
sponse to dominance. The relation also
is examined for other species, including
the California sardine (Sardinops sagax
caerulea) and anchovy (Engraulis mor-
dax).

To paraphrase Daan (5), the dominant
species is defined as the more abundant
of two species that have a functional
relation (interact) and whose densities
are maintained at distinctly different lev-
els. He specified that replacement, or a
change in dominance, required at least a
50 percent reduction in abundance of one
stock and a comparable increase in the
other and that the change be persistent
for a number of years.
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Interaction Between Herring and
Mackerel

Landings (catch) and other estimates
of abundance and biomass of herring and
mackerel in the Gulf of St. Lawrence
since 1960 indicated that the species in-
teract and have alternated as the domi-
nant species in the pelagic biomass (4, 6).
The evidence was based on 15 years of
data and on the results obtained from
simulation models., The estimates of
abundance were from cohort analyses
and recruitment surveys. The conclu-
sions of the investigators (4, 6) were
tempered by the constraints of their
models and by the need for a longer
series of empirical data. Supporting evi-
dence of this interaction is apparent in
data from Georges Bank (7) and from the
North Sea (8).

In order to satisfy the need for a long-
term empirical series I compared the
landings of mackerel and herring from
the Gulf of Maine to the Gulf of St.
Lawrence from the late 1800’s to 1960
(Fig. 1) (9, 10). 1 assumed that long-term

The author is a marine biologist with the National
Marine Fisheries Service in Narragansett, Rhode
Island 02882, an adjunct professor of Oceanography
at the University of Rhode Island, and president of
the American Institute of Fishery Research Biolo-
gists.
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trends in landings represented major
fluctuations in abundance and tested this
assumption (/0). My basic premise was
that a truly competitive relation would
transcend the deficiencies of the landings
data and that it was the relative differ-
ence in the abundance of the two species
that was critical to the determination of
an interaction.

Mackerel statistics were available
from 1815 in the United States and from
1876 in Canada. From 1850 to 1880 the
United States catch averaged 45,000
metric tons annually, and the maximum
during this period was 66,000 metric tons
in 1851. Herring statistics were not avail-
able before 1873, but narrative accounts
of the fisheries showed that the supply of
herring was low during much of the
1800’s and that herring had to be import-
ed from Newfoundland to meet the de-
mand for bait and salted products in New
England (J]). The evidence suggested
that mackerel dominated the pelagic bio-
mass during most of the 1800’s. With the
unexplajned collapse of the mackerel
fishery in the 1880’s, the landings indi-
cate that herring attained dominance by
1890 and retained that position until the
late 1960’s (I0). Apparently, either the
increase in the abundance of herring
contributed to the decline of mackerel or
the reduced competition from mackerel
permitted the increase in the abundance
of herring. , ‘

The continued low catch of mackerel
throughout the 1900’s, even though fish-
ing effort was reduced and temperatures
were favorable, and the negative correla-
tion of herring and mackerel landings
support the conclusion that the two spe-
cies interact as shown in the Gulf of St.
Lawrence (4, 6). Further support is evi-
dent in estimates of biomass (12) for the
northwestern Atlantic since 1960. When
the abundance of herring declined, mack-
erel reattained dominance.

The mechanism or mechanisms con-
trolling the interaction between herring
and mackerel have not been indentified
(3, 4, 13, 14). The species are known to
compete for some food resources and are
cannibalistic. Further, the juvenile and
adult stages of both species prey on
larvae and postlarvae of the other spe-
cies, so that the role of prey and predator
changes with increasing size. Both spe-
cies are preyed upon heavily by demer-
sal fishes. For these reasons and because
the mechanisms change with life history
stages and their effects have not been
quantified, I use competition in its
broadest sense, to include any action by
one species that adversely affects the
survival of the other, including preda-
tion,
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Temperature, Abundance, and

Dominance

Laboratory studies (15) showed that
the effects of temperature on herring
differ with respect to stocks, spawning
time, egg size, and salinity, but the de-
velopment and survival of herring eggs
and larvae improve as temperatures in-
crease. Similar results were obtained for
mackerel (16).

Taylor, Bigelow, and Graham (/7) cor-
related temperatures with U.S. landings
of mackerel and obtained a positive and
statistically significant relation from 1820
to 1890. They found, however, that the

Boothbay Harbor, Maine (available
since 1906), which were positively and
significantly correlated with other sea-
surface temperature records for the
North Atlantic.

