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This commentary summarizes of some of the current debates raging about models of 
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There are many definitions of competition. One of the simplest is ‘the shared utilization of a 
resource that is demonstrably in short supply.’  It is often very difficult to determine whether 
resources are in short supply. Many, if not most studies, have failed to document the resource 
that is in short supply (including Gallagher et al. 1990). 

Other definitions of interspecific competition include: “competition is occurring if the increase in 
the growth rate in one population leads to the decline in the growth rate of another.”  This 
definition doesn’t apply to intraspecific competition, but in the case of intraspecific competition 
the pragmatic definition is even simpler: “intraspecific competition occurs if an increasing 
density of the population leads to a decrease in the per capita growth rate.” 

There are two broad categories of competition: exploitative and interference competition. In 
exploitative, or scramble competition, the effects of competition are caused by the consumption 
of the shared resource. In interference competition, one individual or group of individuals 
prevents another individual or group of individuals from gaining access to the resource. 

What resources are limiting to the soft-bottom benthos? 

A variety of different limiting resources have been proposed for the soft-bottom benthos, 
especially deposit feeders. Food of a particular type is usually the resource that is cited as being 
in short supply for the soft-bottom benthos. Space has also been cited as a limiting factor. 
Woodin (1974) argued that tube-building organisms compete with burrowing organisms for 
access to the surface. An increased abundance of tube-building surface organisms led to a 
decrease in the abundance of the burrowing orbiniid polychaete Armandia. Hulberg & Oliver 
(1980) proposed an alternate hypothesis for this pattern. Woodin (1974) had used cages to 
exclude surface deposit feeders, and Hulberg & Oliver (1980) argued that the cage itself 
attracted more burrowing individuals. 

Habitat may be a key limiting resource for some deep-sea populations. Many ‘passive’ 
suspension feeders in the deep sea must settle on objects on the sea floor so that their feeding 
appendages protrude through the approximately 1-cm thick deep-sea diffusive sublayer. Jumars 
& Gallagher (1982) argued that the scarce supply of these objects, e.g., pieces of wood or 
skeleton, could set the limit on population abundance for these populations. 

On an evolutionary time scale, Thayer argued that many sessile benthic organisms were virtually 
eliminated by the appearance of burrowing deposit feeders. These bulldozer species, by moving 
the sediment may have led to the local extinction of a number of sessile deposit and suspension 
feeding groups. Bulldozing is an example of interference competition. 

Food is usually the key resource that animals compete for, but not all food is like. White (1979) 
argued that it is not the organic content of the food so much that limits populations, but the 
nitrogen content of the food. Soft-bottom benthic ecological studies have largely confirmed this 
idea. There are usually high concentrations of organic matter in shallow subtidal and intertidal 
marine sediments. The nitrogen content of the sediments is often low. The ingestion and growth 
rate of populations is often poorly correlated with the % organic matter in bulk sediments. It is 
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more often more closely coupled with the amount of nitrogen or labile organic matter in the 
sediments (e.g., Tenore 1977). The protein content of sediment is often a good predictor of 
sediment food quality. Larry Mayer and Pete Jumars have led the way in developing assays for 
the nutritional quality of marine sediments. There most recent assays for ‘nutritional quality’ 
involve mimicking the digestive enzymes found in deposit feeder guts to assess the amount of 
organic matter that can actually be extracted by a deposit feeder. 

Tenore has argued that it may not be even the nitrogen content of sediments that limits 
population growth. He has argued that it may be the amounts of essential fatty acids in sediments 
that limits the growth of organisms like Capitella. 

The clearest examples of competition for scarce resources probably involve benthic diatoms. 
Benthic diatoms have a high protein content, high nitrogen content (with C:N ratios in roughly 
Redfield proportions), and essential fatty acid composition ideal for the nutrition of marine 
worms. The relatively high standing stock of benthic diatoms in shallow marine benthic habitats 
poses a problem for the hypothesis that diatoms are in short supply. Surface and subsurface 
deposit feeders in nature are often surrounded by very high standing stocks of benthic diatoms. 
Moreover, Admiraal et al. (1983) documented that most infaunal populations have ingestion 
rates incapable of consuming more than 10-20% of the daily production of benthic diatoms. How 
then can they be limiting?  Admiraal et al. (1983) provides the solution: much of the standing 
stock of benthic diatoms may be unavailable to deposit feeders. Either the cells are too large to be 
ingested, or they pass through the guts of deposit feeders intact. 

Exploitative competition for diatoms 

Gallagher et al. (1990) describe the interactions between juvenile polychaetes and members of 
the permanent meiofauna: oligochaetes. Gallagher’s evidence for competition was indirect; he 
had no direct evidence that diatom abundance affected the population growth of either 
oligochaetes or the juvenile stages of Hobsonia florida. Hentschel & Jumars (1994) provide 
this key link. They added DCMU to patches of the Skagit flats intertidal and demonstrated clear 
effects on the population growth of both oligochaetes and juvenile Hobsonia florida. Hentschel 
(1998) used stable carbon isotopes to document that it is probably only the juvenile stage of 
Hobsonia florida that derive most of its energetic needs from benthic diatoms. Larger Hobsonia 
florida may act as more of deposit feeder, obtaining its energy from a variety of organic carbon 
sources. 

Admiraal et al. (1983) document that a small subset of the benthic diatom standing stock may be 
the key limiting resource for meiofauna and macrofauna. Even though diatom grazers consume 
only 10% of the benthic diatom production, their growth rate can still be limited by the 
abundance of the subset of the diatom community that they actually eat. 

Bianchi & Levinton (1984) showed the microphytobenthos appeared to be the key limiting 
resource for the snail Hydrobia totteni in laboratory cultures. The abundance of particulate 
organic matter and bacteria was a poor predictor of Hydrobia growth. 
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Fenchel (Fenchel & Kofoed 1976, Fenchel 1977) provided one of the key papers in the 
ecological literature demonstrating character displacement. When populations of two gastropods 
Hydrobia ulva and H. ventrosa occurred together (i.e., sympatrically), they fed on different sized 
particles. When they lived apart (allopatrically), they fed on the same size spectrum. The size of 
particle ingested by Hydrobia is directly related to body size, and populations living 
sympatrically had different size ranges. The case for competitively driven character displacement 
was made even stronger by Fenchel & Kofoed (1976), who clearly demonstrated that in the 
laboratory H. ventrosa and H. ulva can compete intensely for scarce diatom resources. However, 
later work by Hylleberg showed that the size disparity observed by Fenchel on mudflats where 
the populations were sympatric may not have been related to competition at all. Both populations 
have strong large-scale spatial gradients in size distribution. In those subsets of mudflats where 
the species coexisted, they were different in size, but this may have been due to other factors 
(e.g., temperature). 

Grant (1981) found another example of character displacement in burrowing amphipods. In 
sandflats where two species occurred sympatrically, they had disjunct depth distributions. When 
each species was by itself, the depth distributions were broad. 

