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ENERGY CONTENT OF MACROBENTHIC

INFAUNA FROM THE CONTINENTAL

SHELF ENVIRONMENT IN THE

SOUTHWESTERN GULF OF MEXICO

Colltel/ido EI/ergético de la ll/fmllla Macrobél/tica para la I'latafonlla COl/lillelllal

ell el Suroeste del Golfo de México

Elva Escobar Briones' y Margarita Portilla Bauza'.

ABSTRACT

Encrgy content of infauna1 macrobenthos from the continental shelf cnvimomeot in (he S\V Gulf 01'

Mc:xico providc for the firSI time caloric valucs for a tropical marine systcm. Thc highcst vaJucs

corrcspond to bcnthic fish larvae aod juveniles; polychactc. crustacca aod moJlusks show the ncxl

highcst vatues: cchinoderms havc lhe lowcsI cncrgy conlcnt. Thc results discusscd within thc latiludi.

nal gradicor suggcst that tropical bcnthic organisms havc significantly lower vatues in contrast to

highcr vatues reported in the litcraturc, which can be attributcd lO the more stablc cnvironmcnt and

to the smallcr sizes of the marine benthic macrofauna in thc tropies. Trcnds of thc caloric contents

observed with inereasing depth and the distribution of content of organic nitrogcn in surficial sedimcnt

show that organisms with highest energy content occur assoeiated to richer groullds.

Key worrls: :\lacrofauna, bentbos, energy content, Gulf ofMcx.ico, continental shclf.

RESUMEN

Este trabajo presenta el contenido de energía para la infauna macrohéntica del ambiente de plataforma

continental en el suroeste del Golfo de México y proveé por vez primera valores de contenido calórico

para el ambiente marino tropical. Los valores más elevados reconocidos corresponden a larvas y

juveniles de peces bénticos; los poliquetos, los crustáceos y los moluscos tienen valores elevados

inmediatos; los equinodermos mostraron los valores de contenido de energía más bajos. Los resultados

analizados en el marco latitudinal sugieren que los organismos bentónicos tropicales tienen valores

significativamente más bajos en mostraste a los valores registrados en la literatura para altas latitudes, lo cual se

puede atribuir al ambiente más estable en el trópico y a las tallas más pequeñas de la infauna

macrohéntica marina en el mismo. La tendencia de variación del contenido calórico observado cun el

incremento de profundidad y con la distribución del contenido de nitrógeno orgánico en scdiml.:nto

superficial indica que los organismos con contenido dc energía mayor ocurren asociados a los fondos

más enriquecidos.

Palabras cla,'e: MacTofauna, bentos, contenido de energía, Golfo de México, platafoma continental.

Introduction 1982). Ecological energy tlow is in the form of

potential cnergy ("'1-1) and is expressed as a gradient

of standing crop and trophic levels (Slobodkin, 1960).

It can be rncasured by direet combustion of dried

tissue. A certain amount of energy, mainly the

unfolding of proteins, carbohydrates and lipids, is 10s1

prior tocombustion in the drying proccss but this has

been rarely evaluated in the ecological sense (Wiegert,

1968). Tbe cnergy content of an organism, heing

lbe acquisition of energy is tbe main objective of tbe

scarch for food, the prey cboice being determined by

the prey species (Palmer, 1984) and size (Broom,
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rcfcrreu lo in this paper, is the amouot oC calorics

relcascd by burning the organism under normal

atmosphere and is measurcd as hcat.

Encrgy transformation bet\\'cen organisms and

c..ircuits oC cnergy in nature is oC fundamental interest

lo modellers. Potential ener!,'Y content is considered

as the energy input and flow of materials. The gross

¡nl1m\-' can be expressed in units oC cncrgy per time

per area, being the f(XxI made available 10 the animal

nr to the population froOl sorne outsidc source

(Slobodkin, 1960), Energy eontent, the prey

abundancc anu its vulncrability are factors that

integrate lhe food value in the seleelivity ofpotenlial

prey, Energy conlenl can vary intraspeeilieally with

I¡fe history. sizc, sealion and fccdingrcgirnc (Cummins

e, Wuyeheek, 1971; Wissing el al., 1973; Griftiths,

IY77).

