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Abstract

In their search for ever better trophic models, ecologists have often tried aggregating the number of species in order
to better focus upon the variables that most interest them. Previous attempts at aggregating food webs have yielded
varied results. We studied a series of different taxonomic aggregations on the same trophic network model of the
Chesapeake Bay. The original 50-compartment model, which served as the control configuration, exhibited the
highest value for the ascendency index. As expected, in those systems with fewer compartments the ascendency
declined in monotonic fashion. The ascendency dropped precipitously for systems with fewer than 40 compartments
and achieved its lowest value for systems with less than 29. Systems with the same number of compartments but
different aggregations of species yielded different values of the ascendency. The aggregation of bacteria and ciliates
resulted in a precipitous drop in the information of the network, revealing perhaps the significance of the microbial
loop. Direct and indirect trophic impacts were also affected by the nature of the aggregation, and the impacts seemed
to be exaggerated whenever species were lumped into single compartments. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The practice of grouping species is an exercise
common to all forms of ecological modeling, and
the reasons why particular species might be
grouped are many. One reason why species are
combined is that they are difficult to segregate,
either physically or taxonomically. Another rea-
son might be that the modeling of a food web or

network is the collateral result of a much broader
task. Under such circumstances, the creation of a
trophic web may not have been contemplated
among the original objectives, so that there re-
mains a lack of information with which to segre-
gate certain species.

Taxonomic aggregation carries with it a series
of problems. The effects of lumping upon food
web analysis have received some attention (e.g.
Pimm, 1982; Yodzis, 1984; Lawton and Warren,
1988; Martinez, 1993, 1994; Martinez and Law-
ton, 1995; Polis and Hurd, 1995; Winemiller,
1996), but less effort has been expended to illu-
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Table 1
Compartments, ecological parameters and the source of the
data used to compile the trophic network for the Chesapeake
Bay model

ReferenceCompartment Parameter

McManus andBiomassPhytoplankton
Ederington-Cantrell
(1992)

P/R=0.24/d Sellner (1987)
Wiebe and SmithDOC Biomass
(1977)
Larsson and
Hagstrom (1979)
Fenchel (1982)
Woltes (1982)
Ulanowicz and
Baird (1986)

Bacteria
Tuttle (1997, pers.Acartia tonsa Biomass
comm.)

Other Biomass White and Roman
(1992)Zooplankton
Ulanowicz andP/B=0.8/d
Baird (1986)

P/R=0.71/d Vezina and Pace
(1994)
Sanders andAssim. Eff.=0.75
Wickham (1993)

Cladocera Purcell andBiomass
Nemazie (1992)
Jorgensen et al.P/B=0.79/d
(1991)
Jorgensen et al.P/R=1.13/d
(1991)
Vezina and PaceAssim. Eff. 0.65
(1994)

DensityChrysaora Purcell (1992)
quinquecirrha

Purcell (1992)Biomass in
carbon=0.000215
×Diam2.903

Ulanowicz andP/B=0.12/d
Baird (1986)
Ulanowicz andP/R=0.17/d
Baird (1986)

Mnemiopsis
leidyi

Density-BiomassNemopsis bachei Purcell et al.
(1994), Purcell and
Nemazie (1992)

P/B=0.12/d Ulanowicz and
Baird (1986)

Table 1 (Continued)

Compartment Parameter Reference

P/R=0.17/d Ulanowicz and Baird
(1986)

Ciliates
Dolan (1991a)Microphagous 10×12 to 60×25

�m2

Macrophagous 20×10 to 100×45 Dolan (1991a)
�m2

Dolan (1991a)Predaceous 30×25 to 150×50
�m2

Volume to carbon 0.088 pgC/�m3

constant
P/B=0.64/d Dolan (1991b)
P/R=0.75/d Ulanowicz and Baird

(1986)
Ulanowicz and BairdAss. Eff.=0.75
(1986)

Duguay andAmphipoda Density
Shoemaker (1995)
Jorgensen et al.Biomass: indiv. dry

weight=0.037 mg (1991)
37% of DW as Jorgensen et al.