Character displacement due to competition is difficult to demonstrate. Connell (1980) called 
arguments that character displacement was caused by competition as ‘the ghost of competition 
past.’ Williamson (1972) had been even more skeptical of examples of character displacement. 
He argued by analogy that if character displacement arguments were applied to viewing a yacht 
raise, the spectators should conclude that yachts sail on parallel tacks because they must have run 
into each other in the past. There are myriad reasons why organisms may feed on different food 
resources or inhabit different parts of the habitat. One shouldn’t conclude that such phenotypes 
were caused by competition in the past. Moreover, as Fenchel & Kofoed (1976) showed, even 
demonstrating that pairs of species can compete in the laboratory or field is insufficient evidence 
for concluding that character displacement was due to competition. 

Competitive bottlenecks 

Gardner and Gallagher (ms) provide additional analyses of Gallagher’s oligochaete-juvenile 
polychaete interaction. Levin & Creed (1989) tested such interactions in the laboratory and found 
that the meiofauna and macrofauna did not compete. This study did not directly control for the 
key resource cited by Gallagher et al. (1990): benthic diatoms. 

Modeling Competition 

Schoener (1974a, 1986) and Nunney (1980) proposed two criteria for classifying competition 
models. Their first criterion separates multilevel models, that explicitly model resources, from 
single-level models, that do not. The second criterion distinguishes between mechanistic and 
descriptive models. Mechanistic models include equations or terms necessary to explicitly model 
the mechanism of competition. The mechanistic models are now often derived from foraging 
theory (e.g., Schoener 1974b). Descriptive models describe population trajectories or 
equilibrium solutions but cannot necessarily be derived from mechanistic foundations. 
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The Lotka-Volterra Competition Model 

Vito Volterra’s 1926 competition model is single-level and descriptive. Volterra made the 
simplifying assumption that the competition coefficients were symmetric, resulting in parallel 
zero-growth isoclines.  A. J. Lotka (1932) derived a more general competition equation, which is 
the equation now referred to in textbooks as the Lotka-Volterra model. We do not follow 
Hutchinson (1969) in giving Volterra priority, and instead refer to these equations as the Lotka-
Volterra model (and equations). 

The Lotka-Volterra model is a six-parameter model. Gallagher et al. (1990) showed that it is 
possible to fit all six parameters simultaneously with a replicated field experimental data. 

(1) 

The original Lotka-Volterra competition model has been a foundation of theoretical ecology, and 
the mechanistic underpinnings of the model have been derived (e.g., Schoener 1974b, Abrams 
1980). Gause (1934) was one of the first of many to design competition experiments to apply the 
equations and based his competitive exclusion principle on them. MacArthur & Levins (1964, 
1967) based their theory of the niche on Volterra’s (1928) ompetition equations. 

The Lotka-Volterra competition equations have been criticized as an unrealistic description of 
Nature. Many ecologists attacked the Lotka-Volterra model’s assumptions, particularly the 
populations growth follows the logistic equation. That is, the per capita growth rate decreases 
linearly with population size. Schoener (1973) and Pomerantz et al. (1980) reviewed the 
literature and found few populations obey the logistic growth model. Most exhibit curvilinear 
density dependence (e.g., Wilbur 1974, Smith-Gill and Gill 1978). Such curvilinearities would 
violate one of the assumed linear relationships in the Lotka-Volterra model. The Lotka-Volterra 
model also assumes that the zero-growth isoclines are linear. Nunney (1980) showed that linear 
zero-growth isoclines are possible even with non-linear density dependence in single-species 
growth rates. 

Gardner and Gallagher (ms) confirmed this result and provide a descriptive model with linear 
zero-growth isoclines and non-linear single-species growth rates. Ayala (1969 & 1971) found 
nonlinear zero-growth isoclines in Drosophila competition experiments and used these data to 
criticize Gause’s competitive exclusion principle. 
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The Volterra model assumes that the interspecific competition coefficients (áij) are constant, 
additive, and are independent of other species abundances (i.e., , there are no higher-order 
interactions). A number of ecologists have attacked these assumptions. Hairston et al. (1968) and 
Neill (1974) documented higher-order interactions among competing species of laboratory 
microcrustacean populations. Neill’s (1974) paper is based on the microcrustacean microcosms 
described more fully in Neill (1975). Neill’s (1974) statistical methods have been criticized by 
Pomerantz (1981). Pomerantz (1981) argued that the matrices used by Neill (1974) in his 
regression models were nearly singular (a problem in fitting regression models; after performing 
a Singular Value Decomposition on a matrix, if the ratio of the largest to the smallest singular 
value is in the thousands, then the fit of a regression model can not be considered adequate). 
Vandermeer (1981) could not detect significant higher order interactions in his studies of 
protozoan competition (Vandermeer 1969), and offered the sage that advice that higher-order 
interactions undoubtedly occur in nature and in laboratory studies but that they might not be 
important enough to include in models. Why use complex models if simple ones will do? 

Case & Bender (1981) argued that most tests for higher-order interactions are tests of a 
compound null hypothesis: “The species are competing with constant áij’s and higher order 
interactions don’t occur.”  Worthen and Moore (1991) argue that many higher-order interaction 
effects are merely examples of indirect effects. An indirect effect is the effect of one species on 
the interaction between two others. A higher order interaction is the effect of one species on the 
per capita effects of one species on another (e.g., a change in á in the Lotka Volterra model). 
Gardner and Gallagher (ms), argue that constant áij’s are a feature of the Lotka-Volterra model 
but not of any of the other non-linear competition models. As noted first by Nunney (1980), 
curvilinear zero-growth isoclines preclude constant áij’s. 

Gilpin & Ayala (1973) and Ayala et al. (1973) analyzed many descriptive alternatives to the 
Lotka-Volterra equations and chose one equation (our Equ. 2, below) as being the best alternative 
to the Lotka-Volterra model. This model included a non-linearity parameter (è) in modeling 
intraspecific competition. This Gilpin-Ayala model fit data on competition among Drosophila 
species better than the Lotka-Volterra model, could model curvilinear zero-growth isoclines, and 
included the Lotka-Volterra model as a special case. This model or a slight variation of it (the È-
Ricker model) has been applied by Gilpin et al. (1976), Gilpin et al. (1986), Thomas et al. 
(1980) and Pomerantz et al. (1980) primarily to laboratory Drosophila populations. 

FACILITATION 

Gallagher et al. (1983) found facilitation in an intertidal soft-bottom benthic community. An 
increase in the abundance of tube-building surface deposit feeders often results in an increase in 
the abundance of other members of the community. Epstein & Gallagher (1992) analyze 
indirect effects in benthic ciliate communities. By adding different meiofaunal and macrofaunal 
components to field patches, a typical result is an increase in the abundance of other species. 

The general conclusion from these studies is that positive interactions among populations cannot 
be ignored, and may be as important as competition in structuring the numbers and types of 
species present in a community. 
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PREDATION 

Does predation control soft-bottom benthic community structure? 

Does predation control the distribution and abundance of the benthic infauna?  At the start of 
quantitative benthic ecology, the answer would probably have been yes. Petersen (1918) began 
his quantitative studies of Danish benthic communities to assess the amount of fish food 
available for the benthos. Just because fish feed on benthic organisms does not mean that they are 
major sources of benthic infaunal mortality. Blegvad (1928) performed one of the first caging 
experiments in the soft-bottom benthos, finding that those benthic species consumed by bottom-
feeding fish (plaice) increased dramatically beneath the cages. Based on Blegvad’s results, it 
would appear that epibenthic predators like bottom-feeding fish, crab, and shrimp may control 
benthic community structure.  Unfortunately, there have so few convincing demonstrations of the 
importance of predation since that John Gray in his 1981 book on benthic ecology that predation 
was relatively unimportant in controlling community structure. 