The existing sludies thal refer and provide energy

values for aquatie organisms date baek to the early

sixties (Grodzinski el al., 1975; Crisp, 1984). These

sludies focused solely on high and inlermediale

latitude speeies, both benthie (Brawn el al" 1968;

Duarle el al., 1980; Atkinson & Wakasey, 1976, 1983;

Wakasey & Atkinson, 1987) and planklonic (Norrbin

& Bamstedl, 1984; Ross & Qudin, 1989), Calorie

values wcrc rccordcd in offshore zooplankton ano

demersal fauna of the northero Gulf of Mexieo

(Wissing el al., 1973). Mosl of lhese studies have

provided the basis for constants used in ecological

energetics thal have been applied in lropieal aqualie

cnvironmcnts.

The eurrent sludy was undertaken lo oblain calorie

contcnts for infaunal rnacrobenthos from the conti

nental shclf environmenl in the SW Gulf of Mexieo

and provide for the firsl time ealorie values for a

tropical marine syslem. The values will be disCllssed

within the distribulional palleros observed in a depth

gradient and the organie matter contcnt in surficial

scdimcnt cxprcsscd as percentagc oforganic nitrogen.

Materials and methods

Sediment was colleeled wilh a Smith-McIntyre grab

in 12 slations localed along lranseets on the continental

sheIf off Alvarado lagoon (18°47' lo 20° 18' N and

95°35' to 95° 45'W) in the SW Gulf of Mexico during

the OGMEX.13 emise in 1996 (Table 1). Benthie

fauna was obtained from soft bolloms al deplhs of 15

to 85m. The sediment was s¡eved lhrough 0.25, 0.50

and 1 mm mesh opcnings. organisrns retained werc

sorteo ano rinscd in sea-water and dcstilled water. .Incy

wcre identificd to the highest taxonornic levcl ano dricd

onboard al 6O"C for 48 hours, Shells were removed in

mollusks, before and after drying. In eehinoderms dry

weighl ineludes skelclal material, in erustaeea

cxoskelcton" are includcd. Dried animals wcrc storcd

in a desiccator to keepweight constant.

The individual dry wcight of cach spccimen wa�

cvaluatcd (m an clcctronic thermobalanl'C \\ith a statcJ

prccision of :tO.1J..Lg. Calorimctric octcrminations

were maoc with a Differcntial Scanning Calorimeter

(OSC), Thermallnstruments model2000 muplcd lo

a pe system. following the manufacturcrs protocolo

Eaeh sample was plaeed individually in open

aluminum panels ano sct onc at a time on the prc

calibrated OSC cell, tempcrature rise w'cs 20"C. min'.

Corrections for crrors causcd by high carbonate

content (Paine, 1966), water in hydraled exoskdelons

(Griffiths, 1977) and the formation ol'acid (Cummil1.s

& Wuyeheek, 1971) were determined and applied 10

aH calculations. Caloricvalucs have been exprcsscd

as joules per gdryweighl (J. g" OW).

The variation oCencrgyvalues in the tax:onomic groups

was describcd and eompared lo other studies. Trends

aeeording lo the deplh gradienl and the content ol'

organie nitrogen in scdirnent werc analyzcd and

allowed to explain palleros of ehange in the shel!

cnvironrnent.
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Table l. Samplcs localion. depth. contcnt of organic nitrt�l'n

in sedimcnt and botlom tempcrature. Ahbrniutions:

N= l'orth. \V= \\'est. m=metres. n=number uf spccirncns

anal�.zcd.

Station Latitude Longitude Depth Norg Temp. n

# N W (m) % oC

26 Is050.97 95°�5.96 2� 0,050 26 3

2S ISO �S.56 95° ��,03 15 0.OS3 2S 3

31 'ISo 51.16 95°�2.02 3� 0,001 22 2

32 ISO 49,19 95° �2,().¡ 25 0.001 26 2

37 ISO 51.99 95° �O 12 �S 0.068 20

3S ISO 5UI 95° 37,43 �9 0,OS7 20 2

�O ISO �7.25 95° 37,9S 40 0,055 22

44 ISO 50A6 Y5° 35.S5 51 O.OSO 20 2

50 2001O.9S 96°�1.0� 29 0.05� 25 2

51 20" 13.27 96° H25 26 0.051 26

52 2001�.07 96° �1.01 �6 0.070 21

54 20° IS.12 96° 37,0� S5 0.075 IS 3
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Ei'ERGY CO:"TE:"T OF I:"FAl::"AL \IACROBE:"TIIOS

Rcsults

The energy values uelermined for 23 speeimens 01'

maLTobenthic infauna are presented in Table 2. The

higheSl energy values are found in benthic fish (Iarvae

anu juveniles) (635:!:335 J.g"). The polychaelcs anu

'.TUStacea show the next highest energy values with

528:!:577.5 and 501 :!:650.6 J .g", respeclivelly.