(1991)carbon
Ulanowicz and BairdP/B=0.0088/d
(1986)

P/R=0.0011/d Ulanowicz and Baird
(1986)

Density Duguay andPolychaetes
Shoemaker (1995)
Vega-Cendejas et al.Biomass: 0.34 mg
(1993)C/ind.
Ulanowicz and BairdP/B=0.03/d
(1986)
Ulanowicz and BairdP/R=0.005/d
(1986)
Vega-Cendejas et al.Ass. Eff.=20%
(1993)

Gerritsen et al.Macoma balthica Density
(1994)
Jorgensen et al.Biomass
(1991)

=AFDW:Carbon
0.4
P/B=1.49 Ulanowicz and Baird

(1986)
P/R=0.33 Ulanowicz and Baird

(1986)

Gerritsen et al.Macoma mitchelli Density
(1994)
Jorgensen et al.Biomass
(1991)

=AFDW:Carbon
0.4
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Table 1 (Continued)

ReferenceCompartment Parameter

P/B=1 Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/R=0.35
(1986)

Rangia cuneata Biomass Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/B=1
(1986)
Ulanowicz and BairdP/R=0.37
(1986)

Mulinea lateralis Gerritsen et al.Density
(1994)
Ulanowicz and BairdP/B=1
(1986)

P/R=0.5 Ulanowicz and Baird
(1986)

Mya arenaria Gerritsen et al.Density
(1994)

P/B=2 Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/R=0.37
(1986)

BiomassCrasostrea Ulanowicz and Baird
(1986)�irginica
Ulanowicz and BairdP/B=1.3
(1986)
Ulanowicz and BairdP/R=1.3
(1986)

BiomassCallinectes sapidus Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/B=2/d
(1986)

P/R=0.35/d Ulanowicz and Baird
(1986)

Anchoa mitchilli Ulanowicz and BairdBiomass
(1986)
Ulanowicz and BairdP/B=1/summer
(1986)
Ulanowicz and BairdP/R=0.26/d
(1986)

BiomassMicropogon Ulanowicz and Baird
(1986)undulatus

P/B=0.49/summer Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/R=0.45/d
(1986)

Trinectes Biomass Ulanowicz and Baird
(1986)maculatus
Ulanowicz and BairdP/B=0.48/summer
(1986)

Table 1 (Continued)

ReferenceCompartment Parameter

P/R=0.35/d Ulanowicz and Baird
(1986)

Leiostomus Ulanowicz and BairdBiomass
(1986)xanthusrus
Ulanowicz and BairdP/B=0.56/summer
(1986)
Ulanowicz and BairdP/R=0.49/d
(1986)

Cynoscion regalis Biomass Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/B=0.48/summer
(1986)
Ulanowicz and BairdP/R=0.4/d
(1986)

Alosa sapidissima Ulanowicz and BairdBiomass
(1986)
Ulanowicz and BairdP/B=0.6/summer
(1986)
Ulanowicz and BairdP/R=0.5/d
(1986)

Biomass Ulanowicz and BairdAlosa
(1986)pseudoharengus

P/B=0.96/summer Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/R=0.5/d
(1986)

Alosa chrysocloris Biomass Ulanowicz and Baird
(1986)

P/B=0.96/summer Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/R=0.5/d
(1986)

Ulanowicz and BairdBre�ortia tyranus Biomass
(1986)

P/B=0.4/summer Ulanowicz and Baird
(1986)

P/R=0.13/d Ulanowicz and Baird
(1986)

Morone americana Biomass Ulanowicz and Baird
(1986)
Ulanowicz and BairdP/B=0.4/summer
(1986)

P/R=0.42/d Ulanowicz and Baird
(1986)

BiomassMorone saxatilis Ulanowicz and Baird
(1986)

P/B=0.4/summer Ulanowicz and Baird
(1986)

P/R=0.42/d Ulanowicz and Baird
(1986)
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Table 1 (Continued)

ReferenceCompartment Parameter

Biomass Ulanowicz and BairdPomatomus
saltatrix (1986)

Ulanowicz and BairdP/B=0.41/summer
(1986)
Ulanowicz and BairdP/R=0.42/d
(1986)

Biomass Ulanowicz and BairdParalichthyes
dentatus (1986)

Ulanowicz and BairdP/B=0.35/summer
(1986)
Ulanowicz and BairdP/R=0.42/d
(1986)

Ulanowicz and BairdBiomassArius felis
(1986)
Ulanowicz and BairdP/B=2.21/summer
(1986)
Ulanowicz and BairdP/R=3.08/d
(1986)

their identification of taxa was made only after
considering trophic similarities. The species aggre-
gation they chose ensured that the major commu-
nity components—plankton, benthos, and
nekton—would remain intact.

