in the litter layer rather than in the un-
derlying soil. Due to the passive nature
of pitfall trap sampling, we could not
determine whether the macrodetriti-
vores in the samples were residents
ofthe litter layer or the soil layer.
However, these macrodetritivores were
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Figure 3. A comparison of the mean number
of detritivores/sample in the litter versus the
soil of Tapado plots.

equally represented in both the frijol
tapado and espequeado sites.

We also looked at the number of
herbivores between the two sites and
found them to be equally distributed
among the two planting methods. The
litter layer does not seem to attract more
herbivores in the frijol tapado plots than
in the espequeado plots. The litter layer
thus represents a more suitable habitat

and a more concentrated food source to

potentially beneficial detritivores but
not to potentially harmful herbivores.

As a result, the frijol tapado sites,
which have this layer of litter, and con-
sequently more detritivores may have a
higher rate of decomposition and nutri-
ent recycling. So, unless these detriti-
vores break down the litter layer faster
than the bean plants can take up the nu-
trients, frijol tapado planting is likely a
more efficient method of sustainable
agriculture.

Table 1. Numbers of individuals in each orders or functional group found in samples at Coto Brus,

Costa Rica.

Order/ functional Feeding tapado
group mode*

espequeado Total

plot 1

plotl  plot2

Araneinae
Blattidae
Dermaptera
Diplopoda
Formicidae
Hemiptera
Lepidoptera
Isopoda
Orthoptera
Coleoptera
Collembola
Diptera
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*key: P= predator, D= detritivore, H= herbivore.

AQUATIC INVERTEBRATES AS A BIO-INDICATOR OF RIVER WATER QUALITY IN
COTO BRUS, COSTA RICA

Nicole L. Drake, Linda M. Mizak, Charles R. Preuss, and Marco Seandel

Abstract. We examined the effects of two known organic point-source polluters on a pre-montane
tropical river in Coto Brus, Costa Rica. No statistical difference between the physical parameters
of the stream environment was found between study sites. Using aquatic macroinvertebrate
communities with known tolerances for each family, we found a significant increase downstream
in the Family Biotic Index (FBI) indicating the presence only of families very tolerant to water
pollution. We also found a significant decrease in overall species diversity downstream and a
significant increase in aquatic macroinvertebrate abundance. This does not necessarily indicate a
healthy system and is probably due to increased nutrient inputs from the organic point-source

pollution. (LMM)

INTRODUCTION (LMM)

River and stream biological com-
munities reflect the degree of distur-
bance of the surrounding watershed.
These communities integrate the effects

~ of pollutants over time and therefore

provide a measure of the pollutants’ ag-
gregate impact. As a result, biological
surveys are often used to detect and as-
sess the effects of pollution on stream
and river communities. Aquatic macro-
invertebrate communities are good
indicators of localized conditions
because of limited migration patterns or
sessile modes of life found in this group;
since levels of tolerance to environmen-
tal degradation are known for many in-
vertebrate families, aquatic invertebrates
can be used effectively as bio-indicators
of water quality (EPA 1989).

Using aquatic macroinvertebrates,
we assessed the impact of known point-
source pollution on a tropical pre-
montane river in Coto Brus, Costa Rica
(elevation = 1000m). Sites upstream and
downstream from both a coffee process-
ing plant and slaughterhouse were cho-
sen for study. We examined the physi-
cal characteristics of the stream envi-
ronment, as well as aquatic macroinver-
tebrate abundances, species diversity,

and tolerance of taxonomic groups at the
family level to environmental degrada-
tion.

We made the following predictions
for the downstream site:

(1) There would be higher aquatic
macroinvertebrate abundance
due to greater organic input,
which might result in higher
biological productivity.

(2) Species diversity should be
lower, since fewer species can
tolerate these conditions.

(3) We would find a high Family
Biotic Index (FBI), indicating the
presence of only highly tolerant
families of macroinvertebrates.

METHODS (NLD)

Two sites were chosen along the
Rio Java in Coto Brus, Costa Rica. At
both sites a 30m stretch of river was
randomly chosen. Three transects, run-
ning across the river, were assigned at
10m intervals within each 30m stretch of
river. At each transect, three depths
were recorded at equidistant points



RESULTS (MS) munities above and below the point-
Table 3. Invertebrates collected by Serber source polluters. Since we found no dif-
samples in a tropical river above (Gamboa) ferences between the sites with respect

