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Until recently, the study of marine benthic communities has largely 
been devoted %0 the classical description and analysis of com- 
munity structure, This approach has also been used in examining 
the effects of environmental disturbance on benthic habitats. 
Included in these descriptive studies are several evaluations of 
marine/estuarine benthic habitats of the northwestern Gulf of 
Mexico (FLINT & HOLLAND 1980, FLINT 1981, FLINT & YOUNK 1983). 
Very l i t t l e  is known, however, about many of the aspects of benthic 
community function, and we are only beginning to learn about how 
fauna influence processes such as energy transfer and nutrient 
regeneration. For example, typical environmental monitoring may 
detect benthic community change in a marine habitat due to a dis- 
turbance, We don't really know, however, what these structural 
changes represent to the dynamics of that habitat. Even though 
a change in fauna occurs, the biomass may s t i l l  be produced for 
higher trophic levels. But what about other functional roles that 
the benthos plays in the ecosystem that may require specific kinds 
of fauna? 

I f  functional aspects of the benthos such as biomass production 
for food sources (e.g. WOLFF 1977, ARNTZ 1980) and regulation of 
sediment nutrient regeneration in the maintanence of benthic- 
pelagic coupling dynamics (e.g, DAVIS et al. 1975, ROWE & SMITH 
1977, ZEITZSCHEL 1980, FLINT & KAMYKOWSKI in press) are important 
to the marine ecosystem, then basic questions arise concerning 
the role of benthic fauna in these processes. The purpose of 
this investigation was to address some of these questions by 
testing the following hypotheses under controlled laboratory con- 
ditions: 

l) changes in benthic macroinfaunal community structure alter 
fluxes of nutrients at the mud-water interface, and 

2) macroinfauna are one component of the benthos required to 
maintain rates of benthic nutrient regeneration. 

I t  was hoped that by testing these hypotheses and obtaining fur- 
ther information on functional aspects of the benthos we might 
redefine future environmental monitoring considerations in the 
evaluation of ecosystem disturbance effects, Now we rely upon 
detection of community structure changes which are often mis- 
leading. In addition, by using a chemical pesticide in our ex- 
periments that is commonly used in the south texas agricultural 
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reg ion,  we were able to determine the e f fec t  of  t h i s  pes t ic ide  on 
the marine environment. 

METHODS AND MATERIALS 

To inves t iga te  for  changes in benthic funct ion re la ted to macro- 
infaunal  ( > 0.05 mm) community s t ruc tu re  changes benthic com- 
muni t ies developed in the labora to ry  according to the methods of  
FLINT et a l .  (1982) were manipulated by chemical poisoning. The 
experiments s tar ted on 23 September 1980 wi th  a 72 day period of  
sediment co lon iza t ion  using 32 sediment compartments, rece iv ing 
200 ml/min water f low from the Aransas Pass I n l e t .  On 5 December 
1980, 15 rep l i ca te  compartments were randomly selected (using a 
random numbers tab le)  for  treatment wi th  the pest ic ide  methyl 
parath ion,  an i nsec t i c i de  commonly used in south Texas ag r i cu l -  
tu re .  Methyl parathion was in jec ted over the sediment surface 
of  each estuar ine benthic treatment compartment to equal 200 mg/l 
of pes t ic ide  in so lu t i on .  A f te r  treatment the experiments con- 
t inued u n t i l  26 February 1981. 

Three rep l i ca te  compartments were randomly chosen p r i o r  to t r ea t -  
ment and examined for  benthic fauna community s t ruc tu re  according 
to methods of  FLINT & HOLLAND (1980). Wet-weight biomass was 
measured on dominant fauna and the to ta l  community o f  each com- 
partment. A f te r  t reatment,  random t r i p l i c a t e  contro l  and treated 
compartments were chosen for  s im i l a r  community s t ruc tu re  examin- 
a t ion  on 18 December 1980, 5 January, 21 January, 5 February, and 
26 February 1981. At the conclusion of  the experiments t r i p l i c a t e  
2.2 cm diameter sediment cores were taken out of  two of  the re- 
maining contro l  and t reated compartments and sectioned every 2 cm 
sediment depth to determine v e r t i c a l  d i s t r i b u t i o n  of  fauna in the 
d i f f e r e n t  sediments. These sect ions were sieved wi th  0.06 mm mesh 
screen to inc lude the meiofaunal organisms and then analyzed as 
above. Bacter ia were not considered in these experiments. 