In her doctoral dissertation, Optiz (1993) com-
pressed a coral reef network of more than 60
species into one with only 30 compartments. In
order to test whether there were changes in the
information content of the network after it had
been reduced in size, Opitz performed two further
aggregations. As little further changes in the net-
work ascendency (a scaled measure of the infor-
mation inherent in a network configuration) were
noticed, she concluded by extrapolation that the
reduction from 60 to 30 compartments did not
appreciably affect the results. Arias-Gonzalez
(1993), studying two Polynesian reefs, applied the
ECOPATH program (Christensen and Pauly,
1992) to a matrix of 41 compartments that had
been condensed from an original network of more
than one hundred species. Unlike Optiz, Arias did
not compare the information inherent in succes-
sive stages of aggregation.

Hirata and Ulanowicz (1985) proposed a
method for aggregating networks whereby the
network’s compartments were combined in itera-
tive pair-wise fashion in such a way as to produce
the minimum decrease in the value of the ascen-
dency at each iteration. The rationale of this
methodology is quite different from the structural
approach mentioned earlier in that species are
aggregated according to the optimal behavior of a
functional index.

The goal of this exercise was to study the effect
that grouping species has on system-level informa-
tion by regarding how the calculated information
index (ascendency) changes as a series of networks
are generated via the systematic aggregation of a
50-compartment Chesapeake Bay trophic
network.

2. Methods

The Chesapeake Bay trophic network is one of
the first to be studied in terms of both its structure
and functionality (e.g. Baird and Ulanowicz,

mine the effects of grouping upon trophic net-
works (food webs wherein the transfers of matter
between compartments have been quantified to
some degree, e.g. Hirata and Ulanowicz, 1985 or
Christensen and Pauly, 1993). The probable rea-
son for the emphasis on food webs is that the
amount of information needed for their construc-
tion is far less than that required for weighted
networks, and food web analysis thereby has a
longer history.

The classical way to group species, regardless of
whether one is working with a food web or a
network, is to aggregate according to similarities
in diet. That is, species are grouped in confor-
mance with trophic guilds, or collections of spe-
cies all having a similar trophic niche (Pielou,
1977, 1984). Although grouping species according
to trophic guilds might seem appropriate, it is also
known that species within a guild exhibit many
dissimilarities like competition between members
of the guild or different food preferences due to
size (Pielou, 1977).

Baird and Ulanowicz (1993) pointed out that
the number of system compartments should be, if
not equal, at least very similar among different
ecosystems before they can be compared. Whence,
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1989; Ulanowicz and Baird, 1998). Recently,
Abarca-Arenas (1999) expanded the original 36
compartment network (Baird and Ulanowicz,
1989) to a one with 50 components by resolving
(segregating) several of the taxonomic groupings
made in formulating the original model. The
model represents an average trophic interactions
during the summer in the mesohaline reach of the
Chesapeake Bay. The names of the compart-
ments, the basic model inputs and the accompa-
nying references are all presented in Table 1.

The expanded 50-compartment model was con-
sidered to be the control, from which a series of
aggregated variations would be produced. Al-
though a numerical classification method of the
50 compartments could have been used, the objec-
tive of this work was to assume the role of a
researcher, who normally would lump species, or
groups of species in an intuitive way (as if no
quantitative data were available, and species
groupings were effected solely on the basis of
qualitative food preferences.) The aggregations
used here were based on predator–prey relation-
ships and food preferences—e.g. various ciliates
(predators) were aggregated into a single com-
partment, while three sizes of bacteria (prey) were
kept separated. In another aggregation, both bac-
teria and ciliates were condensed into single com-
partments. Proceeding in this manner, 19 different
matrices were created, all variations of the origi-
nal network. Each matrix consisted of a distinct
combination of aggregated species.

Summing all inputs and outputs of the individ-
ual compartments provided a check on mass con-
servation within each data matrix. In this way the
total amount of matter flowing in each system
(total system throughput) was maintained con-
stant and equal to that of the original matrix.
Keeping the throughflow constant is important in
order to keep system size from affecting the re-
sults. Once each new flow matrix has been
checked, the informational indices were calculated
(Ulanowicz, 1986; Ulanowicz and Norden, 1990;
Ulanowicz and Abarca-Arenas, 1997).