During the mid- and late 1960’s, the
biomass of mackerel in the northwestern
Atlantic was increasing, whereas herring
was decreasing (/2). By the early 1970’s,
the biomass of mackerel was twice that
of herring. Fishing mortality (instanta-
neous rate) of mackerel increased mark-
edly during this period and increased
from 0.268 to 0.626 in the years 1971 to
1976 (18). With this high exploitation the
abundance of mackerel declined rapidly,

Summary. Changes in abundance of dominant species of fish were positively
correlated with environmental factors that improved survival, and abundance of the
subordinate species was negatively correlated with the same factors. When domi-
nance changed, the responses of both the dominant and subordinate species also
changed. Implicit in this inverse relation is the conclusion that the abundance of the
subordinate depends on the density of the dominant species, and this hierarchy must
be recognized in the interpretation of the correlations. Changes in dominance not only
explained why the response of a species changed from positive to negative, but also
why different stocks did not respond in the same way to temperature. The findings
support the thesis that climatic factors can affect the abundance of a species but do
not'govern its absolute population density. The results have important implications for

fishery management.

correlation from 1890 to 1954 was insig-
nificant and stated that there was little
evidence of any relation with tempera-
ture during the latter period. In these
comparisons, mean annual temperatures
were compared with landings 3 years
later. I reexamined the data, confirmed
the findings, and noted that herring dom-
inated the pelagic landings after 1890.
Further, whereas herring landings before
1900 were mainly adults, the landings of
juveniles (sardines) increased consistent-
ly and by 1909 accounted for approxi-
mately 90 percent of the herring catch
(9). During this transition period, land-
ings of neither species showed a strong
relation to temperature, but the correla-
tion between temperature and mackerel
landings from 1909 to 1960 was negative
and statistically significant (Table 1).
Taylor et al. (17) used air temperatures
from New Haven, Connecticut, for their
comparisons. These data were closely
correlated with sea-surface temperatures
before 1930, but the relation deteriorated
thereafter. 'And 1 found that the data
were negatively correlated with sea-sur-
face temperatures during the 1940°s,
when the weather station was moved
from the city to the airport, and the
method of calculating the daily mean had
been changed. I used these data for
comparisons before 1909; thereafter 1
used sea-surface temperature data from

and neither species was dominant in the
late 1970’s. Anderson and McBride (19)
correlated the year-class strength of
mackerel at age 1 with temperature from
1961 to 1972 and obtained a negative
correlation. Mackerel was the subordi-
nate species during most of this period.
To examine the period immediately be-
fore and after herring lost dominance, I
compared temperature and mackerel
biomass at age 1 for the northwestern At-
lantic from 1965 to 1971 and obtained a
negative correlation, and from 1972 to
1976, when mackerel were dominant, I
obtained a positive correlation (Table 1).
These results indicate that correlations
spanning a change in dominance are mis-
leading because the correlations in the
component years were of the opposite
sign.

There is other evidence of a change in
sign during component years.

In the Gulf of St. Lawrence, the rela-
tion of temperature to the abundance of
mackerel was positive from 1961 to 1971
(3, 4). This period included a change in
dominance. The biomass of herring re-
cruits was more than twice that of mack-
erel until 1967; thereafter mackerel bio-
mass exceeded herring. I compared tem-
perature with biomass of mackerel re-
cruits before and after 1967 and also
divided the period into seven early and
seven late years. Again, correlations
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during component years of a period
spanning a change in dominance were
negative and positive (Table 1). These
results, and more specifically those for
the period before 1960, indicate that the
relation of temperature to the abundance
of mackerel was positive when mackerel
was dominant and negative when mack-
erel was subordinate.