To examine funct iona l  changes in the benthos of each compartment, 
both dur ing co lon iza t i on  and a f t e r  t reatment,  three var iab les  
were examined: depth o f  the redox potent ia l  d i s c o n t i n u i t y  (RPD) 
layer  (mv=O), sediment oxygen uptake (metabolism), and sediment 
nu t r i en t  regenerat ion (ammonia f l u x ) .  These var iab les  were 
measured in randomly selected compartments on 24 September, 16 
October, 25 November, 18 December 1980, 5 January, 21 January, 
5 February, and 26 February 1981. Eh measurements to detect  the 
RPD layer  were made at I0 mm depth i n t e r v a l s  through the sediment 
w i th  a Radiometer TTT-26 Eh/pH meter wi th  a plat inum/calomel e lec-  
trode system. This was done to determine depth of  the sediment 
mixed layer  which is p a r t i a l l y  regulated by burrowing infauna 
(RHOADS et a l .  1978) and in f luences other processes w i th in  the 
sediment such as metabolism and n u t r i e n t  regenerat ion,  Metabolism 
in each compartment was determined by a YSI Model 57 oxygen meter 
and probe which measured changes between i n i t i a l  and f i na l  oxygen 
in the water over ly ing  the sediments a f t e r  a 4 hr incubat ion per- 
iod, dur ing which time water f low was stopped and to ta l  darkness 
maintained. Oxygen concentrat ions were not allowed to decrease 
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below 2.5 ml/ l  in any compartment during incubation. Sediment 
ammonia regeneration was determined during the same incubation 
period by the di f ference between t r i p l i c a t e  i n i t i a l  and f ina l  60 
ml samples taken from water over ly ing the compartment sediments 
using acid-washed syringes. These samples were immediately 
analyzed in the labora tory . fo r  ammonia according to the phenol- 
hypochlori te method of SOLORZANO (1969). The f lux  of  ammonia 
out of  the sediments and oxygen uptake by the sediments ( rates)  
were calculated according to the methods of HARGRAVE & CONNOLLY 
(1978): 

V(C 0 - C t )  104 
f lux  = X 

A t 

where V is the volume of water ( I )  oyer the sediments, C o and C t 
are the dissolved concentrations ( I - )  of  ammonia or oxygen before 
and af ter  time t ,  and A is the sediment area (cm ~) enclosed. 

Species l i s t s  of  each rep l ica te  control and treated compartment 
were compared using c luster  analys is,  employing the Canberra- 
Metric s i m i l a r i t y  index with f l e x i b l e  sort ing strategy (FLINT & 
YOUNK 1983). Benthic community structure parameters and funct ional 
measures were compared for d i f ferences between treatments using 
two-way analysis of  variance (ANOVA) with the factors of time and 
treatment both considered. 

RESULTS AND DISCUSSION 

After  a period of 72 days of co lonizat ion well-developed benthic 
communities were establ ished. A mean number of 13 macroinfaunal 2 
species were observed. Mean abundance was 120 indiv iduals/O.04 m , 
and biomass averaged 155.8 mg/Oo04 m ~, Following treatment of 
the sediments with methyl parathion there were s i gn i f i can t  (P 
0.01) decreases observed in both species number and biomass for 
treated compartments (Fig. I ) .  Simi lar changes were not observed 
for macroinfaunal abundance a f te r  treatment because methyl para- 
thion had a preservat ive ef fect  on dead fauna which could not be 
dist inguished in our counting methods, 

Cluster analysis resul ts  (Fig.  2) showed a d i f ference in community 
structure between control and treated sediments at the 56% d is -  
s i m i l a r i t y  leve l .  Treatment wi th methyl parathion s i g n i f i c a n t l y  
decreased macroinfaunal biomass and changed community s t ructure 
of the benthos, the ef fect  desired by treatment, This change 
continued through the ent i re  experimentation period as indicated 
by di f ferences (Fig.  2) between treated and control communities on 
26 February (period 6). 

During i n i t i a l  measurements of  sediment metabolism and nut r ien t  
regeneration in azoic sediments, no oxygen uptake or ammonia f l ux  
was observed (Fig. 3). These var iables showed a continual in- 
crease during the colonizat ion period. Pr ior to treatment, 
metabolism reached i t s  maximum value in control compartments and 
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exhibited a fa i r l y  consistent rate (12-15 ml 02/m2/hr) through most 
of the remainder of the experimentation period, except when water 
temperature dropped to around I0 ~ (Fig. 3), which corresponded 
with metabolism decreases. After treatment nutrient regeneration 
decreased below control levels, showed a great deal of variation 
on successive sampling intervals, and exhibited signif icantly (P < 
0.05) lower regeneration rates in the treated sediments at exper- 
iment conclusion (Fig. 3). Metabolism measures were i n i t i a l l y  
higher in treated sediments but at experiment conclusion these 
rates were lower than in healthy control sediments, 