The magnitudes of trophic impacts between
compartments were also analyzed along with the
information indices. Although the effects of all
combinations of component upon the trophic im-

pacts were computed, only some of those combi-
nations are presented here in order to emphasize
the effect of that particular scenario. Also, only
the control system and the most aggregated net-
work (25 components) are presented as full exam-
ples. Because indirect effects between species
(compartments) could provide important informa-
tion pertaining to the management of a species, it
is important to clarify the consequences of com-
partment lumping on trophic impacts. The
method used to compute trophic impacts was that
proposed by Ulanowicz and Puccia (1990).

3. Results and analysis

The various combinations of compartments ef-
fected upon the original 50-compartment system
are presented in Table 2. The key to the combina-
tions given in the table will be the one to be used
throughout this work, and the cluster heading
denotes the kind of species or group of species
joined to form a new compartment in that partic-
ular matrix. The names of the compartments in
the original model are given in Table 1. The most
aggregated system contained a total of 22 living
compartments, while the control counted 45.
Some of the aggregated systems contained an
equal number of living compartments (e.g. GI,
GIII, GV and GVIII); but, as can be seen in
Table 2, the types and combinations of clusters
are distinct.

As an example of how the compartments were
aggregated, Fig. 1 depicts the zooplankton com-
munity as it appears in the original model (con-
trol) and in aggregation GIX. Bacteria (all three
size classes), ciliates (all three classes), medusa and
ctenophores, and Acartia tonsa, cladocera and
other zooplankton, are combined into four differ-
ent compartments as shown in Table 2. The rest
of the compartments in this particular combina-
tion remained as in the original trophic model.

The calculated values of the internal ascen-
dency, overhead and capacity (the informational
variables calculated using internal exchanges only)
for all 20 systems are presented in Table 3. The
systems are arranged in order of decreasing num-
ber of living compartments and are accompanied
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Table 2
Key to the systems used for analysis after aggregation

No. of totalKey to system No. of living Clusters
compartmentscompartments

50 Original system47Original
GI 48 45 *Free living bacteria

44 *Free living bacteria47GII
*POC attached bacteria

48 *Ciliates45GIII
GIV 46 43 *Ciliates

*Free living bacteria
48 *Medusa & Ctenophores45GV

*Ciliates43GVI 46
*Medusa & Ctenophores

44 *Free living bacteria41GVII
*Ciliates
*Medusa & Ctenophores

48 *A. tonsa & Cladocera & O. Zoopl.45GVIII
GIX 42 39 *Free living Bacteria

*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O. Zoopl.

GX 45 42 *Polychaetes
*Meiofauna

34 *Free living bacteria37GXI
*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O. Zoopl.
*Polychaetes
*Meiofauna
*Mollusks4245GXII

GXIII 43 40 *Free living bacteria
*Mollusks

29 *Free living bacteria32GXIV
*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O. Zoopl.
*Polychaetes
*Meiofauna
*Mollusks

26 *Free living bacteria29GXV
*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O. Zoopl & A. mitchilli laravae and
eggs
*Polychaetes
*Meiofauna
*Mollusks

24 *Free living bacteria27GXVI
*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O. Zoopl & A. mitchilli laravae and
eggs
*Polychaetes
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Table 2 (Continued)

No. of living ClustersKey to system No. of total
compartments compartments

*Meiofauna
*Mollusks
*Alosid Fish

46 43 *Fish ClusterGXVII
44GXVIII 41 *Fish Cluster

*A. tonsa & Cladocera & O. Zoopl. & A. mitchilli laravae and
eggs

25 22 *Free living bacteriaGXIX
*Ciliates
*Medusa & Ctenophores
*A. tonsa & Cladocera & O.Zoop & A. mitchilli laravae and eggs
*Polychaetes
*Meiofauna
*Mollusks
*Fish Cluster

The column cluster identifies those compartments that were aggregated maintaining the other compartments as in the original
system.

by their respective informational values. The orig-
inal system posted the highest values for all three
internal indices. System GXVII, wherein only the
fishes were aggregated, yielded the next highest
values of these variables, followed by the systems
with combinations of medusa with ctenophore,
and polychaetes with meiofauna—GV and GX,
respectively.

In order better to analyze the pattern by which
the index values obtained from the aggregated
systems deviate from those yielded by the original,
the differences between the original and each ag-
gregation were computed and plotted in Fig. 2.
The trend in these differences shows how the total
number of compartments is not the sole factor
determining the difference, but that the quality or
type of clustering is also an important factor
affecting the magnitude of the ascendency.