Thorson (1966) capped off a brilliant career by arguing that soft-bottom benthic community 
structure was largely determined by three factors: physical factors (substrate and depth), habitat 
selection, and intense predation on settling larvae. Thorson argued that the major predators of the 
settling larvae were either meiofaunal-sized predators or deposit feeders. Thorson (1966) didn’t 
place much emphasis on the role of competition or food resources in controlling the distribution 
or abundance of the benthic infauna. Presumably, benthic species evolved to identify habitat cues 
so that they would settle in habitats where suitable food was likely to be present. Mary Watzin 
(1986) produced some of the nicest results showing that the meiofauna, especially turbellaria, 
prey on the settling larvae of the benthic macrofauna. There have been few other quantitative 
studies demonstrating the importance of predation on the recruits of the benthic larvae. It is 
known that only a small percentage of the larvae that recruit to a given benthic environment 
reach reproductive age. The sources of mortality for these juvenile stages have not been well 
documented. 

Methods for determining predator-prey links 

Feller et al. (1979) argued that soft-bottom benthic ecologists have a difficult time assessing 
predation because it is difficult to document predator-prey interactions in mud and sand 
communities. Table 1 shows some of the methods for identifying predator-prey interactions in 
the soft-bottom benthos. When the tide is in, predation cannot be directly observed even in 
intertidal soft-bottom benthic communities. Most benthic organisms are soft-bodied and are 
unidentifiable in the guts of their predators. Feller et al. (1979) introduced the use of serological 
assays to assess predator-prey links in the soft-bottom benthos. Characteristic prey antigens can 
be detected in the guts of predators, a trick borrowed from entomology where serology was used 
to identify the blood meals of ticks and mosquitoes since the 1920s. Boreham and Ohiagu 
(1978) review the early applications of serology in entomology. 
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Table 1. Methods for identifying predator-prey links (From Feller et al. 1979). L: low, M: 
moderate, H: high, V: variable 

Method 

Likelihood 
of 

artefactual 
predator or 

prey 
behavior 

Certainty 
of 

Specific 
Identity 

Viability 
of 

prey at 
time 

of capture 
known 

Differential 
digestion 

a problem Comments 

Experimental 

Lab 
Offering 

prey in the 
laboratory 

H H Yes No 

Viability 
and feeding 
conditions 
difficult to 
realistically 
simulate 

Field 

Predator 
exclusion or 

inclusion 
H L No No 

Predation 
difficult to 
distinguish 
from 
experiment 
al artifacts 
(e.g., 
caging or 
tether 
artifacts) 

Monitoring 
labeled prey 
in the field 

L H No Yes 

Recovery 
of labeled 
prey 
usually 
low. 
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Table 1. Methods for identifying predator-prey links (From Feller et al. 1979). L: low, M: 
moderate, H: high, V: variable 

Method 

Likelihood 
of 

artefactual 
predator or 

prey 
behavior 

Certainty 
of 

Specific 
Identity 

Viability 
of 

prey at 
time 

of capture 
known 

Differential 
digestion 

a problem Comments 

Observational 

Direct field 
observations 

V V Yes No 
Difficult in 
soft 
substrates 

Monitoring 
of predator 

& prey 
abundances 

L L No No 
Causation 
uncertain 

Visual 
analysis of 

gut contents 
L V to H No Yes 

Highly 
dependent 
on observer 
expertise 

Serological 
analysis 

L L to H No Yes 

Cross 
reactions 
are a major 
problem as 
is 
consumptio 
n of “non­
living” 
food. Only 
source food 
webs can 
be 
determined 

ä N & ä C15 13 

analysis of 
predator 
tissues 

L L Yes Yes 

Specificity 
of prey 
highly 
uncertain. 
Sensitivity 
for small 
samples is 
a problem. 

Measuring 
bioaccumula 

tion of 
specific 

chemicals 

L V No Yes 

Bioaccumu 
lation & 
transfer 
efficiencies 
must be 
known or 
assumed. 

Virnstein (1980) reviews how field experiments can be used to document the effects of 
predation in the soft-bottom benthos. There are four  basic methods for experimentally 
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demonstrating the effects of predation (Table 1). Predators can be added or removed, and these 
manipulations can be one-shot affairs (pulse experiments) or manipulated over long time periods 
(Press experiments). The terms Press and Pulse experiments were introduced by Case and 
Bender. 

Table 1. Methods for demonstrating the effects of predation on community structure. In a 
pulse experiment, predators are manipulated for a short time only. In a press experiment, 
the abundances are manipulated for long periods of time. In some experiments, labeled 
Both, predator removal is followed by addition of predators to the same plot. It may be 
statistically impossible to detect the effects of a short-term removal of predators (a few 

days) on benthic infaunal populations (indicated with a �) 

Predator abundance 

Enhanced Reduced Both 

Pulse 
Gallagher et al. (1990) 
Epstein & Gallagher 
(1992) 

� 

Press 

Reise (1977, 1978, 1979) 
Kneib & Striven (1982) 
Gee et al. (1985) 
Martin et al. (1990) 

Blegvad (1928) 
Paine (1966) 
Young & Young (1977) 
Young et al. (1976) 
Buzas (1978) 
Berge (1980) 
Davey & Geroge (1986) 

Virnstein (1977) 

Conclusions on predation effects 

There are relatively few general conclusions to be reached about the effects of predation on 
benthic communities. Reviews of the role of predation include: Virnstein (1979), Peterson 
(1979b), Ambrose (1984), Reise (1985), and Wilson (1986, 1990). Epibenthic predators — such 
as plaice, flounder, and crab —can exert strong effects on selected benthic prey species. These 
effects may not translate into strong effects on diversity of the benthic community for several 
reasons: 

C The rate of predation by epibenthic predators, especially on settling larvae, is low 
compared to the larval recruitment rates. 

C Benthic predators may only browse on prey, feeding on feeding appendages 
(siphons and tentacles) and rear ends. Woodin (1982, 1984) documents browsing 
and its long-term effects on individual growth. Such predation would exert only 
small effects at the community level. 

C Indirect effects: The prey of epibenthic predators may themselves be predators, 
producing no net change, or even a reduction of “overall” predation intensity as 
epibenthic predation increases. 

http://Buzas%201978
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C Competitive exclusion is less likely in the soft-bottom benthos than in the rocky 
intertidal. In the rocky intertidal, crushing and overgrowth can lead to the 
elimination of competitively inferior species. As noted by Peterson (1979), such 
interactions are rare in the soft-bottom benthos. 
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SEROLOGICAL APPLICATIONS 

MARINE ECOLOGY

 reference list contains    serological papers   marine 
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webs,  deal  marine invertebrate systematics,   few (e.g., 
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bacteria.   minute fraction   voluminous immunological 
literature  cited   following list. I’ve listed techniques 
papers extensively   own work,  few reviews,   few 
classics. 
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1 food web produced]{8, 9} 

Feller, R. J.  E. D. Gallagher. 1982. Antigenic similarities 
among estuarine soft-bottom benthic taxa. 
Oecologia 52:  305-310. 