Eh profiles (Fig. 4) i l lustrated changes that occurred in sediment 
structure related to RPD layer migration throughout colonization 
and the period of treatment. The compartment sediments did not 
show an oxygenated layer and anoxic zone together until 18 December 
because we began the experiments with azoic sediments devoid of 
organic matter and decomposing bacteria, After this date there was 
a difference between the depth of the RPD layer for control and 
treated sediments which was consistent throughout the remainder 
of experimentation (Fig. 4). The RPD layer was always shallower 
in the treated sediments than in the controls, meaning less of a 
volume of aerobic sediments was available for infaunal habitation 
in treated sediments. 
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In the sediment cores taken from treated and untreated compartments 
at experiment conclus ion,  d i f fe rence in RPD layer  depth was also 
i l l u s t r a t e d  by d i f fe rence in the depth of  the blackened sediment 
zone, i nd i ca t i ng  s t a r t  of anoxic sediments. Treated sediments ex- 
h ib i ted  t h i s  zone between 1.2 cm beneath the surface whi le  untreated 
sediments showed the s ta r t  o f  t h i s  zone deeper than 3 cm, The 
faunal ana lys is  from these cores ind icated that  fauna inhabi ted the 
f i r s t  2 cm of sediment CFig. 5), In untreated sediments, however, 
fauna were also present in the deeper sediment layers ,  whereas in 
the t reated sediments they were not, This deeper penetrat ion of  
fauna in untreated cores corresponded to observat ions of  b io turba-  
t i on  (burrows) below the RPD layer  in these cores, in cont rast  to 
t reated cores where t h i s  deeper b io tu rba t ion  was not observed. 
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The goal of  th is  research was to determine what changes occur in 
benthic nu t r ien t  regeneration when macroinfaunal community st ruc-  
ture is  altered through a disturbance such as chemical poisoning. 
Because we have had good success at mimicing natural benthic com- 
munity st ructure wi th our laboratory f low-through colonizat ion 
methods (FLINT et a l .  1982), we chose to conduct the above exper i -  
ments under laboratory condi t ions,  to al low for easier treatment 
manipulation. 

Unfortunately these experiments were not designed to evaluate what 
ef fects the treatment chosen had on bacterial  populations in our 
laboratory sediments. Although our research question focused upon 
benthic infauna, we suspect that  the treatment of  methyl parathion 
had a s ign i f i can t  impact on bacteria and the i r  u l t imate e f fec t  on 
some of the processes measured, such as nu t r ien t  regeneration and 
sediment metabolism. For example, methyl parathion is  an organic 
pest ic ide which meant, besides adding a chemical poison we also 
added a s ign i f i can t  amount of  organic material to the treatment 
sediments. As Fig. 3 i l l u s t r a t e s ,  the addi t ion of th i s  organic 
material resulted in i n i t i a l  higher sediment oxygen uptake a f te r  
treatment, due pr imar i l y  to the high biological  oxygen demand (BOD) 
of both the added organic material and decomposing fauna k i l l ed  by 
the poison. This was corre�82 wi th ammonia regeneration rates 
higher than the controls as the bacteria decomposed (remineral ized) 
the excess organic material in the treated sediments. Thus, we 
feel that bacterial  a c t i v i t i e s  in our experiments probably had a 
major influence on i n i t i a l  responses we observed to treatment and 
should not be ignored in the fu ture.  

Eighty days after altering benthic infaunal community structure by 
treatment (Figs. l and 2), treated sediments exhibited s ign i f i -  
cantly different metabolic rates from controls, indicating that 
the benthic community act iv i ty  was different (e.g. different 
species, lower biomass). Ammonia fluxes observed from the treated 
sediments were approximately half the control rates. Fig, 5 i l lus-  
trates that recolonized fauna in treated compartments did not bur- 
row (bioturbate) as deep in the sediment as control fauna. Bio- 
turbation and vertical mixin~ of sediments by burrowing macroin- 
fauna affects the RPD layer (RHOADS et al. 1978). As we have 
observed in the Corpus Christi Bay estuary (unpubl. data), more 
deep-burrowing act iv i ty  by such macroinfauna as Balc~oglossus sp, 
forces the RPD layer deeper into the sediments. The deeper and 
more ventillated this layer is by burrows, the more nutrient reserves 
are exposed to oxygenated in ters t i t ia l  wa~ers, which increases 
the potential for a greater mud-water interface flux of nutrients. 
This is confirmed by our observations 80 days after treatment where 
greater nutrient flux occurred, correlated with higher sediment 
metabolism (Fig. 3) and benthic biomass (Fig. I ) ,  in control sedi- 
ments that exhibited a deeper burrowing fauna (iFig. 5). In con- 
trast, treated sediments, which were void of bioturbating fauna 
below 2 cm depth, showed (1) a shallower RPD layer at experimental 
conclusion and (2) a faster migration of the RPD layer towards the 
sediment surface during the progress of the experiments (Fig. 4). 
These sediments also exhibited signif icantly lower rates of nutrient 
regeneration (Fig. 3) at experiment conclusion. 
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The results of these investigations indicate that benthic community 
structure is one factor that plays a role in regulating processes 
of the benthos important in overall ecosystem functioning. I f  
the benthos is inhabited by fauna that don't bioturbate the deeper 
sediments, nutr ient regeneration rates from these sediments wi l l  
be d i f ferent  than those that are deeply bioturbated. Therefore, 
we believe that although fauna may be altered by an environmental 
disturbance, th is a l terat ion i t s e l f  te l l s  us very l i t t l e .  I t  is 
impossible to predict the ultimate impact of th is change on the 
ecosystem unt i l  some of the more subtle processes of the benthos 
are considered. For example, the fauna affected by the disturbance 
may be replaced by fauna that funct ional ly  perform the same way in 
the benthic habitat and thus no change would be noted in processes 
l ike benthic nutr ient regeneration, The monitoring for only com- 
munity structure change, however, would suggest that the disturbance 
had a negative impact because a change did occur in species, 
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