The first thing to notice in Fig. 2 is that the
departure from the original system is greatest for
those systems with the fewest number of compart-
ments. The highest difference corresponds to sys-
tem GXIX, which contains all of the clusters and
only 22 living compartments. As the number of
compartments approaches that of the original sys-
tem, a monotonic tendency towards an increasing
value of the informational indices can be dis-

cerned. There appears to be a monotonic decrease
in the difference as the number of compartments
approaches that of the original. This trend is
broken, however, by a few of the systems that
maintain a relatively large distance from the orig-
inal, despite the total number of their compart-
ments being close to that of the original.

The second point to note is that systems with
the same number of compartments yielded differ-
ent values for the informational indices. The four
systems with 45 compartments varied markedly,
from a difference of almost zero to around 25
thousand bits mg C/m2 summer. The system in
this quartet with the lowest difference was the one
containing the cluster of medusa and ctenophores
(GV), while the system with the ciliate cluster
(GIII) provided the highest difference. The system
that aggregates all three-size classes of bacteria
yielded a difference of almost 20 thousand bits.

Systems with 43 compartments varied in their
informational values as well. The system wherein
only the fish were clustered (GXVII) yielded in-
formational indices closest to those of the control.
The other two systems were relatively distant
from the original model.

A common characteristic for these two series of
systems is that clusters of small species of zoo-
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Fig. 1. Example on how the original system was aggregated:
(a) original system showing the planktonic sub-system as was
in the original trophic network, (b) aggregated network of the
planktonic sub-system as used for the system labeled as GIX
(see Table 2), the rest of trophic network remains as in the
original model.

plankton characterized those systems that devi-
ated more from the control. Similarly, a signifi-
cant drop in information due to the aggregations
of bacteria and ciliates could reveal the impor-
tance of the microbial loop within the bay’s
ecosystem. This view is supported by the results
from the system with a single cluster in the fish,
where the informational values were the closer to
he original than those of any other combinations.
Also, for those systems where bacteria were main-
tained as segregated units, the informational in-
dices changed little from those of the original.

Analyzing Fig. 2 further, a monotonic decrease
of the internal ascendency (increasing deviation
from the control system) is evident for systems
with 41 or fewer compartments. In each of these
systems, the zooplanktonic and the bacterial com-
munities were clustered (Table 2). Those systems
with higher deviation of the ascendancy from the
control system all contained aggregated zooplank-
ton and bacteria communities. When predators of
these communities were clustered but their prey
were left segregated, the informational values re-
mained closer to that of the control. This circum-
stance may suggest bottom-up control of the
trophic network of the Chesapeake Bay
community.

Concerning the trophic impact analysis, com-
parison of the control system with the more ag-
gregated ones reveals some small differences.
When the three size classes of bacteria were left
unclustered, the category of those less than one
micrometer had a positive effect on the phyto-
plankton. When the three size classes are joined as
a single compartment, a higher positive influence
was observed (although the effect of the cell be-
tween one and two micrometers on those greater
than two micrometers was negative.) The impact
of bacteria on ciliates depended on the size of the
bacteria. Larger bacteria had a negative effect on
microphagous ciliates, while the other size classes
affected all ciliates positively. When the bacteria
were all joined into a single component, the bacte-
rial compartment exerted a negative impact on the
ciliate cluster. Overall, clustering bacteria and
other members of the zooplankton community
had mixed effects on trophic impacts.

The clustering of other network compartments
yielded similar effects on the trophic impacts.
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Table 3
Results for the Internal ascendency, overhead and capacity for each one of the distinct systems obtained after the aggregation of
compartments

Internal ascendancy Internal overhead (bitsLiving Internal capacity (bitsSystem key Total
mgC/m2 summer)(bits mgC/m2 summer)compartments mgC/m2 summer)compartments

25GXIX 2976385.5522 5740865.302764479.75
27 24 2976414.32 2764465.65GXVI 5740879.97
29 26 2977092.52 2765315.31GXV 5742407.83

2766644.392977826.91 5744471.3029GXIV 32
37 34 3006302.92 2778437.57GXI 5784740.49

39 3008739.50 5827620.032818880.53GIX 42
43 40 3014604.30 2855128.73GXIII 5869733.03

3017411.2241 2843709.3544GVII 5861120.57
44 41 3048080.52 3042098.51 6090179.04GXVIII

6077367.653019314.533058053.11GX 4245
42 3035988.93 6079988.853043999.93GXII 45
43 3018820.87 5865972.842847151.97GIV 46

46 43 3032028.51 3042118.46GVI 6074146.96
3059743.90 6120086.503060342.60GXVII 46 43

44 5899995.723021091.16 2878904.57GII 47
48 45 3043080.18 2866921.91GI 5910002.09

3045600.203033428.37 6079028.5745GIII 48
45 6115403.553059080.48 3056323.07GV 48

6090348.193042120.123048228.07GVIII 4548
50 47 3060490.18 3059765.66 6120255.84Original

For system’s characteristics refer to Table 2 and the corresponding key.