A and below (Maseta) point-source polluters on to stream flow, depth, and substrate, it is
Upstream 033 650 downstream sites; mean depths and _R.Java, Coto Brus, CR. highly unlikely that the biological dif-

mean .16 6.2 mean substrate rankings as measured by _ # of invertebrates ferences could be attributed to variation
s.d. . 1.0 the Wentworth Scale were essentially Order /family Above Below in stream morphology.
Down- . ) identical between sites (t=.205, p>0.05 Coleoptera 15 0 Supporting our first hypothesis, we

Table 1. Comparison of physical parameters

above and below point-source polluters.
Depth Substrate Velocity — pH We found no differences in stream
(m) _index _ (m/sec) morphology between the upstream and

stream and t=0.98, p>0.05, r.espectivel‘y; Table f{lgfidla,g ; 8 collected a greater number of individu-
mean 16 68 1). Mean velocity in both sites was Pseg;;n?gae 9 0 als downstream than upstream from the
sd. S8 40 0.33m?2. The upstream site had a pH Diptera oA 6278 point-source polluters. Higher organic
equal to 6.5, while 6.45 was the figure ~ Chironomidae %0 16 input from these pollutants apparently
Table 2. Comparison of biological parameters for the downstream site (Rosemeyer, Blood-red 0 6260 led to higher secondary productivity.
above and below point-source polluters. pers. comm.). ‘ Chirox.womidae Aquatic systems with high levels of
Transect 1 Transect? Transect3 The biological comparisons portray ??ba?ddae 2 g productivity, however, are not necessar-
Upstream two markedly different systems (Table R ily favorable. As we observed in the site
Diversity? 720 750 690 2). The mean invertebrate abundance _Ephemeroptera 116 6 below the point-source polluter, in-
FBI* 326 22.6 187 downstream was significantly greater ga;t:::rem dae ;g 8 creased productivity correlates with de-
Down- than the mean abundance upstream H%ptageniidae 4 0 creased species diversity. Consistent
g.ream. - 00 004 (t=5.08, p<.001; Figure 1). Diversity as Leptophlebiidae 2 0 with our last prediction, the FBI was
F];‘I'ermy 280.7 1680.7 38427 rr'lea§1%red by Simpson's Index was “Hemiptera 42 0 higher in the downstream communities.
“FBI= Family o Tndox ZT'fIf 7F o significantly higher upstreambl than Naucoridae 42 0 This indicates that the water quality is
= = ’ downstream (Ug=9, p< 005; Table 2). —— - -
Tg =tolerance rank of family, W:g)ltsmd 16 fgmsilie; gf—invertebrates i)n ; O%gﬁ;?;a : 0 2 3 S;ﬁ?;: t1f)a{ﬁ1};ei§duced below the point
If =number of individuals in family, and . . —— ac P ‘ . _
F= total number of families 6 different orders at the upstream site Odonata 8 0 We conclude that low species di-
= . and only 4 families in 3 orders down- Aeshnidae 4 0 versity translated to poor quality of wa-
. Table 3). The FBI between the Coenagrianidae 3 0 ; -
across the river. Three Serber samples stream ( ) Libellu%irdae 1 0 ter. This assumes a normal, bell-shaped
distribution of families exists along a
were also taken along these transects, Tricoptera 9 0 . .

; ; 2500 ' : , tolerance gradient (Hilsenhoff 1988).
each for a one-minute interval. These Hydropsychidae 5 0 5 FBI revlicate studies in tropical
samples were examined for both species Hydroptilidae 1 0 1nfe no K rep lcf € s‘ut 1€8 11111 ;(ZP ca
diversity and abundance. In addition, a 2000 __ Polycentropodidae 3 0 waters are Known 1o exist, we nad to as

Family Biotic Index as formulated by
Hilsenhoff (1988), was used to rank the
pollutant tolerance levels of invertebrate
families. In the FBI, families with low
tolerance were assigned lower numbers
and families with high tolerance, higher
numbers on a scale of 1 to 8. From these
indices, conclusions were reached re-
garding river water quality.

3

Total # of Individuals

2

=

sites reveals significantly higher toler-
ance to organic pollution by families of
arthropods at the downstream site
(Us=9, p<0.05; Table 2).

DISCUSSION (CRP)

sume that the differences in tolerance
between families are consistent across
tropical and temperate invertebrates.
However, these assumptions should not
undercut the overall importance of our
findings: point-source polluters dramat-
ically alter communities of aquatic in-
vertebrates.
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We found significant differences

Velocity was measured by timing a
between the aquatic invertebrate com-

floating jar 1m as it floated downstream.
Additionally, the presence or absence of
fish was assessed first by visual inspec-
tion and subsequently by haul-seining.

]

Upstream Site  Downstream Site

Figure 1. Invertebrate abundance as
measured by Serber samples upstream and
downstream of point source polluters.
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