Several investigators (I, 20) have re-
ported positive correlations between
sea-surface temperatures and the land-
ings of herring in the Gulf of Maine.
These studies encompassed the period
from 1928 to 1971, when herring domi-
nated the catch of pelagic fish in the
area. Using data from earlier periods (9),
I found that from 1884 (peak mackerel
catch) to 1908, the period of transition of
dominance from mackerel to herring,
and from adult herring to juveniles, the
correlation of temperature with abun-
dance of herring was not statistically
significant. After 1908 and until 1960, the
correlation was positive and statistically
significant. I obtained a similar result
from 1928 to 1960, when U.S. data were
available in consecutive years and Cana-
dian data were available from the south-
ern Gulf of St. Lawrence (Table 1). After
1960 the catch increased when a fishery
for adult herring was established on
Georges Bank. Herring lost dominance
in the late 1960’s, To examine the rela-
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Fig. 1. Landings of herring and mackerel in
Canada and the United States. The data are
smoothed by a moving average of 3’s (9).

tion with temperature during this period,
T used estimates of stock size of herring
(2I) and compared them with annual
mean temperatures 3 years earlier. The
sign of the correlation changed when
dominance changed (Table 1).

Data from the Gulf of St. Lawrence (3,
4) indicated that the relation of tempera-
ture to recruit herring was negative from
1963 to 1971. Dominance changed during
this period, the correlation for the years
before 1967 was negative and was posi-
tive after 1967 (Table 1). I also compared
the temperature data from Entry Island,
Quebec (22), with estimates of adult bio-
mass from the Gulf of St. Lawrence (23)
and obtained similar results.

The correlations between abundance

Table 1. Correlations (r) between abundances of herring (H) and mackerel (M) and temperature.
Abundance estimates for the first four periods were landings; estimates for the other periods
were based on virtual population analyses. Mackerel landings were from all areas; herring
landings from the southern Gulf of St. Lawrence were not included before 1928. Periods for
comparison were determined by changes in dominance or availability of data: 1884 was the peak
of mackerel landings; sea-surface temperatures became available in 1909, when juveniles

accounted for 90 percent of the herring landings;

and U.S. data on herring were sporadic before

1928. Results for the northwestern Atlantic and the southern Gulf of St. Lawrence after 1960 are
presented to show that correlations which span a change in dominant species have a negative

and positive component.

Mackerel Herring
Dom-
. inant Num- Num-
Period s p .- ber ber
cies . d of r of
years years
Alr temperature

1820 to 1884 (U.S.) M +.492% 65

1885 to 1908 H —-.043 24 +.066 16
Sea-surface temperature
1909 to 1960 H —.405* 52 +.459% 40
1928 to 1960 H —.743% 33 +.627* 31
Northwest Atlantic
1965 to 1976 HM —.422 12 ~.429 12
1965 to 1971 H —.732 7 +.451 7
1972 to 1976 M +.513 5 —-.580 S
Southern Gulf of St. Lawrence (Canadaj

1963 to 1971 HM +.261 9 -.116 9
1963 to 1967 H —.618 5 +.705 5
1968 to 1971 M +.886 4 ~.874 4
1963 to 1969 H -.382 7 +.8207 7
1965 to 1971 M +.535 7 -.204 7

*P < 01 TP < .05,
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and temperature for both species indi-
cate that the dominant species responds
positively and the subordinate species
negatively. Because of the reciprocal re-
sponse to temperature and because the
landings of the two species are negative-
ly correlated, I conclude that the abun-
dance of the dominant species governs
the abundance of the subordinate species
and that the effects of competition mask
the actual response of the subordinate to
temperature. The results also indicate
that comparisons of responses of differ-
ent species can lead to totally erroneous
interpretations if this hierarchy is ig-
nored. A negative response by a subordi-
nate species is apparently a reaction to a
change in the abundance of the dominant
species and not to the effects of the
physical environment. To test this thesis
1 examined interactions of other species,
for which estimates of abundance other
than commercial landings were avail-
able.

Environmental Factors and Dominance

Evidence of the effect of dominance in
relation to environmental factors is also
apparent in the interaction of sardines
and anchovies in California. The correla-
tion between sardine recruitment and
salinity was positive (r = .845; P < .01)
from 1934 to 1941, and negative (r =
.639; P < .05) from 1942 to 1955 (24).
The sardine was dominant during the
early period, and its recruitment de-
clined steadily after 1940. The anchovy
attained dominance during the latter pe-
riod. The relation of abundance to tem-
perature also changed. 1 compared the
catch and catch per unit of effort with
sea-surface temperatures (Table 2) (25).
The responses of the two species to
temperature differed and changed with
dominance, as did the responses of her-
ring and mackerel. The responses of
sardine and anchovy to temperature
were inverse to those of salinity. Tem-
perature and salinity are associated with
upwelling and are themselves inversely
related (2¢). Bakun (26) computed annu-
al upwelling indices for the California
coast. The correlation coefficients (#) of
the index at 36°N and 122°W with the
abundance of sardine and anchovy lar-
vae from 1951 to 1959 were —.630
and +.592, respectively. Apparently, sa-
linity or related environmental factors
such as food and nutrients improved the
growth or survival of the adults, whereas
the effects of temperature were not criti-
cal. However, during the larval stages,
temperature did affect survival and the
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dominant species responded positively.
This difference in the responses by lar-
vae and adults may explain the inconsist-
encies in the relation of vyear-class
strength of sardines to stock size (27).