Fliermans, C. B.  E. L. Schmidt. 1977. 
Immunofluorescence  autecological study  
unicellular bluegreen alga. J. Phycol. 13: 
364-368. 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 33  40 

Gallagher, E. D., P. . Jumars,  G. L. Taghon.1988. 
production  monospecific antisera  soft-bottom 
benthic taxa. Pp. 74-98  C. M. Yentsch, F. C. 
Mague,  P. K. Horan eds., Immunochemical 
approaches  coastal, estuarine,  oceanographic 
questions. Lecture notes  coastal  estuarine 
studies. Springer-Verlag,  York. [Individual 
antigen-antibody precipitin lines excised 
immunoelectrophoresis slides  used 
immunogen  produce antisera  react   single 

protein. Methods adapted  Krøll (1981) 

Vaitukaitis (1981)] 
Higgins, K. W. 1979.  preliminary investigation  immuno­

trophic analysis  marine sciences. Unpublished 
M. Sc. Thesis. Louisiana State University. 

Kear, . J. 1992.  diet  Antarctic squid: comparison 
conventional  serological gut content analyses. J. 
exp. Mar. Biol. Ecol. 156: 161-178. 

Kierens, W. J. 1977.  immunochemically assisted ichthyo­
plankton survey  elaboration  species-specific 
antigens  fish-egg vitellins; Southern  Jersey 
barrier island-lagoon complex. Ph.D. 
dissertation. Lehigh University. 166 pp. 

Piront, .  C. Gosselin-Rey. 1975. Immunological cross-
reactions among Gadidae parvalbumins. 
Biochemical Systematics  Ecology 3:  251-255. 

Schantz, E. J. 1977. Immunological aspects  fish  shellfish 
poisons. Pp. 260-266  N. Catsimpoolas, ed., 
Immunological aspects  foods. AVI Publishing 
Co., Westport, Conn. 

Stanley, P. M., M. . Gage,	  E. L. Schmidt. 1979. Enumer­
ation  specific populations 
immunofluorescence. Pp. 46-55  J. W. costerton 
R. R. Colwell (eds.) Native aquatic bacteria: 
enumeration, activity  ecology. ASTM Special 
Technical Publication 695, Philadelphia Pa. 

Suzuki, ., J. Yamada,  J. M. Macaranas. 1981. Species 
identification  molluscs  crustaceans  means  
latex agglutination test. Bulletin Japan Soc. 
scient. Fish 47:  365-370. 

Van Wormhoudt, . 1983. Variations immunoquantitatives 
de l’ á-amylase au cours du cycle d’intrmue a` 
differentes saisons chez Palaemon serratus 
(Crustacea: Decapoda:   Natantia). Marine 
Biology 74:  127-132. 

Ward, B. B. 1982. Oceanic distribution 
ammonium-oxidizing bacteria determined 
immunoflourescent assay. Journal  Marine 
Research 40:  1155-1172. 

Ward, B. B. 1984. Combined autoradiography 
immunofluorescence  estimation  single cell 
activity  ammonium oxidizing bacteria. Limnol. 
Oceanogr. 29:  402-410. 

IT
Stamp



 

  

 

 

 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 34  40 

Ward, B. B.  M. J. Perry. 1980. Immunoflourescent assay  
marine ammonium-oxidizing bacterium 
Nitrosococcus oceanus. Applied  Environmental 
Microbiology 39:  913-918. 

Ward, B. B., R. J. Olson,  M. J. Perry. 1982. Microbial 
nitrification rates   primary nitrite maximum 
southern California. Deep-Sea Research 29: 
247-255. 

Westbroek, P., P. H. van der Meide, J. S. van der 
Wey-Kloppers, R. J. van der Sluis, J. W. de 
Leeuw,  E. W. de Jong. 1979. Fossil 
macromolecules  cephalopod shells: 
characterization, immunological response 
diagenesis. Paleobiology 5:  151-167. 

Wilhelmi, R. W. 1944. Serological relationships  
Mollusca   invertebrates. Biological Bulletin 87: 
96-105. 

Wright, C. . 1974. Biochemical  immunological taxonomy 
 mollusca. Pp. 351-385  C. . Wright, ed., 
Biochemical  immunological taxonomy 
animals. Academic Press, London  York. 490 
pp. 

Yentsch, C. M., P. K. Horan, K. Muirhead, Q. Dortch, E. 
Haugen, L. Legendre, L. S. Murphy, M. J. 
Perry, D. . Phimmey, S. . Pomponi, R. W. 
Spinrod, M. Wood, C. . Yentsch, B. J. 
Zahurenec. 1983. Flow cytometry  cell sorting:  
technique  analysis  sorting  aquatic particles. 
Limnol. Oceanogr. 28:  1275-1280. 

Immunofluorescent assays 

Campbell, L., E. J. Carpenter,  V. J. Iacono. 1983. Identi­
fication  enumeration  marine chroococcoid 
cyanobacteria  immunofluorescence. Applied 
Environmental Microbiology 46:  553-559. 

Dahle, . B.  M. Laake. 1982. Diversity dynamics  marine 
bacteria studied  immunofluorescent staining 
membrane filters. Appl. Env. Microbiol. 43: 
169-173. 

Fliermans, C. B.  E. L. Schmidt. 1977. 
Immunofluorescence  autecological study  
unicellular bluegreen alga. J. Phycol. 13: 
364-368. 

Stanley, P. M., M. . Gage,  E. L. Schmidt. 1979. Enumer­
ation  specific populations 
immunofluorescence. Pp. 46-55  J. W. costerton 
R. R. Colwell (eds.) Native aquatic bacteria: 
enumeration, activity  ecology. ASTM Special 
Technical Publication 695, Philadelphia Pa. 

Ward, B. B. 1982. Oceanic distribution 
ammonium-oxidizing bacteria determined 
immunofluorescent assay. Journal  Marine 
Research 40: 1155-1172. [Antisera produced  
major marine nitrifiers] 

Ward, B. B. 1984. Combined autoradiography 
immunofluorescence  estimation  single cell 
activity  ammonium-oxidizing bacteria. Limnol. 

Oceanogr. 29: 402-410. [Fliermans & 

Schmidt’s (1977) soil method applied  pelagic 
nitrifiers] 

Ward, B. B.  M. J. Perry. 1980. Immunofluorescent assay  
marine ammonium-oxidizing bacterium 
Nitrosococcus oceanus. Applied  Environmental 
Microbiology 39:  913-918. 

Zambon, J. J., P. S. Huber, . E. Meyer, J. Slots, M. S. 
Fornalik,  R. E. Baier. 1984.  situ identification 
bacterial species  marine microfouling films 
using  immunofluorescence technique. Appl. 
Environ. Micro. 48:  1214-1220.

 Studies  Food Webs Using Serology 

Boreham, P. F. L.  C. E. Ohiagu. 1978.  serology 
evaluating prey-predator relationships:   review. 
Bull. ent. Res. 68:  171-194. 

Brooke, M. M.  H. O. Proske. 1946. Precipitin test 
determining natural insect predators  immature 
mosquitoes. Journal   National Malaria Society 
5: 45-56. 

Calver, M. C. 1984. 	 review  ecological applications 
immunological techniques  diet analysis. 
Australian Journal  Ecology 9:  19-25. 

Davies, R. W. 1969.  production  antisera  detecting 
specific triclad antigens  gut contents 
predators. Oikos 20:  248-260. 

