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Sandy bottom macroinvertebrates in two moderately polluted
stations of the River Treia (Central Italy) : structural and
functional organization

M. Bazzanti!
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A study on sandy bottom macroinvertebrates in two moderately polluted stations of the River Treia (Central Italy)
was carried out in order to analyze their structural and functional feeding organization. A total of 60 taxa were collected
during the study. Oligochaeta, Gammaridae, Diptera-Chironomidae and Ephemeroptera constituted the bulk of the total
fauna. Most of the taxa were typical of sandy bottom habitats and moderate current flow. Collectors and shredders
were the dominant feeding groups in both stations. Predators were strongly and positively correlated with the abundan-
ces of collectors and shredders (potential prey). Moreover, the direct relationships found between taxonomic and trophic
diversities or between taxonomic and trophic evenness suggest a relatively good partitioning of food resources among
the taxa. The most common organisms found in both stations were typical of mesosaprobic environments, indicating
that the macrofauna of fine sediments seems to be suitable for detecting moderate organic pollution in rivers.

Macroinvertébrés des substrats sableux de deux stations modérément polluées de la riviere Treia (Italie centrale) : orga-
nisation structurale et fonctionnelle

Mots clés : Sédiments sableux, macroinvertébrés, structure de communauté, groupes fonctionnels, pollution modérée, riviére.

La structure de la communauté et I’organisation fonctionnelle alimentaire des macroinvertébrés des substrats sableux
ont été étudiés dans deux stations modérément polluées de la riviére Treia (Italie centrale). 60 taxons ont été récoltés.
Oligochaeta, Gammaridae, Diptera-Chironomidae et Ephemeroptera constituent la plus grande partie de la faune. Pres-
que tous les taxons sont typiques des milieux sableux & vitesse de courant modérée. Collecteurs et broyeurs sont les grou-
pes forictionnels alimentaires dominants. L’abondance des prédateurs est bien corrélée avec celle des collecteurs et des
broyeurs {proies potentielles). En outre, les relations directes entre la diversité taxonomique et la diversité trophique
ou I’équitabilité taxonomique et I’équitabilité trophique montrent une bonne répartition des ressources alimentaires entre
les différents taxons. Les organismes des deux stations de la riviére sont pour la plupart typiques des milieux mésosapro-
bes et indiquent que la macrofaune des substrats fins semble bien refléter I'état des riviéres, lorsque la pollution organi-
que est modérée.

1. Introduction (Dolédec 1987) that is often underestimated because
of the greater recovery efficiency of lotic waters
The ecological effects of organic pollution on lotic when compared with lentic ecosystems.

macroinvertebrates have been long recognized
(Hynes 1960, Klein 1962, Hawkes 1979, Hel}awell more sensitive to organic pollution than communi-
1978, 1986, and others). Whereas heavy organic pol- ties inhabiting slower flowing riverine zones (cf.
lution generally produces drastic effects on the ben- Hawkes 1979, Goldman & Horne 1983, Whatton &
thic fauna, ‘mild or moderate organic enrichment is Hawkes 1984), and in fundamental and applied stu-
less recognlzal?le (Hyngs ,19,60’ 1970, Cook 197_6)’ dies, biological communities in soft substrate and
and can constitute an insidious form of pollution low current velocity have often been neglected, even
if good results have been recently obtained (Cook
1. Dipartimento di Biologia Animale e del’Uomo, Universita 1976, Whitman & Clark 1984, Rae 1985, McCulloch

« La Sapienza », viale dell'Universita 32, 00185 Roma, halia. 1986, Roeding & Smock 1989).

It is generally accepted that riffle communities are
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On the other hand, deoxygenation, which is the
major factor involved in organic pollution, affects
the organisms living both in hard and soft substrata,
according to the different oxygen demand and pol-
lution tolerance of the various species inhabiting
them (Klein 1962). Consequently, macroinvertebra-
tes of soft bottom habitats with a low current velo-
city may be efficient to detect complementary infor-
mation to assess a moderate state of organic pollu-
tion of rivers.

