Ecology Letters,

(2004) 7: 232-240

doi: 10.1111/j.1461-0248.2004.00574.x

Role of first-order consumers in ecosystem carbon
flow
Just Cebrian 1,2
1Dauphin

Island Sea Lab,

101 Bienville Blvd, Dauphin
Island, Alabama, 3652B, U5A
2 Department

of Marine

Sciences, University of South
Alabama, Mobile, 36688, USA

E-mail: jcebrian@disl.org

Abstract
Herbivores and detritus consumers (Le. microbial decomposers and invertebrate and
vertebrate detritivores) are pivotal components of trophic food webs and thus play a
paramount role in the trophic transference and turnover of producer-fixed carbon.
Hence, elucidating patterns in carbon flux through these first-ordet' consUmers is
important to understand the nature and controls of carbon flow in ecosystems. Here,
using the largest literature compilation to date, I show that, in contrast with the cmtent
helief, aquatic herbivores accumulate on average three times as much biomass as do
terrestrial herbivores for a given level of primary production and. as a consequence. turn
over the ingested carbon only slightly faster than do terrestrial herbivores. Conversely,
aquatic detritus consumers generally accumulate a much lower biomass (i.e. over ten
times lower) than their terrestrial counterparts for a given level of primary production
and. thus. they turn over the ingested carbon much more quickly (i.e. over ten times
faster). Because the detrital pathway generally dominates the trophic flow of carbon in
both aquatic and terrestrial ecosystems, carbon also tends to flow through the total
compartment of first order-consumers (both herbivores and detritus consumers) at a
much faster rate in aquatic- than in terrestrial ecosystems. Thus. aquatic systems. because
of faster carbon recycling rates through their basal and first-order levels of the food
chain, appear to have a lower capacity than do terrestrial systems· for retaining carbon
under natural or anthropogenic increases in photosynthetic fixation.
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INTRODUCTION

Herbivores and consumers of detritus (i.e. microbial
decomposers and invertebrate and vertebrate detritivores)
are key components of food webs and. thus. they are
important determinants of carbon flow in ecosystems. This
contention is based on a myriad of case studies in numerous
types of aquatic and terrestrial ecosystems (see, for instance.
reviews by Villela 1995; Valentine & Heck 1999; Chapin
et al 2002). We know little, however, about how much and
why the trophic transference and turnover of carbon
through herbivores and detritus consumers differ between
aquatic and terrestrial ecosystems. Elucidating the extent
and causes of those differences would help improve our
understanding of the nature and regulation of carbon flow
in ecosystems.
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One well-known contrast is that herbivory is generally
more prevalent in aquatic than in terrestrial ecosystems
(petrusewkz & Grodzinski 1975; Cyr & Pace 1993; Cebrian
& Duarte 1994). Although not extensive, the largest
comparison to date has shown that, for a given value of
primary production. aquatic herbivores consume on average
three times more producer carbon than do terrestrial
herbivores (Cyr & Pace 1993). Thus, because the efficiency
of herbivore productivity (i.e. ratio of herbivore biomass
produced per unit of producer biomass ingested) does not
seem to vary systematically between aquatic and terrestrial
herbivores (Schroeder 1981; Elser et al 2000a), the production of herbivore biomass should be on average three times
higher in aquatic than in terrestrial ecosystems for a given
value of primary production. However, Cyr & Pace (1993)
also documented that aquatic and terrestrial ecosystems with