Fig. 2. Difference between the internal ascedency of the original system and each reduced system, and the number of living
compartments for each system. Key to systems and their characteristics are as in Table 2.
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Although the differences in impacts between the
control and the reduced system were relatively
small in most cases, in some instances there was a
change of sign in the impact. That is, segregated
compartments yielded trophic impacts in a given
direction, whereas after clustering, the impacts
were in the opposite directions. The intent in this
paper has been to use the Chesapeake Bay for
illustrative purposes, but if the objective were
actually to manage the ecosystem, the indirect
effects of clustered compartments could have
masked species relationships that are important to
the ecosystem’s structure and functioning.

As mentioned earlier, the relationship of bacte-
ria with the phytoplankton, ciliates, and meso-
zooplankton indicates the importance of the
microbial loop within the system. When the bacte-
ria clustered, some of the trophic impacts are
depressed, thereby masking the intricate structure
of this community. Results presented by Ulanow-
icz and Baird (1998) suggests a complex interac-
tion between the bacteria and ciliates regarding
the use of phosphorous, carbon and nitrogen. The
results of this exercise show that the relationship
is perhaps even more complex by implying that
phytoplankton and some members of the meso-
zooplankton community are also involved.

4. Summary and conclusions

In the ongoing search to elaborate ecosystem
structure and functioning, ecologist have tended
to simplify system components in order to make
their models more manageable. On the other
hand, several investigators have proposed indices
that portray ecosystem characteristics in a more
synthetic way, e.g. goal functions (Mueller and
Leupelt, 1998.) In this context, increasing ascen-
dency has been widely used to quantify the
growth and development of ecosystems. In order
to assess the consequences that aggregating
ecosystem compartments has on the ascendancy
index, a series of compartment clusterings were
performed on the Chesapeake Bay trophic
network.

Although the matter of species lumping as it
pertains to food web analysis has been addressed,

almost no work has focused on how component
clustering affects weighed trophic networks.
Christensen and Pauly (1993) and Christensen
(1995) have considered the optimization of goal
variables (e.g. ascendency) after a reduction in the
number of compartments. Their goal differs from
the objective of this work, which was to investi-
gate the effect of the aggregation process itself
upon the value of the ascendancy.

As had been expected, the original (control)
system maintained the highest values of the ascen-
dancy and related indices. (This was in accor-
dance with the theoretical expectations of Hirata
and Ulanowicz (1985), who used information the-
ory to show that the ascendency value for a
system could not rise after a reduction in the
number of compartments.) Along the same lines,
the effect of clustering was clear for those systems
that were reduced to the fewest number of com-
partments. They revealed the lowest values of the
informational indices.

An interesting observation flowing from the
current work was that, even when the number of
compartments remains the same, the type of ag-
gregation can significantly affect the value of the
ascendancy. That is, the reduction of system com-
ponents not only decreases the information inher-
ent in the system, but may also affect the
structural and functional representation of the
system. The change in network structure also can
impinge upon a specie’s direct and indirect inter-
actions. Hence, whenever one is analyzing a sys-
tem in terms of an aggregated model (which is
almost always the case), strict attention should be
paid to the degree of species clustering.

It was clearly shown how the effects of species
clustering affect not only the final values of goal
functions like the ascendancy index, but also can
change the global structure of the trophic network
itself. Before analyzing a trophic network, care
should always be taken as to how and when
species are to be clustered.

Acknowledgements

While a Graduate Assistant, Luis Abarca-Are-
nas was supported by a CONACyT (Mexico)—



L.G. Abarca-Arenas, R.E. Ulanowicz / Ecological Modelling 149 (2002) 285–296 295

Fulbright (USA) Fellowship. Both authors were
supported in part by the US Environmental Pro-
tection Agency’s Multiscale Experimental Ecosys-
tem Research Center (MEERC, Contract
R819640) and the US Geological Survey Program
for Across Trophic Levels Systems Simulation
(ATLSS, Contract 1445CA09950093).