In 1978, a research program promoted by the
ACEA (« Azienda Comunale Energia e
Ambiente ») was carried out in order to assess the
water quality in two sites of the River Treia, Cen-
tral Italy (Ferrero, unpublished report). In the pre-
sent paper, data on the macroinvertebrate commu-
nities of these two sampling sites with comparable
characteristics (sandy substrate and low current flow
prevailing) are reported with the following aims :

a) to contribute to the knowledge of the structu-
ral and functional parameters of the macroinverte-
brate community of soft substrates in moderately
polluted waters, considering that relatively little data
have been published about this type of habitat ;

b) to confirm the value as a bioindicator of the
sandy bottom fauna in relation to the chemical dia-
gnosis of the surface water.

2. Site description and methods

The River Treia (drainage basin area : 497 km?)
is located North of Rome in the volcanic district of
the Sabatini Mountains. It originates from several
springs and after about 35 km flows into the River
Tiber (fig. 1). The Treia receives domestic sewage
from a number of towns located in its drainage basin
and nutrients from agricultural and pasture activi-
ties in surrounding areas. Detailed descriptions of
geological and botanical characteristics of the zone
can be found in Alvarez (1972) and Blasi et al.
(1981), respectively. Since 1988, most of the drai-
nage basin area of the River Treia has been part of
a suburban park located between the cities of
Viterbo and Rome.

Macroinvertebrates from the stations A and B
(about 180 m a.s.l. and 40 m a.s.l., respectively)
were collected six times from January to October
1978. Samples were restricted to a sandy bottom area
with a relatively low current speed (generally < 30
cm/s). The water quality was rather similar in the

two stations (fig. 2) and indicated a moderate orga-
nic pollution revealed by values of N and P com-
pounds, exceeding those of unpolluted waters (cf.
Timpling 1969, Nisbet & Verneaux 1970, Schmitz
et al. 1979, Leclercq & Maquet 1987). The oxygen
content was high and BOD values were low during
the year, indicating a good self-purification of the
river. Benthic fauna was sampled by means of a drag
net (Cummins 1962, Hellawell 1978) pushed through
the stream bottom at a fixed depth of about 10 cm
and dragged upstream for a length of 0.5 m in order
to completely remove 0.15 m? of sediment. The net
had a frame of 30 x 20 cm and a 0.28 mm mesh
opening. At each station, two samples were collec-
ted across the river bed at about 0.3 m depth. Mate-
rial was preserved in the laboratory at low tempe-
rature and sorted out within two days. Macroinver-
tebrates were picked live by hand, stored in 70° alco-
hol and identified at the lowest possible taxonomic
level. The numbers of organisms from the two sam-
ples per station were averaged and the results expres-
sed as number/m?. Organisms were assigned to the
functional feeding categories according to Merritt
& Cummins (1984) and Cummins & Wilzbach
(1985). Diversity and evenness indices (Pielou 1969)
were performed on both taxonomic and feeding
group numbers. Similarity was calculated by means
of PSc index (Whittaker & Fairbanks 1958) and the
results reported in dendrograms following UMPGA
(unweighted pair group using mathematical avera-
ges) clustering method (Sneath & Sokal 1973).
According to Williams et al. (1969), a matrix of cor-
relation coefficients (r) using all samples from the
two sites (considering seasonal samples as replica-
tes) was calculated to examine relationships among
structural and functional parameters of the commu-
nity. Significance in some community characteris-
tics between the two stations was calculated by the
non-parametric Wilcoxon matched-pair signed-
ranks test (Eason et al. 1980). Finally, Principal
Component Analysis (PCA), widely used in aqua-
tic ecology, was applied to log (x + 1) transformed
densities of taxa and functional feeding groups.

3. Results

3.1. Composition, community structure and func-
tional organization

A total of 60 taxa, mostly belonging to Diptera-
Chironomidae (24), Oligochaeta (15) and Ephemeroptera
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Fig. 1. Map of the River Treia showing the two sampling stations.