Davies, R. W., F. J. Wrona,  R. P. Everett. 1978.  sero­
logical study  prey selection  Nephelopsis 
obscura Verrill (Hirudinoidea). . J. Zoool. 56: 
587-591. 

Fichter, B. L.  W. P. Stephen. 1981. Time related decay 
prey antigens ingested  predator Podisus 
maculiventris (Hemiptera, Pantatomidae) 
detected  ELISA. Oecologia 51:  404-407. 

Greenstone, M. H. 1977.  passive haemagglutination 
inhibition assay   identification  stomach 
contents  invertebrate predators. J. appl. Ecol. 
14:  457-464. 

Healey, J. .  T. F. Cross. 1975. 
Immunoelectroosmophoresis  serological 
identification  predators  sheep tick Ixodes 
ricinus. Oikos 26:  97-101. 

Miller, M. C. 1979. Serology  insect predator-prey 
studies. Misc. Publ. Entomol. Soc. Amer. 11: 
1-84. 

Pickavance, J. R. 1970.   approach   immunological 
analysis  invertebrate diets. J. Animal Ecology 

39: 715-724. [ paper led  Feller et al. 1979] 
Sunderland, K. D.  S. L. Sutton. 1980.  serological study 

IT
Stamp



 

 

 

arthropod predation  woodlice  dune grassland 
ecosystem. J. Animal Ecology 49:  987-1004. 

Tempelis, C. H. 1975. Host-feeding patterns  mosquitoes  
review  advances  analysis  blood meals 
serology. J. med. Ent. 11:  635-653. 

General Techniques Papers 

Axelsen, N. H.  E. Bock. 1972. Identification  quantifi­
cation  antigens  antibodies  means  quantitative 
immunoelectrophoresis.  survey  methods. 
Journal  Immunological Methods 1:  109-121. 

Engvall, E. 1980. Enzyme immunoassay ELISA  EMIT. 
Methods  Enzymology 70A:  419-439. 

Falini, B.  C. R. Taylor. 1983.  developments  immuno­
peroxidase techniques   application. Arch. Path. 
Lab. Med. 107:  105-117. 

Harboe, N.  . Ingild. 1973. Immunization, isolation 
immunoglobulins, estimation  antibody titre. 
Scand. J. Immunol. Suppl. 1:  161-164. 

Hsu, Su-Ming, L. Raine,  H. Fanger. 1981.  
Avidin-Biotin-Peroxidase complex (ABC) 
immunoperoxidase techniques. Journal 
Histochemistry  Cytochemistry 29:  577-580. 

Krøll, J. 1973. Line immunoelectrophoresis. 
Scandinavian Journal  Immunology 
2-Supplement 1:  61-67. 

Krøll, J. 1973. Rocket-line immunoelectrophoresis. 
Scandinavian Journal  Immunology 2 
Supplement 1:  83-87. 

Laurell, C.-B.,  E. J. McKay. 1981. Electroimmunoassay. 
Methods  Enzymology 73B:  339-370. 

Production  Monospecific Antisera Using 

Precipitin 

Alexander, . G.  G. E. Kenny. 1977. Characterization 
membrane  cytoplasmic antigens  Mycolplasma 
arginini  two-dimensional (crossed) 
immunoelectrophoresis. Infection  Immunity 15: 
313-321. 

Caldwell, H. D., C. C. Kuo,  G. E. Kenny. 1975. 
Antigenic analysis  Chlamydiae 
two-dimensional immunoelectrophoresis. II. 
Trachoma-LGV specific antigen.  Journal 
Immunology 115:  969-975. 

Crowle, . J., G. J. Revis,  K. Jarrett. 1972. Preparatory 
electroimmunodiffusion  making precipitins 
selected native antigens. Immunol. Commun. 1: 
325-336. 

Krøll, J. 1981. Production  specific antisera 
immunization  precipitin lines. Methods 
Enzymology 73B:  52-57. 

Vaitukaitis, J,. J. B. Robbins, E. Nieschlag,  G. T. Ross. 
1971.  method  producing specific antisera  
doses  immunogen. J. Clin. Endocr. 33: 
988-991. 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 35  40 

Vaitukaitis, J. L. 1981. Production  antisera   doses 
immunogen:  multiple intradermal injections. 
Methods  Enzymology 73B:  46-52. 

Hybridomas  Monoclonal Antibodies 

Galfre, G.  C. Milstein. 1981. Preparation  monoclonal 
antibodies:  strategies  procedures. Methods 
Enzymology 73B:  1-46. 

Goding, J. W. 1980. Antibody production  hybridomas. 
Journal  Immunological Methods 39:  285-308. 

Köhler, G.  C. Milstein. 1975. Continuous cultures  fused 
cells secreting antibody  predefined specificity. 
Nature 256:  495-497. 

PRO FOOD WEB THEORY 

Armstrong, R. . 1982.  effect  connectivity  community 
stability. American Naturalist 120: 391-402. [ 
relatively complex mathematical analysis 
connectivity  community stability] 

Auerbach, M. J. 1979.  real communities  unstable. 
Nature 279:  821. 

Auerbach, M. J. 1984. Stability, probability,  topology 
food webs. Pp. 413-436  D. R. Strong, D. 
Simberloff, L. G. Abele,  . B. Thistle, eds., 
Ecological communities:  conceptual issues  
evidence. Princeton University Press, Princeton, 
N. J. 

Bradley, R. . 1983. Complex food webs  manipulative 
experiments  ecology. Oikos 41: 150-152. 

Briand, F. 1983. Environmental control  food-web 
structure. Ecology 64: 253-263. 

Briand, F.  J. E. Cohen. 1984. Community food webs 
scale invariant structures. Nature 307: 264-267. 

Briand, F.  J. E. Cohen. 1987. Environmental correlates 
food chain length. Science 238: 956­
960.[Average  maximal food chain lengths 
independent  primary productivity 
environmental variability. However, 3­
dimensional habitats (e.g.,  ocean  forest 
canopy) longer food chain lengths 2­

dimensional habitats.   Moore et al.'s 1989 
commentary] 

Briand, F.  J. E. Cohen. 1989. Habitat compartmentation 
environmental correlates  food chain length. 
Science 243: 238-243. 

Cohen, J. E. 1977. Food webs  dimensionality  trophic 
niche space. Proc. Natl. Acad. Sci. USA  74: 
4533-4536. 

Cohen, J. E. 1977. Ratio  prey  predators  community 
food webs. Nature 270: 165-167. 

Cohen, J. E. 1978. Food webs  niche space. Princeton 
University Press, Princeton. [ landmark study 
introduced  modern era  food-web analyses.] 

IT
Stamp



 

 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 36  40 

Cohen, J. E. 1989. Food webs  community structure. Pp. 
181-202  J. Roughgarden, R. M. May  S. . 
Levin, eds. Perspectives  Ecological Theory. 
Princeton University Press, Princeton. 

Cohen, J. E. 1990.  stochastic theory  community food 
webs. VI. Heterogeneous alternatives  cascade 
model. Theor. Pop. Biol. 37: 55-90. [ cascade 
model, introduced  Cohen, Briand  Newman 
1989,  analyzed  13 alternatives] 

Cohen, J. E. 1994. Marine  continental food webs: three 
paradoxes? Phil. Trans. R. Sco. Lond B: 343: 
57-69 . 