References

Abarca-Arenas, L.G., 1999. Comparing networks and food
web analyses: ecosystems patterns, trends and scale consid-
erations. PhD Dissertation, University of Maryland.

Arias-Gonzalez, J.E., 1993. Functionnement trophique d’un
Ecosysteme Reifal: Secteur de Tiahura, Ile de Moorea,
Polynesie Francaise. These de Doctorate, p. 358.

Baird, D., Ulanowicz, R.E., 1989. The seasonal dynamics of
the Chesapeake Bay ecosystem. Ecol. Monogr. 59 (4),
329–364.

Baird, D., Ulanowicz, R.E., 1993. Comparative study on the
trophic structure, cycling and ecosystem properties of four
tidal estuaries. Mar. Ecol. Prog. Ser. 99, 221–237.

Christensen, V., 1995. Ecosystem maturity— towards quantifi-
cation. Ecol. Model. 77, 3–32.

Christensen, V., Pauly, D., 1992. ECOPATH II—a software
for balancing steady-state ecosystem models and calculat-
ing network characteristics. Ecol. Model. 61, 169–185.

Christensen, V., Pauly, D., 1993. Flow characteristics of
aquatic ecosystems. In: Christensen, V., Pauly, D. (Eds.),
Trophic Models of Aquatic Ecosystems. In: ICLARM
Conf. Proc, vol. 26, pp. 338–352.

Dolan, J.R., 1991a. Microphagous ciliates in mesohaline
Chesapeake Bay waters: estimates of growth rates and
consumption by copepods. Mar. Biol. 111, 303–309.

Dolan, J.R., 1991b. Guilds of ciliate microzooplankton in the
Chesapeake Bay. Estuar. Coast. Shelf Sci. 33, 137–152.

Duguay, L.E., Shoemaker, A., 1995. Thirteen Annual Data
Report. Benthic Monitoring Studies. Maryland Depart-
ment of Natural Resources. Tidewater Administration,
Monitoring and Data Management Section. Project III,
December 1993–August 1994.

Fenchel, R., 1982. Ecology of heterotrophic microflagellates.
IV: quantitative ocurrence and importance as bacterial
consumers. Mar. Ecol. Progr. Ser. 9, 35–42.

Gerritsen, J., Holland, A.F., Irvine, D.E., 1994. Suspension-
feeding bivalves and the fate of primary production: an
estuarine model applied to Chesapeake Bay. Estuaries 17
(2), 403–416.

Hirata, H., Ulanowicz, R.E., 1985. Information theoretical
analysis of the aggregation and hierarchical structure of
ecological networks. J. Theor. Biol. 116, 321–341.

Jorgensen, S.E., Nielsen, S.N., Jorgensen, L.A., 1991. Hand-
book of Ecological Parameters and Ecotoxicology. Perga-
mon Press, Amsterdam.

Larsson, U., Hagstrom, O.A., 1979. Phytoplankton exudate
release as energy source for the growth of pelagic bacteria.
Mar. Biol. 52, 199–206.

Lawton, J., Warren, P., 1988. Static and dynamic explanation
of patterns in food webs. Trends Ecol. Evol. 3, 242–245.

McManus, G.B., Ederington-Cantrell, M.C., 1992. Phytho-
plankton pigments and growth rates, and microzooplank-
ton grazing in a temperate estuary. Mar. Ecol. Progr. Ser.
87, 77–85.

Martinez, N.D., 1993. Effects of resolution on food web
structure. Oikos 66, 403–412.

Martinez, N.D., 1994. Scale-dependent constraints on food-
web structure. Am. Natural. 144 (6), 935–953.

Martinez, N.D., Lawton, J.H., 1995. Scale and food-web
structure— from local to global. Oikos 73, 148–154.

Mueller, F., Leupelt, M., 1998. Eco Targets, Goal Functions,
and Orientors. Springer, Berlin, p. 619.

Optiz, S., 1993. A quantitative model of the trophic interac-
tions in a Caribbean coral reef ecosystem. In: Christensen,
V., Pauly, D. (Eds.), Trophic Models of Aquatic Ecosys-
tems. ICLARM Conf. Proc, vol. 26, pp. 259–267.

Pielou, E.C., 1977. Mathematical Ecology. Wiley-Interscience,
New York.

Pielou, E.C., 1984. The Interpretation of Ecological Data.
Wiley-Interscience, New York.