(10), were collected during the study (Tables 1 and
11). The most abundant groups were Oligochaeta,
Gammaridae, Diptera Chironomidae and Epheme-
roptera (fig. 3).

In both stations, total collectors (almost all
collector-gatherers) and shredders were the domi-
nant groups (Table 11}, together reaching an annual
average percentage of 87.7 % in A and 89.2 % in

B. A positive correlation between taxonomic and
feeding group diversities (r = 0.92, p < 0.001) and
between taxonomic and feeding group evenness was
found. Since the two indices displayed a very simi-
lar picture, only the evenness values are graphically
reported here (fig. 4). Figures 5 and 6 illustrate a
significant positive correlation between predator
densities and both total collector (particularly
collector-gatherers) and shredder densities.
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Fig. 2. Chemical comparison of the two stations (data from December 1977 to October 1978). Median line indicates equal concentra-
tions of chemical parameters. Points above the line indicate higher concentrations at Station B and points below the line indicate

higher concentrations at Station A.

3.2. Differences between the two stations

A similar number of taxa (46 in A and 40 in B)
was collected during the study, 27 of which being
present in both stations (Tables I and IT). Only Oli-
gochaeta, Hirudinea and Chironomidae resulted
significantly more abundant in station A than in B
(Table IV). Considering the most abundant species
in both stations, Psammoryctides barbatus, Limno-
drilus hoffmeisteri, Dina lineata, Caenis sp. and
Polypedilum scalaenum (syn. breviantennaturm)
occurred in higher densities in A than in B. PSc
arrangement of taxonomic data during the sampling
period (fig. 7) revealed a quite clear separation of
the two stations and a strong similarity (> 50 %)
only within station A samples.

The absolute numbers of total collectors,
collector-gatherers and predators were higher in A
than in B (Table IV), but no significant differences
were recorded in the proportions of all the feeding
categories. Compared with the PSc results using taxa
abundance, PSc dendrogram based on the relative
abundance of the feeding groups shows a higher
similarity between the stations (f7g. 8). Although
taxonomic and feeding group diversities and even-
ness showed a greater numerical variation in station
B than in A, no significant differences were noted
in the values of these indices (Table IV). The hig-
her variability in most of the community parame-
ters at station B can be partly ascribed to two fac-
tors : a) the higher numerical presence of opportu-
nistic taxa, such as Naididae, which rapidly increase
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QDONATA
Salopteryr sp. (P) L
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COLEGPTERA
Elmidae {C8, 5C) H 0 0 0 1 2
DIPTERA Chirenoaidas
p./spp. (LB} 2 1 3 7 2 1
5 (Meigen) (C6, SH) 1 0 0 0 0 0
5us-dispar C6, S, P 0 0 0 2 ? 0
eigen (C6) t o 0o 1 0 o
Peatanewrimi (P) 0 ¢ ] ] 1 L)
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. /spp. (P} 2 ] 0 9 ] ]
. (05, S0 ¢ ¢ 2 3 4 0
DIPTERA Ceratopogonidae (LB, P) L) 0 2 0 0 ?
BASTROPODA
Lyanaea 5p. (5C, SH) e 0 7z 0 o o
BIVALVIA
Pisidiua s09. (TF) 32 0 0 1 2
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Table I. Macroinvertebrate taxa collected at Station A. Densi-
ties are reported as follows : 0 = absent ; 1 =

2 = 11-100ind/m? ;3 =

101-1000 ind/m* ;4 =

1-10ind/m’ ;
1001-5000

ind/m?. Letters in parentheses indicate feeding categories :
Collector-filterers, P =

CG = Collector-gatherers, CF =
Shredders, SC =

Predators, SH =

Scrapers.

Table Il. Macroinvertebrates taxa collected at Station B. Den-
sities and feeding categories are reported as in Table 1.