Cohen, J. E.  F. Briand. 1984. Trophic links  community 
food webs. Proc. Natl. Acad. Sci. USA 81: 
4105-4109. 

Cohen, J. E.  C. M. Newman. 1985.  stochastic theory 
community food webs. . Models  aggregated 
data. Proc. Roy. Soc. Lond. B. 224: 421-448. [ 
cascade model  introduced] 

Cohen, J. E.  C. M. Newman. 1985.  stochastic theory 
community food webs. II. Individual webs. Proc. 
Roy. Soc. Lond. B. 224: 449-461. 

Cohen, J. E., F. Briand,  C. M. Newman. 1986.  stochastic 
theory  community food webs. III. Predicted 
observed lengths  food chains. Proc. Roy. Soc. 
Lond. B. 228: 317-353. [ predictions   cascade 
model  tested against real webs] 

Cohen, J. E.  C. M. Newman. 1988. Dynamic basis  food-
web organization. Ecology 69: 1655-1664. [ 
review  link-scaling  hyperbolic connectance 
laws,  cascade model  dynamic Lyapunov 
stability model (combined   assumption 
unrecorded links  ecologists' webs)  explain 
cascade model] 

Cohen, J. E., F. Briand,  C. M. Newman. 1990. 
Community food webs: data  theory. Springer-
Verlag,  York. [ book   reserve   course  
UMASS/Boston library] 

Cohen, J. E.  Z. J. Palka 1990.  stochastic theory  food 
webs. V. Intervality  triangulation   trophic-
niche overlap graph.  Nat 135: 435-463. 

Cohen, J. E.  C. M. Newman. 1991. Community area 
food-chain length: theoretical predictions. 
Amer. Natur. 138: 1542-1554. 

DeAngelis, D. L. 1975. Stability  connectance  food web 
models. Ecology 56: 238-243. [ food web 
characterized  low assimilation efficiencies, 
bias  strong self regulation  higher trophic-level 
species,   bias  donor dependence,  P(stability) 
increase  increasing connectance] 

DeAngelis, D. L., R. . Goldstein,  R. V. O'Neill. 1975. 
model  trophic interaction. Ecology 56: 
881-892. [Suggests  mutual interference  likely   
major stabilizing factor  nonlinear systems.] 

DeAngelis, D. L.  R. . Goldstein. 1978. Criteria  forbid  , 
nonlinear food-web model   more   equilibrium 
point. Mathematical Biosciences 41:  81-90. 

Emlen, J. M. 1984. Population biology.  coevolution 
population dynamics  behavior. MacMillan 
Publishing Co.,  York. [Presents clear 
descriptions   community matrix  mathematical 
criteria  stability] 

Gallopin, G. C. 1972. Structural properties  food webs. 
Pp. 241-282  B. C. Patten, ed., Systems analysis 
simulation  ecology. Vol. 2. Academic Press, 
York. 

Goodman, D. 1975.  theory  diversity-stability 
relationships  ecology.  Quarterly Review 
Biology 50: 237-266. [ simple relationship 
species diversity  community (food web) 
stability.] 

Harary, F. 1961.  eats . General Systems 6: 41-44. 
Havens, K. 1992. Scale  structure  natural food webs. 

Science 257: 1107-1109. [3 scaling laws 
evaluated:   species scaling law,  link scaling 
law   link-species scaling law. Data  50 webs  
York's Adirondack's  S ranging  10  74 species. 
first 2 laws  supported,  third  refuted. Havens 
concludes, "Powerful patterns  community 
structure  exist  nature...Ecologists   turn  more 
interesting question   causes  patterns.] 

Higashi, M., T. P. Burns,  B. C. Patten. 1989. Food 
network unfolding:  extension  trophic dynamics 
application  natural ecosystems. J. Theor. Biol. 
140: 243-261. 

Isaacs, J. D. 1972. Unstructured marine food webs 
"pollutant analogues."  Fishery Bulletin 70: 
1053-1059. [ simple compartment model 
approach.  term `unstructured food webs'  
misnomer.] 

Isaacs, J. D. 1973. Potential trophic biomasses 
trace-substance concentrations  unstructured 
marine food webs. Marine Biology 22:  97-104. 
[More structure  unstructured food webs] 

Isaacs, J. D. 1976. Reproductive products  marine food 
webs. Bull. South. Calif. Acad. Sci. 75: 
220-223. [ marine food webs, rabbits eat 
foxes!] 

Kercher, J. R.  H. H. Shugart. 1975. Trophic structure, 
effective trophic position,  connectivity  food 
webs. American Naturalist 109: 191-206. [ 
interesting definition  trophic level  discussion  
relationship  biomass  food web connectivity] 

Kerfoot, W. C.  D. L. DeAngelis. 1989. Scale-dependent 
dynamics: zooplankton   stability  freshwater 
food webs. Trends  Ecology  Evolution 4: 167­
171. 

Lange, J. D.  	. C. Hurley. 1975.  theoretical treatment 
unstructured food webs. Fishery Bulletin 73: 
378-381. [L & H analyze Isaac's `unstructured 
food webs' using standard matrix notation] 

Lawton, J. H.  S. L. Pimm. 1978. Population dynamics  
length  food chains. Nature 272:  190. 

IT
Stamp



 

 

   

 

 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 37  40 

Levins, R. 1975. Evolution  communities  equilibrium. 
Pp. 16-50  M. L. Cody  J. M. Diamond, eds., 
Ecology  evolution  communities. Belknap 
Press, Cambridge. 

Martinez, N. D. 1992. Constant connectance  community 
food webs. Amer. Natur. 139: 1208-1218. [ 
constant connectance hypothesis,  food web 
links increase  square  trophic species, 
confirmed.  contradicts  species-link scaling 
law. Invalidation  link-species scaling law 
refutes    key assumptions  Cohen's cascade 
model] 

Matsuda, H.  T. Namba. 1991. Food web graph  
coevolutionary stable community. Ecology 72: 
267-276. 

May, R. M. 1973. Stability  complexity  model 
ecosystems. Princeton University Press, 
Princeton, N. J. [Diverse well-connected model 
communities  necessarily stable.  criterion  
community governed   community matrix (c.m.) 
stable   perturbations  eigenvalues  c.m. 
negative real parts. May expands  Gardner 
Ashby's earlier Monte-Carlo analysis  finds  
stability s(mC)^0.5<1,  s   interaction strength 
m   number  species.(p. 65).] 

May, R. M. 1983.  structure  food webs. Nature 301: 566­
568. 

McMurtrie, R. E. 1975. Determinants	  stability  
randomly connected systems. Journal 
Theoretical Biology 50: 1-12. [Increasing 
connectance  size   system decrease  stability, 
while hierarchical structure stabilizes .] 