I also reviewed studies on freshwater
fishes for similar effects of dominance.
Nilsson (28) and Svirdson (29) discussed
the evidence of dominance in Scandina-
vian lakes. Their studies showed that
changes in dominance were associated
with significant ecological changes such
as the introduction of new species, con-
version of lakes to reservoirs, acidifica-
tion, and eutrophication. Nilsson (30)
showed that certain species in Scandina-
vian lakes had different habitat and food
preferences when they were competing,
but their preferences were similar when
the species occurred separatély. Svéard-
son (29) reported that dominant species
were regulated mainly by environmental
(abiotic) factors or intraspecific competi-
tion, whereas the abundances of subordi-
nate species were influenced more by
interspecific competition for food or by
predation. My findings are in general
agreement with his.

1 also compared the relation of domi-
nance to temperature using the experi-
mental data of Silliman (37). Control and
test tanks were exposed to similar tem-
perature regimes. Temperature and bio-
mass for each of 75 periods were based
on 3-week means. The brood interval for
guppy (Poecilia reticulata) was 3 weeks
and for swordtail (Xiphorphorus macula-
tus) 4 weeks. I compared the biomass of
a period with the témperature of the
previous period. In the control (no ex-
ploitation), guppy was dominant from
periods 13 to 28. The correlation be-
tween temperature and swordtail bio-
mass was +.658 (P < .01) and for gup-
py —.652 (P < .01).

In the test tank, the exploitation rates
at the beginning and the end of the
experiment usually exceeded 25 pércent
and the fluctuations in biomass were
severe. The most stable periods were
from 33 to 65, when exploitation was
below 25 percent most of the time.
Swordtail was dominant, and its biomass
was at least twice that of guppy until
period 61. However, the numbers of the
two species were about the same from
period 47 to 358, indicating that the
swordtails were mainly adults and the
guppies mainly juveniles. The correla-
tion with temperature from periods 33 to
47 was —.492 for swordtail and +.825
(P < .01) for guppy; and from periods 33
to 65, —.495 for swordtail and +.269 for
guppy. The decrease in the statistical
significance of the correlation for guppy
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Table 2. Correlations (r) of temperature and indices of abundance of sardines (S) and anchovies
(A). Catch and catch per unit of effort (CPUE) were used for adults and numbers per unit of

water strained for larvae.

Num- Dom- r (sardine) r (anchovy)
. ber inant :
Period of spe-
years cies CPUE Catch CPUE Catch
. Adults
1932 to 1939 8 S —.421 ~.410 +.353
1940 to 1947 8 A +.649 +.520 —.655
1941 to 1959 19 A +.863* ~.5607
Larvae
1951 to 1959 9 A -.710% +.801*
*P < ,01. 1P < .05,

suggests that abundance as well as bio-
mass is important in determining domi-
nance. The signs of the correlations in
the test tank were the opposite of those
in the control tanks, where guppy was
dominant. (The negative relations be-
tween the dominant species and tem-
perature indicate that temperatures dur-
ing the experiments were at or above the
optimum for population-growth.)

The changes in dominance between
herring and mackerel and the other inter-
acting species explained why correla-
tions between temperature and abun-
dance failed and may explain the failure
of correlations between environmental
factors and abundance of other species.
Bell and Pruter (32), warning about for-
tuitous relations, reviewed examples of
correlations that have failed, and Gul-
land (33) noted how few relations have
stood the test of time. Their cautions
about correlation analyses and their in-
terpretations still pertain. However, my
data on dominance show that a change in
response is not acceptable evidence that
a climatic factor did not affect abundance
or that the observed relation was spuri-
ous. Nor is it valid, before considering
dominance, to dismiss a correlation for
one species when a competing species
has not shown a similar response or if the
same species did not respond in the same
way in a different area. These conclu-
sions do not imply that all correlations
that fail are the result of a change in
dominance.