Date Jan. Jun. fag. Det.
taxa
OLIGOCHAETA
i 02 (Miller) (C6) [ S R )
H ter ((B) 3 3 ¢ 3 9 2
jes barbatys {Brubel C6) o 0 ¢ 2 o 0
h hair chaetae (C6) a ° k) ] ! 0
Clapartde (CB) 0 e H ? 2 L]
Luﬂn(ullne 6! 1 2 k) 0 2 2
Enchytraeidae (C6) 0 2 ) o 0 0
HIRUDINER
[ ta (Muller) ) ¢ 0 v 0 o 1
ANPHIPODA
Echingganear 73 2 [
150P0DR
Proasellus coxalis Ballé. (SH) 9 L] 1 0 ¢ °
PLECOPTERA (SH, P) ¢ 0 0 0 ¢ 1
EPHEMERPTERA
jeptagenia sulphures (uller) (€6, 5O [ T T T
e 0 ¢ 0 H °
nus o2 o o2 62
Prctet) (C6, SOV K H ) 0 0 °
ella rhenana {1shafd) (CFY ¢ 2 ¢ 0o 0 @
2 (Bureeister) (06, SOV L 0 ? 1 ° 0
2 0 ? 1 H 0
Pgda) (C6, §C) 9 2 1 2 o 2
TRICHOPTERA
Hydrapsychidae (CF, P o o o 0 b 1
COLEOPYERA
Elsidae (05, SO {2 T T A |
DIPTERA Chironoaidse
Orthocladiys sp./spp. (LB} 1 H 1 2 H 2
e 2 0 0 o0 0
o 0 0 0 0 2
Q 0 L] 0 o 1
0 0 ¢ 0 0 2
e 0 80 0 2
a 0 0 0 i 1
5. /509, (CB! ¢t 0 0 0 B
2 sp.Ispp. (LB ¢ 0o 9 o ¢ 2
Pentaneurini () L 0 I 0 9 °
Microosectra sp./spp. (C6) ¢ 0 1 0 o0 @
. /spp. (L6, CFY L] 0 1 0 1 0
$ sp./spp. (C, CF} o 0 0 1 o 0
p./spp. 1CF) o2 2 ¢ 0 o
eviantennatys Chern. (C6, SH, P) 2 1 ? 2 0 0
or. (GG, SH, P e 0 72 0 o0 1
. /5pp. (B 22 9 0o ¢ o
ironosus sp./5pp. (P) L2 o0 2 1 e
BIFTERA Ceratapogonidae (L6, P} o 2 1 1 2 12
BIVALYIA
Pisidiun spp. (CF) 12 ¢t 0o 0 0
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Fig. 3. Seasonal relative abundances of the macroinvertebrate groups at the two stations during 1978.
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Fig. 7. Similarity (PSc) among stations (A and B) and dates, based
on macroinvertebrate taxa abundances.

Table II1. Seasonal and annual mean (a.m.) values of functio-
nal feeding group percentages at the two stations. Feeding
categories as in Tables [ and Il ; TC = Total Collectors.

Jan.  Feb. Apr.  Jun,  Aug.  Oct.  am

T 800 TLT deb 390 827 389 520
6 56.2 .5 455 3.7 2.2 364 504
Station A <F L8 %2 Lt 03 05 25 LS
P 5 85 19 12 A4 L2 3
SH 36t 18,5 45,2 #8.6 250 426 357
sC 04 L3 &3 04 7 LI 3
)y ME 9.5 621 W2 L3 4.0 SN2
o] 9.5 5.3 4.9 2.3 27 SLY 43
Station B CfF 0.9 122 42 29 0é LI .0
P 26 56 38 28 0.7 &8 37
SH 3.9 1%.2 139 7Y 952 128 3.0
st 22 57 202 L7 0.8 4 70