Mollusks (266:!:205.3 J.g") and echinoderms

(20:!:0.001 J.g") show lhe loweSI energy contenl.

figure 1 summarizes the mean energy values for the

fivc taxonomic h'fOUps. A wide range ofvalues, within

and hctween taxonomic groups, is ohscIVed.

lbe energy conlenls and high abundances 01'

polyebaeles and crustaeea provide bolh laxa with high

scorcs in f(XxI value availahlc to prcdators. In contrast.

lhe 1'000 value 01' olher laxa is delined lower due lo

lheir low abundance, lheir low energy content or bOlh

factors comhined. Fish Imvac and juveniles are not as

abundanl as polychaeles or eruslaeea buI are 30%

rieher in ilS energy conlenl. Mollusks would require

lo be al leasl several limes more abundanl lo proviue

Iheir predalors wilh an equivalenI energy supply. The

14()

low cnergy content of echinodcrms suggcst an

insignificanl food value.

The energy values diminish for bOlh polyehaeles and

mollusks in lhe deplh gradienl. The values 01'

polyehaele and eruslaeea correlale high wilh ueplh

being r'=0.50 and r'=0.74, respectivelly. The lrend

was different in fish and crustacca, thcir encrgy

conlenl increased wilh deplh (Fig. 2).

Energy content increal)es with larger content of()rganic

nilrogen in sedimenl (Fig. 3). The values 01' polychaele

and crustacca correlate low wilh organic nitrogen,

r'=0.40 and r'=0.42, respcelivelly. Addilional values

are nceded to rccognize the corrc!ation ofthe othcr

three groups alnng the organic nitrogen gradicnt.

Discussion

Thc examination afthe caloricvalucs revcals that most

of lhe laxa do nol uiffer significantly from eaeh olher.

howcver a large intraspccific variability is rccoroeu.

Several rcports havc demonstratco that (Allarie vaIues

within taxonomic groups are distributed arnuno a

Tahle 2. Splocics l'UmpusitiuII and taxonomic gruups pcr cruisc slatiun. sizc ur spedmcn, weight llnd l'm'I.�'

contl'nt. Ahhrc\iations: DW= dry wcighl analyzed, SS= amounl or snmple analyzcd. f<:C= cncl1O' conll'nt.

Station Spccics Taxonomic Size DW SS EC.

# group mm g g J.g"

26 Afegalomma bioculatunJ Polyehacla 19 0.0098 0.0092 454.40

Lepida�.'enia mrius Polychaela 14 0.0061 0.0059 700.67

PaKurisles sericeus Crustacea 26 0.0019 0.0018 185.70

28 Callianussa atlamica Crustacca 20 0.0015 0.0014 270.00

Telratanlhus ralhbwrae Crustacea 15 0.0051 0.0017 68.98

Neam/zes micromma Polychacla 21 0.0011 0.0010 1937.00

31 Leiochrides africanus Polychacta 16 0.0013 0.0036 36020

Leptocllela serrulorbila Cruslacca 12 0.0003 0.0028 198.70

32 Ophionereis sp. Echinodcrmata 12 0.0068 0.0055 16.tXI

Peric/imene.'l americanus Crustacca 15 0.0012 0.0010 214.00

37 Coryp/zoplems sp. Pisces 1 I 0.0071 0.0050 303.80

38 Processa sp. Crustaeea 22 0.0018 0.0015 378.60

Callianassa major Cruslacca 25 0.0033 0.0023 2219.50

40 Cossllra della Polychacta 22 0.0048 0.0038 254.50

44 Sonalsa earinala Polyehacla 24 0.0046 0.0034 504.10

Axiupsis ur}pleura Cruslacea 18 0.0025 0.0021 886.40

50 Afarginella sp. Gastropoda 10 0.0039 0.0038 71.54

Rhilhropanopeus harrisii Cruslacea 21 0.0061 0.0016 77.92

51 Fasciolaria sp. Gastropoda 14 0.0056 0.0013 545.90

52 Tellina sp. Bivalvia 8 0.0018 0.0018 177.50

54 Seoleloma \'etTilli Polychaeta 12 0.0289 0.0274 3.58

Pamprionospio pinnala Polychaeta 9 0.0201 0.0185 22.75

C/laenopsis sp. Pisces 26 0.0089 0.0063 970.90
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Figure 2. Mean enl.'rJtY cuntl.'nl per tllxonomic Aruup along

the depth }.:radient.

mean that is similar for most groups (Waeasey &

Atkinson, 1987) whieh indica tes a consistent

biochemical compo'ition which is reflectcd in the

caloricvalue (Slobodkin & Richman, 1961; Griffiths,

1977). The eehinoderms are lower than the community

mean (471 J .g-I) which is associatcd with organie

material 01' diminishcd caloric valuc; othcr authors

have stres.'ied that deviations obscrvcd by groups with

low energy content (sponges, ophislhohranch, ete.)

are attributed to higher ash eontent (Tyier, 1973;

Wacasey & Atkinson, 1987).