Moore, J. C.  H. W. Hunt. 1988. Resource 
compartmentation  stability  real ecosystems. 
Nature 333: 261-263. [Food webs 
compartmented  compartmentation  related 
community diversity] 

Moore, J. C., D. E. Walter,  H. W. Hunt. 1989. Habitat 
compartmentation  environmental correlates 
food chain length. Science 243: 238-239. 
response  Briand  Cohen. [ critique  Briand & 
Cohen (1987) based largely  finding  biological 
oceanographers distinguish  phytoplankton 
zooplankton   rocky intertidal ecologists  . 
Hence oceans  longer food chains  rocky 
intertidal systems. , intertidal food webs leave 
predatory fish] 

Newman, C. M.  J. E. Cohen. 1986.  stochastic theory 
community food webs. IV. Theory  food chain 
lengths   webs. Proc. Roy. Soc. London B 228: 
355-377. [Develops  theory   lengths  food 
chains] 

Pimm, S. L. 1979.  structure  food webs. Theoretical 
Population Biology 16: 144-158. [Stability 
decreases  connectance increases; omnivores 
destabilize; completely compartmentalized 
models  less stable] 

Pimm, S. L. 1980a. Properties  food webs. Ecology 61: 
219-225. [Uses  variety  characterizations  food 
webs, including Cohen's interval graph 
criterion.] 

Pimm, S. L. 1980b.  bounds  food web connectance. 
Nature 285:  511. 

Pimm, S. L. 1982. Food webs. Chapman & Hall, London. 
[ excellent introduction  food web theory  
eigenanalysis   community matrix] 

Pimm, S. L. 1984a.  complexity  stability  ecosystems. 
Nature 307: 321-326. [Pimm reviews 
controversy, defines complexity  stability,  urges 
more field experimentation  tractable 
theoretical predictions.] 

Pimm. S. L. 1984b. Food chains  return times. Pp. 
397-412  D. R. Strong, D. Simberloff, L. G. 
Abele,  . B. Thistle, eds., Ecological 
communities:  conceptual issues   evidence. 
Princeton University Press, Princeton, N. J. 

Pimm, S. L. 1991.  balance  nature?  Ecological issues  
conservation  species  communities. U. Chicago 
Press, Chicago. [Chapter 4 contains  nice 20+ 
page review   food-web literature] 

Pimm, S. L.  J. H. Lawton. 1977. Number  trophic levels 
ecological communities. Nature 268:  329-331. 
[Food webs  short, less  4  5 links.  believe 
number  trophic links  constrained  population 
dynamics,  energetics.  test  ideas  randomly 
constructed community matrices.] 

Pimm, S. L.  J. H. Lawton. 1978.  feeding  more   trophic 
level. Nature 275:  542-544.[Randomly 
constructed community matrices show  webs  
numbers  omnivores   rare   omnivores  feed 
high  low   web. Using Cohen’s webs, 
predictions  confirmed] 

IT
Stamp



 

 

 

 

  

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 38  40 

Pimm, S. L.  J. H. Lawton. 1980.  food webs divided 
compartments?  Journal  Animal Ecology 49: 
879-898. [Randomly constructed webs  less 
likely  stable  more species  contain,  more 
interactions species,   greater  intensity  
interactions. P & L test  null hypothesis  
compartmentalization;  evidence  compartments 
.] 

Pimm, S. L.  R. L. Kitching. 1987.  determinants  food 
chain lengths. Oikos 50: 302-307.[Food chains 
usually short (=<4), due   energetic  dynamic-
stability constraints. Using experiments  webs 
rain-forest pitcher plants,  productivity 
hypothesis  rejected.] 

Pimm, S. L.  J. C. Rice. 1987.  dynamics  multispecies, 
multi-life-stage models  aquatic food webs. 
Theor. Pop. Biol. 32: 303-325. [ Lyapunov 
stability  simple food webs   species  
developmental stages   omnivorous  assessed. 
Life-stage omnivory  destabilizing, much  one-
stage omnivory.] 

Pimm, S. L.  R. L. Kitching. 1988. Food web patterns: 
trivial flaws   basis   active research program? 
Ecology 69: 1669-1672. [Argues   latter] 

Pimm, S. L., J. H. Lawton,  J. E. Cohen. 1991. Food web 
patterns   consequences. Nature 350: 669-674. [ 
recent review   +'s  -'s  food web theory] 

Post, W. M.  S. L. Pimm. 1983. Community assembly 
food web stability. Mathematical Biosciences 
64: 169-192. [P & P assemble food webs using 
stochastic colonization model  test  webs con­
nectedness  stability.] 

Power, M. E. 1990. Effects  fish  river food webs. 
Science 250: 811-814. 

'Rejmanek, M.  P. Stary. 1979. Connectance  real biotic 
communities  critical values  stability  model 
ecosystems. Nature 280:  311-313. 

Ripa, J, P. Lundberg  V. Kaitala. 1998.  general theory 
environmental noise  ecological food webs. 
American Naturalist 151: 256-263. [Theoretical 
analysis   Jacobian matrix  noise  pertubrations. 
Pretty  removed  real food webs] 

Roberts, F. S. 1978. Graph theory   applications 
problems  society. SIAM Publications, 
Philadelphia. [Chapter 5  devoted  food webs, 
niche overlap graphs   boxicity  phase space] 

Schoener, T. W. 1989. Food webs   . Ecology 70: 1559­
1589. [ excellent overview  Schoener's island 
lizard studies  cross-habitat comparisons  food-
web structure] 

Schoenly, K.  J. E. Cohen. 1991. Temporal variation  food 
web structure:  16 empirical cases. Ecol. 
Monogr. 61: 267-298. 

Schoenly, K., R. . Beaver,  T. . Heumier. 1991.   trophic 
relations  insects:  food-web approach. Amer. 

Natur. 137: 597-638. 
Sugihara, G. 1984. Graph theory, homology  food webs. 

Proc. Symp. Appl Math. 30: 83-101 
Sugihara, G., K. Schoenly,  . Trombla. 1989. Scale 

invariance  food web properties. Science 245: 
48-52. [ trophic species  lumped using cluster 
analysis,  Cohen-Briand-Pimm-Sugihara 
empirical generalizations  maintained.] 

Warren, P. H. 1990. Variation  food-web structure: 
determinants  connectance. Amer. Natur. 136: 
689-700. 

Warren, P. H.  J. H. Lawton. 1987. Invertebrate predator-
prey body size relationships:  explanation  upper 
triangular food webs  patterns  food web 
structure? Oecologia 74: 231-235. 

Williams, R. J.  N. D. Martinez. 2000. Simple rules yield 

complex food webs. Nature 404: 180-183.{38} 
Williams, R. J, E. L. Berlow, J. . Dunne, A-L. Barabási 

N. D. Martinez. 2002. Two degrees  separation 
complex food webs. Proc.Natl. Acad. Sci. USA 
99: 12913–12916.[Species   2 links apart  7 real 

foodwebs  food webs simulted  Willams & 

Martinez’s (2000)food web model.]{?} 

Wilson, D. S. 1976. Evolution  level  communities. 
Science 192: 1358-1360. 

Yodzis, P. 1980.  connectance  real ecosystems. Nature 
284:  544-545. 

Yodzis, P. 1981.	  stability  real ecosystems. Nature 289: 
674-676. [Analyzes 40 real food webs  Briand, 
ecological stability.  results favor  view 
communities  equilibrium.] 

Yodzis, P. 1982.  compartmentation  real  assembled 
ecosystems. American Naturalist 120: 551-570. 

Yodzis, P. 1984. Energy flow   vertical structure  real 
ecosystems. Oecologia 65: 86-88. 