In commercial fisheries, fishing mor-
tality usually reduces the abundance of
the dominant species below its equilibri-
um density. Because of their economic
importance, these dominant species gen-
erally are studied most intensively, and
therefore it is not surprising that their
fluctuations in abundance have frequent-
ly been correlated with changes in the
environment. This emphasis on domi-
nant species may explain why the in-
verse responses of subordinate species
have not been detected. The lack of

attention to subordinate species supports
the argument (34) for an ecosystem ap-
proach to population dynamics. I sus-
pect that the effects of dominance are
equally applicable to competing stocks
of the same species and for competing
groups within a stock: for example, com-
petition between the spring and fall
spawning stocks of herring in the Gulf of
St. Lawrence (10):

Control of Population Abundance

Svirdson (29) suggested that the type
of population control was species-specif-
ic for some species and that *“. . . evolu-
tion would mould two different types of
fish, depending on whether intra- or in-
terspecific competition is the most force-
ful agent. . . .”” Larkin (35) reviewed the
evidence on interactions in freshwater
environments and concluded that “*. . .
in some aquatic habitats and for some
species of fish, climatic controls would
seem to outweigh biological factors in
controlling population . . .”’ but that in
environments characterized by physical
stability **. . . biological factors would
undoubtedly be involved as population
controls. . . .”” Watt (36) said that pro-
ductivity of a species could be governed
by one or the other or both controls
depending on whether the species was
located in the center or near the bound-
aries of its range. He cited smallmouth
bass (Micropterus dolomieu) as being
regulated largely by temperature in north
temperate zones and suggested that in
southern areas intra- and interspecific
competition controlled the populations.
In contrast, LeCren (37) concluded that
‘“. . . the normal high levels of spawning
and heavy juvenile losses are doubtless
connected with the operation of density-
independent mortality which tends to
cause large fluctuations in survival . . .
[and] that density-independent mortality
factors will normally obscure the opera-
tion of density-dependent factors, but ir

147



the long run the latter will be important
for the maintenance of stable popula-
tions, both in natural and fished
stocks. . . ."”

The observed effects of alternationi of
dominance indicate that the usual type of
control is not species-specific, nor is it
determined by the relative stability of the
environment or by distribution within
the species’ range. Although factors
such as climate can cause large fluctua-
tions in survival, I relate the high poten-
tial fecundity and high juvenile losses to
density-dependent factors. Density is
governed by the carrying capacity of the
ecosystem and the species’ apparent re-

sponse to climatic change is dependent .

on its position in the dominance hierar-
chy and its population size relative to its
equilibrium density. Lower densities at
the boundaries of a species’ range may
frequently be determined by other spe-
cies that are more suitably adapted to the
particular climatic regime. :

The species-specific explanations of
population control (29, 35) are not unlike
conclusions reviewed by Pielou (38) that
species are adapted to succeed at either
intra- or interspecific competition or are
controlled by either density-independent
or -dependent factors. Pielou questioned
how widely the generalizations of the #-
or K-selection theory applied to the ma-
rine environment. Because dominance
influences the interactions and responses
of certain fishes, dominance should be
considered before population character-
istics are identified with natural selection
and these characteristics are specified as
ecological strategies.

Solomon (39) stressed that the per-
formance of a population was dependent
on both abiotic and biotic factors and
made a distinction between their relative
importance to population control. He
separated general control from the con-
trolling processes and argued that, in the
general sense, physical factors of the
environment were of primary impor-
tance and biotic factors secondary. The
physical factors not only determined
whether a species could exist in a partic-
ular place but also influenced the vigor,
rate of development, power of survival,
and the levels of metabolism and activi-
ty. In contrast, he said that biotic ele-
ments were predominant in the control-
ling processes although not independent
of the abiotic factors. Nicholson’s (40)
laboratory experiments with insects
were concerned mainly with the control-
ling processes, and he considered popu-
lations as self-governing systems that
regulated their densities in relation to
their own properties and those of the
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environment. He concluded that climatic
conditions had a ‘‘legislative’’ role and
were ultimately responsible for the com-
position of the community, but that cli-
mate could not determine absolute densi-
ty and that intraspecific competition was
the usual mechanism governing density.