Pimm, S.L., 1982. Food Webs. Chapman & Hall, London.
Polis, G.A., Hurd, S.D., 1995. Extraordinarily high spider

densities on islands: flow of energy from the marine to
territorial food webs and the absence of perdition. Proc.
Natl Acad. Sci. USA 92, 4382–4386.

Purcell, J.E., 1992. Effects of predation by the scyphomedusan
Chrysaora quinquecirrha on zooplankton population in
Chesapeake Bay, USA. Mar. Ecol. Progr. Ser. 87, 65–76.

Purcell, J.E., Nemazie, D.A., 1992. Quantitative feeding ecol-
ogy of the hydromedusan Nemopsis bachei in Chesapeake
Bay. Mar. Biol. 113, 305–311.

Purcell, E.J., White, J.R., Roman, M.R., 1994. Predation by
gelatinous zooplankton and resource limitation as poten-
tial controls of Acartia tonsa copepod populations in
Chesapeake Bay. Limnol. Oceanogr. 39 (2), 263–278.

Sanders, R.W., Wickham, S.A., 1993. Planktonic protozoa
and metazoa: predation, food quality and population con-
trol. Mar. Microb. Food Webs 7 (2), 197–223.

Sellner, K.G., 1987. Phytoplankton in Chesapeake Bay: role in
carbon, oxygen and nutrient dynamics. In: Majumdar,
S.K., Hall, L.W. Jr., Austin, H.M. (Eds.), Contaminant
Problems and Management of Living Chesapeake Bay
Resources. The Pennsylvania Academy of Science, pp.
135–157.

Ulanowicz, R.E., 1986. Growth and development: ecosystems
phenomenology. Springer, New York.

Ulanowicz, R.R., Baird, D., 1986. A network analysis of the
Chesapeake Bay ecosystem. University of Maryland (UM-
CEES) CBL 86–79. Chesapeake Biological Laboratory,
Solomons, Maryland.

Ulanowicz, R.E., Norden, J.S., 1990. Symetrical overhead in
flow networks. Int. J. Syst. Sci. 21 (2), 429–437.



L.G. Abarca-Arenas, R.E. Ulanowicz / Ecological Modelling 149 (2002) 285–296296

Ulanowicz, R.E., Puccia, C.J., 1990. Mixed trophic impacts in
ecosystems. Coenoses 5, 7–16.

Ulanowicz, R.E., Abarca-Arenas, L.G., 1997. An informa-
tional synthesis of ecosystem structure and function. Eco-
logical Modelling, 95, 1–10.

Ulanowicz, R.E., Baird, D., 1998. Nutrients controls on
ecosystem dynamics: the Chesapeake Bay mesohaline com-
munity. J. Mar. Sci. 19, 159–172.

Vega-Cendejas, M.E., Arreguin-Sanchez, F., Hernandez, M.,
1993. Trophic fluxes on the Campeche Bank, Mexico. In:
Christensen, V., Pauly, D. (Eds.), Trophic Models of
Aquatic Ecosystems. In: ICLARM Conf. Proc, vol. 26, pp.
206–213.

Vezina, A.F., Pace, M.L., 1994. An inverse model analysis of
planktonic food webs in experimental lakes. Can. J. Fish.

Aquat. Sci. 51, 2034–2044.
White, J.R., Roman, M.R., 1992. Seasonal study of grazing by

metazoan zooplankton in the mesohaline Chesapeake Bay.
Mar. Ecol. Progr. Ser. 86, 251–261.

Wiebe, W.J., Smith, D.F., 1977. Direct measurement of dis-
solved organic carbon realese by phytoplankton and incor-
poration by heterotrophs. Mar. Biol. 42, 213–223.

Winemiller, K.O., 1996. Factors driving temporal and spatial
variation in aquatic floodplain food webs. In: Polis, G.A.,
Winemiller, K.O. (Eds.), Food Webs Integration of Pat-
terns and Dynamics. Chapman & Hall, NJ, pp. 298–312.

Woltes, K., 1982. Bacterial incorporation of organic sub-
stances released by natural phytoplankton populations.
Mar. Ecol. Progr. Ser. 7, 287–295.

Yodzis, P., 1984. How rare is omnivory? Ecology 65, 321–323.


	The effects of taxonomic aggregation on network analysis
	Introduction
	Methods
	Results and analysis
	Summary and conclusions
	Acknowledgements
	References