Table IV. Significance of Wilcoxon-test comparisons for abso-
lute numbers of the most abundant taxa and of the functio-
nal feeding groups, and for community parameters between
the two stations {in all comparisons Station A > Station B).
n.s. = not significant. Only taxa present in both stations are

considered.
Total fauna n.s.
Oligochaeta p€0.05
Hirudinea 9<0.03
Ephenmeroptera n.s.
Chironoaidae 040,035
Ceratopogonidae ns,
n.s,
p<0.05
p<0.05
p€0.05
n.s.
p<0.05
n.s,
n.s.
sp./spp. n.S.
S Sp./Spp. n.s.
spp. n.S.
] p<0,05
n.s.
Total Collector p€0.05
Collector-gatherer p<0,03
Collector-filterers n.s.
Shredders n.s.
Scrapers n.s,
Predators p<0.05
Nusber of taxa n.s.
Taxonoaic diversity L1
Taxonoaic evenness n.s,
Functional feeding group diversity n.s.
functional feeding group evenness ns.

in abundance over a relatively short period of time
(Hughes 1975, Rodriguez 1984), and b) the post-
reproductive high percentages of Echinogammarus
pungens.

PCA analysis using taxa abundances showed no
consistent pattern in the spatial distribution and
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Fig. 8. Similarity (PSc) among stations (A and B) and dates, based
on functional feeding group abundances.

seasonal variations among the samples, so that the
graphic is not reported in this paper. Conversely,
PCA based on functional feeding group densities
(fig.9 and Table V) illustrates a clear separation of
station A from station B. Predators, collector-
gatherers and shredders resulted the major variables
of PC1, while collector-filterers and scrapers
influenced the definition of PC2. Moreover, PC1
scores were negatively correlated with DO values and
positively with NO3 and NO2 contents (Table V).
These results suggest that the axis is interpretable
as a gradient of water quality and the abundance
of predators, collector-gatherers and shredders were
favoured by little increases of organic pollution.

4. Discussion and conclusion

The two stations supported communities with
partly different composition and absolute densities
of some taxa and of functional feeding groups. Howe-
ver, they also showed similar annual average diversity
and evenness values, and proportions of functional fee-
ding groups. This partial similarity was probably due
to their similar substrate and water quality.

As expected, the community in both stations was
mainly composed of typical main groups (Oligo-
chaeta, Amphipoda, some Ephemeroptera and Dip-
tera Chironomidae) generally inhabiting soft bottom
with a moderate current flow (Hynes 1970, Lear-
ner et al. 1971, Ward 1975, Barton & Cock 1979,
Wielgosz 1979, Whitman & Clark 1984, Corkum
1989). Conversely, Plecoptera, Trichoptera, and
rheophilous Ephemeroptera were almost completely

Table V. Factor loadings of the first two principal components
from ordination of functional feeding groups. r = coeffi-
cient of correlation between principal component scores and
environmental parameters. Level of significance : - not signi-
ficant, * p < 0.05, ** p < 0.01.

Principal Coaponents

Factors 1 2

Eigenvalue 2.78 1.14
Variance account for (%) 55.70 22,90
Variables

Predators 0.94
Collector—gatherers 0.92

Shredders 0.7
Collector-{ilterers 0.87
Scrapers 0.78

Coefficient of correlation (r)

0o -0.60¢ -
BOD - -
N-NO3 0,748 -
N-NO2 0,58+ -
N-NH4 - -
P-PO4 - -

absent from the samples. Relationships between
some macroinvertebrate species and/or genera and
sediment composition have been already observed
in rivers by several authors. Tolkamp (1982) repor-
ted Polypedilum breviantennatum and Gammarus
preferring sandy substrate. Rae (1985) also found
Paratendipes as a characteristic chironomid of
coarse sand, and McCulloch (1986) noted that Lim-
nodrilus, Polypedilum, Paratendipes and Caenis
were mainly restricted to sandy substrates. Finally,
Edmunds {1984) considered Caenis typical of depo-
sitional habitat. All these observations are in agree-
ment with the present data about some of the most
abundant and diffuse taxa found in the River Treia.
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numbers indicate sampling months.