ANTI-FOOD-WEB THEORY 

Bengtsson, J. 1994. Confounding variables  independent 
observations  comparative analyses  food webs. 
Ecology 75: 1282-1288. [Analyses  Cohen's 
food-web data] 

Critchlow, R. E.  S. S. Stearns. 1982.  structure  food 
webs. American Naturalist 120:  478-479.[ 
critique  Cohen's method  analyzing food webs] 

Hastings, . 1988. Food web theory  stability. Ecology 69: 
1665-1668. [Food web models   detailed  
assess stability. Spatial  temporal variability 
ignored  food web theory] 

Martinez, N. D. 1991. Artifacts  attributes?  Effects 
resolution  Rock Lake food web. Ecol. 
Monogr. 61: 367-392. 

IT
Stamp



 

EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 39  40 

Paine, R. T. 1980. Food webs:  linkage, interaction 
strength  community infrastructure. Journal 
Animal Ecology 49: 667-685. [ critique   naive 
analysis  food webs; predator-prey links, even 
weighted  reflect energy transfer, provide 
information   processes controlling rocky 
intertidal communities.] 

Paine, R. T. 1988. Food webs: road maps  interactions 
grist  theoretical development. Ecology 69: 
1648-1654. 

Peters, R. H. 1988.  general problems  ecology illustrated 
food web theory. Ecology 69: 1673-1676. 

Index 

Peters, R. H. 1991. critique  ecology. Cambridge 
University Press, Cambridge. [Food web 
connectance pattern may  mathematical 
artefact] 

Polis, G. . Complex trophic interactions  deserts: 
empirical critique  food-web theory. Amer. 
Natur. 138: 123-155. 

Strong, D. R. 1988. Food web theory:  ladder  picking 
strawberries?  Ecology 69: 1647. 

Warren, P. H. 1989. Spatial  temporal variation   structure 
 freshwater food web. Oikos 55: 299-311. 

Winemiller, K G. 1989.  connectance decrease  species 
richness? Amer. Natur. 134: 960-968. 

Winemiller, K. O. 1990. Spatial  temporal variation 
tropical fish networks. Ecological Monographs 
60: 331-367. 

Ampelisca  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21


abdita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21


vadorum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21


17 ,16 ,12Assemblage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Autoradiography  34 ,33. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Bacteria  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 34 ,33 , 12-15 ,4  

bioaccumulation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10


Biogenic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28


biological interactions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19, 26, 29


competition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1­ 
 32 ,29 ,28 , 16-26 ,13 ,8  

Biomass spectra  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18


Bioturbation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16


26 ,4Capitella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Carnivores  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27


Ciliates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14


36 ,23 ,15Coevolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


36 , 28-32 ,25 , 18-20 ,16 ,11 ,8Community structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Competitive bottlenecks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17


Convergence  24 ,22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Conveyor-belt feeders 

Leitoscoloplos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

14 ,4DCMU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Deposit feeders  30 ,27 ,15 ,14 ,12 ,8 ,7 ,4 ,3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Destabilizing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38


Disturbance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 30 ,27 , 23-25 ,20 ,19 ,16 

36 ,34 ,32 ,29 ,27 ,26 ,24 ,23 , 18-20 ,16 ,11Diversity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Species richness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39


-36 ,34 ,28 ,26 ,25 ,23 ,21 , 16-18 ,14 , Dy  namics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Equations 

Logistic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6  

31 ,30 ,27 ,26 ,22 ,18Estuary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


-36 ,32 ,22 ,20 ,18 ,15Evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


28 ,27 ,16 ,7 ,2Facilitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Feeding strategies 

38 

38 

IT
Stamp



EEOS 630 
Biol. Ocean. Processes 
Populations,  P. 40  40 

Grazing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-16, 18, 22


Omnivory  38 ,37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


39 ,38 , 26-35 , 8-21 ,2 ,1Predation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


subsurface deposit feeding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 


surface deposit feeder  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17


Gemma gemma  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18


Group selection  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25


Herbivores  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12


Immunofl  34 ,33uorescence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Indirect effect  28 ,11 ,7s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


32 , 28-30 ,26 ,21 ,13 ,8 ,2Infauna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Inhibiti  34 ,27 ,20 ,14on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Isotopes 

15 ,13radioactive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


stable  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10


Macrofauna  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 -26 ,18 ,16 ,13 ,8 ,5 ,4 28 

Meiofauna  33 , 29-31 ,27 ,26 ,19 ,18 , 12-16 ,8 ,5 ,4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


metamorphosis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17


26 ,10 ,9Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

N cycle 

Nitrification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Nitrite maximum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Nephtys  32 ,31 ,29 ,27 ,26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


38 ,36 ,35 ,25 ,22 ,21 ,17 ,16 ,6Niche . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Null hypotheses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

paradox of the plankton  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23, 24 
Pheopigments 

pheophorbide a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13


Polydora cornuta  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31


Prediction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19


Pseudoreplication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20


ratios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 


32 ,29 ,25 , 19-21 ,17 ,14 ,11Recruitment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Redfield ratios  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 


Resource . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2­ 
 37 ,27 , 21-25 , 17-19 ,13 ,5  

Scavengers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32


35 ,34 ,8Serology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Sessile  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 


Settlement  30 ,18 ,17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Spatial autocorrelation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15


Species diversity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19, 20, 23, 24, 27, 32, 36


-35 ,32 ,27 ,25 ,24 ,20 ,15 ,13Stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 38 

Statistical power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30


Streblospio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18


Stress  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17


28 ,24 ,20 ,2Succession . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


surface deposit feeding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 30 , 12-14 ,7 ,3 

18 ,17 ,3Suspension feeders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


21 ,17 ,16 ,5mpatric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Sy 


32 ,26necology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Sy 


Thymidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15


21 ,17Tolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


IT
Stamp


	Assignment
	Required
	Gallagher, E. D., G. B. Gardner and P. A. Jumars  1990
	Whitlatch,  R. B. 1980

	Supplemental
	Feller, R. J., G. L. Taghon, E. D. Gallagher, G. E. Kenny, and P. A. Jumars. 1979
	Fenchel,  T. 1977. 
	Gallagher, E. D., P. A. Jumars, and D. D. Trueblood. 1983
	Virnstein, R. W. 1977


	Comments
	On benthic competition
	What resources are limiting to the soft-bottom benthos?
	Exploitative competition for diatoms

	Competitive bottlenecks
	Modeling Competition
	The Lotka-Volterra Competition Model


	Facilitation
	Predation
	Does predation control soft-bottom benthic community structure?
	Methods for determining predator-prey links
	Conclusions on predation effects


	References
	Grazing, primarily on benthic diatoms
	On Competition
	Evidence for in benthic systems
	Soft Bottom Benthos
	Hard-bottom benthos

	Character displacement and Resource Partitioning
	Measuring Interspecific Competition Coefficients (Methods)
	Competitive exclusion (or the lack of it)
	On Modeling Competition

	Soft-bottom Predation
	Synecology
	Autecology of individual soft-bottom predator species:

	Hard-substrates ( selective listing):
	Synecology

	Serological Applications  Marine Ecology
	Marine Ecology
	Immunofluorescent assays
	 Studies  Food Webs Using Serology
	General Techniques Papers
	Production  Monospecific Antisera Using Precipitin
	Hybridomas  Monoclonal Antibodies 

	Pro Food web theory
	Anti-food-web theory

	Index