'Ine cnergyvalucs ohtained in this study are c10ser to

the lower end ofvalues reeonJed by authors in high
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Figul'"l' 3. Val'"iahility of the mean l'nergy (ontenl in macru

henthic ¡nfauna )'�. thl' contl.'nt uf organic nill'"o¡':l'n in sedilllc-Ilt.

and intermediate latitudes (!'aine, 1964; Cummins &

Wuychek, 1971; Wissingel al., 1973; Griffiths, 1977;

Duarte el al., 1980). This latitudinal diffcrence in the

caloric contcnt is explaincd with tlle cnvironml.:nlal

predietability hypothesis (Slobodkin & Richman,

1961), Species living in enviromnents where the fOOlJ

supply is unpredictable or varies in abundancc and

quality shnuld store energy (Childress & Nygaard.

1974). Environments in lowcr latitudc pruvide more

stable situations and species do not necd to store fat a�

in higher latitudes, Fat, having higher energy content,

is usually stored rcsulting in higher caloric value

(Griffiths, 1977). Sume allthors have suggestcd tha!
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sorne gruups in the henthos use earhohydrale as their

main slorage eompounu (Giese, 1966; Calow &

Jennings, 1974). Lipiu eontent in euphausids and C:N

in zooplankton hav!.: shown 10 ¡ncrease \\;th latitude

(�lauchline & I'isher, 1969; Omori, 1969).

lbis same hypolhesis ean he applied lo the deplh

gradienl anu lhe spalia! variability ofconlent of organie

nitrogcn in surticial scdimcnt"i. 80th factars are rclated

wiIh polenlial foou supply utilized by infauna. The

deplh correlales wilh lhe supply of phylodetrilus in

lhe form of particulate organie maller lo lhe benthos;

the organic nitrogen relates with the amount and

quality of uelritus in lhe surfieial sedimento The

increasing cncrgy value \vith highcr percentages of

organic nitrogen is cOTl.'i.istcnt ",,'ith rcsults obtaincd in

higher latitudes. Calorific values ¡nLTcase with the

proporlion of organie maller as food factor (Norrhin

& B3msledl, 1984). Results suggesl lhal feeding in

richee grOLmds will providc highcr cncrgy contenl al a

conslant ratc. As cxample the largest fishcry in the

S\\' Gulf of Mexico is loeateu in bolloms "ilh highesl

infaunal biomass (Soto & Escobar, 1995) where lhe

highcst bcnthic mctaholic cates aTe rccordcd (Falcón,

199R). Nulrilional conuilions anu trophie level will

yidd caloric content variabilitywithin t;:lxa (Salonen

el a/.• 1976). Melaholie rates outsiue enrieheu areas

are aJjusteJ to lower em;rb'Y incornc Ievcls (Palohcimo

& Diekie, 1966).

Sizo ehanges wilh latilude and in most organisms has

a significant int1uencc on the calorificvalue (Curnrnins

& Wuyeheek, 1971). The lower energyvalues recorded

in the SW Gulfof Mexim may he relateu to lhe smaller

sizes encounlereu. Reeorus from lhe northern Gulf

01' �kxico shuw that the lowest values ('ornmanly OCl.1Jr

in benthie species, l11os1ly exemplifieu in bollom

d\\"elling inverlehrales (Wissing el al., 1973). Our

rcsults are consistent with this trend. in spite of the

size range difference. A largcr numbcr ofsamples that

considcrs diverse trophic levcls and scasons will allow

lo eSlablish more rohusl pallerns of the differenees

lkscribcd above. The number of samplcs and the sizc

oithc organisms analyzed in this study requires a nc\\'

design thal ineluues lhe appropriale extraelion

tcchniquc to distinguish bctwecn structural and stored

lipiu bioehemieally as well as lhe proport;ons of

carbohydrales anu proleins.
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