The dominance of collectors and shredders in
both stations is indicative of a rich quantity of fine
particulate organic matter (FPOM) and coarse par-
ticulate organic matter (CPOM). These results agree
with the observations of Rabeni & Minshall (1977),
who explained the preference of detritivore macroin-
vertebrates for sandy substrate because it served as
n better detritus food-collecting device than did the
roarser bottom. Functionally, shredders are consi-

dered important for processing CPOM into FPOM,
favouring the availability of food for collectors
(Short & Maslin 1977). Moreover, the direct rela-
tionships between taxonomic and trophic diversities
and between taxonomic and trophic evenness indi-
cate that an increase in the two structural parame-
ters of the community induces also an increase in
specific feeding types and a more equitable distri-
bution of individuals among them, suggesting a
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quite good partitioning of food resources among the
taxa. Finally, the trophic relationship between pre-
dators and their potential preys (i.e. collectors and
shredders) found in the River Treia was also recor-
ded in other lotic environments with a different (or
mixed) substrate composition, and different chemi-
cal features of the water (Fahy 1975, Hawkins &
Sedell 1981, Hildrew et al. 1984, Bunn 1986, Bar-
muta 1988).

With respect to water quality, the macroinverte-
brate fauna comprised a relevant proportion of
Gammaridae and, to a lesser extent, of Ephemerop-
tera, i.e. groups that are notoriously sensitive to
deoxygenation (cf. Hynes 1960, Hawkes 1979), in
our case indicating the absence of heavy organic pol-
lution in both stations. In particular, Echinogam-
marus pungens is usually considered an
oligosaprobic-Bmesosaprobic element (Zelinka &
Marvan 1961, Sladecek 1973) which can tolerate a
mild organic pollution (Watton & Hawkes 1984).
According to Goodnight & Withney (1961), also the
percentages of Oligochaeta on the total macroinver-
tebrates, not exceeding 80 %, can exclude forms of
gross organic pollution and suggest a moderate state
of organic enrichment. At the same time, the large
proportion of Oligochaeta recorded in some sam-
pling dates indicates an abundant presence of orga-
nic matter in both stations. According to chemical
data (cf. values of N compounds) and PCA results,
this fact seems to be more accentuated at station A,
which also showed higher absolute numbers of detri-
tivores (collector-gatherers and shredders) and Tubi-
ficidae, especially L. hoffmeisteri, a polysaprobic
species which tolerates organic pollution (Brinkhurst
1966, Sladetek 1973, Uzunov et al. 1988). More¢o-
ver, the other more abundant taxa, such as N. efin-
guis, P. barbatus, H. stagnalis, Caenis, Baetis,
Orthocladius, Polypedilum and Paratendipes, are
all B-« mesosaprobic elements, characterizing inter-
mediate conditions from clean to severely polluted
waters (Sladecek 1973, Hynes 1970, Lafont 1977,
Watton & Hawkes 1984, Hellawell 1986, Uzunov et
al. 1988). Overall, the results of the analysis on the
composition and structure of the benthic fauna of
the River Treia are in agreement with the chemical
diagnosis of the water. Therefore, as observed in stu-
dies on hard bottom macroinvertebrates, also the
fauna associated with fine sediments seems to be sui-
table for detecting the water quality of rivers, espe-
cially in cases of moderate organic pollution. In

order to test the general validity of these observa-
tions, further studies on rivers with different degrees
of organic enrichment are required.

In conclusion our results suggest that more
emphasis should be placed on macroinvertebrates
living in this type of substrate in future stream
researches, also considering that, despite its physi-
cal instability due to floods, this habitat can be very
common and sometimes dominant in several lotic
environments (i.e. lowland rivers, regulated rivers,
channels). According to Logan & Brooker (1983)
and Lenat (1988), studies of biological surveillance
could be carried out on the fauna of more diverse
type of habitats, including soft bottoms, to obtain
comparable data of use in providing a more relia-
ble and comprehensive diagnosis of the biological
water quality in rivers.
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