My results, showing the changes in the
relation between abundance and physi-
cal factors of the environment with
changes in dominance, support Nichol-
son’s thesis concerning the role of abiot-
ic factors. The trends in abundance of
the dominant and subordinate species
support his conclusions regarding intra-
specific competition but also show the
significance of interspecific interactions
which he had included as a part of the
environment. Nicholson did describe
patterns of fluctuations in abundance of
predator and prey populations that were
characterized by cyclic oscillations. In
accordance with his thesis, the trends in
abundance would indicate that one of the
species periodically exceeded its equilib-
rium density. Populations held below
their equilibrium densities, such as the
exploited species that I examined, did not
exhibit cyclic fluctuations. The effects of
exploitation and the interactions of dom-
inant and subordinate species have im-
plications for population assessment and
to the management of fisheries (3, 4, 10)
as well as the management problems
discussed by May et al. (41).

What are the mechanisms that control
the interactions? How are they effective
for species that occupy different niches
and usually do not intermingle? Not
enough quantitative information is avail-
able to provide definitive answers to
these questions, and I shall not review
the arguments concerning mechanisms
such as predation and competition for
food. However, the Scandinavian stud-
ies on dominance emphasized the proba-
ble importance of competition for space,
a mechanism seldom considered in the
interactions of marine fishes. Svirdson
(29) and Nilsson (30) reported changes in
habitat and food preferences when spe-
cies were subordinate and that domi-
nance of freshwater fishes differed with
lake size and depth. Their results suggest
that it is not a question of how the
interaction works when the competing
species occupy different niches, rather
that the difference is a result of the
interaction.

I propose that the density-dependent
factors that govern recruitment of a spe-
cies also function in an interspecific
mode to control the abundance of com-
peting species and to determine domi-
nance. A change in dominance, such as

occurred for herring and mackerel in the
1960’s, was coincident with changes in
recruitment. When the recruitment of
both species was low and neither was
dominant in the 1970’s, Sherman et al.
(42) reported a 20-fold increase in the
larvae of sand launce (Ammodytes spp.),
suggesting that density-dependent fac-
tors control the composition of the pelag-
ic biomass. Ricker (43) said that density
measurements are needed for each age
group to fully describe the effect of stock
abundance on recruitment, and this re-
quirement may also be the key to the
uriderstanding of multispecies interac-
tions.

Conclusions

Changes in abundance of dominant
and subordinate fishes in response to
changes in the physical environment
showed that dominant species responded
positively to factors that improved their
survival, and subordinate species re-
sponded negatively to the same factors.
The responses changed when domiinance
changed. This inverse relation indicates
that the abundance of the subordindte
species is controlled by the abundance of
the dominant species.

If this hierarchy is ignored, the inter-
pretation of a correlation between the
abundance of a subordinate species and
an environmental factor may be errone-
ous because interspecific interactions
may mask the actiial relation. Changes in
dominance explained why a species, in
ohe area, responded positively to tem-
perature for many years and then re-
sponded negatively, and why a species,
in different geographical areas, did not
respond in the same way to tempera-
ture. Correlations that fail should not be
summarily dismissed as spurious until
changes in dominance are considered.
Dominance should be examined when
responses of either the same or closely
associated species in different years or
areas are compared.

The maintenarnce of distinct levels of
abundance for two interacting species
suggests that exploitation reduces the
biomass of the dominant species below
its equilibrium density, enabling it to
respond to favorable climatic factors. If
competition is reduced through a reduc-
tion in the biomass of the dominant spe-
cies, the subordinate is capable of in-
creasing through intraspecific interac-
tions even though climatic factors may
not be entirely favorable. The depen-
dence of the subordinate abundance on
that of the dominant species would ex-
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plain the lack of a stock-recruitment rela-
tion for certain species.

The inverse relation of the abundance
of the dominant and subordinate species
to physical factors in the environment
and the observed changes in dominance
support Nicholson’s (40) thesis that cli-
matic factors can affect the abundance of
a species but do not govern its absolute
density and that the mechanism control-
ling abundance within a population is
intraspecific competition. In addition to
its bearing on ecological concepts of
population control, the effects of domi-
nance have particular significance to
problems in fishery management.
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