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Does wrong procedence assignment lead to underestimates in

groundwater biodiversity?
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ABSTRACT. Individuals of certain taxa (e.g., water mites and crustaceans) collected from streams
and rivers are often assigned to a surficial benthic origin when the animals clearly display
subterranean morphological characteristics. This paper addresses reasons for these errors and
proposes ways to minimize such mistakes when sampling.
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RESUMEN. ¿Los errores en las asignaciones de procedencia llevan a subestimar la biodiversidad
de las aguas subterráneas?: Individuos de ciertos taxa (e.g., hidrácaros y crustáceos) que pueblan
aguas subterráneas son coleccionados ocasionalmente en ríos y arroyos y asignados erróneamente
al hábitat bentónico. Esto sucede a pesar de su morfología típica de estigobiontes o habitantes
del medio subterráneo. Analizo aquí algunas causas de estas inesperadas colecciones. A partir
del conocimiento del intercambio de agua subterránea y superficial y de su impacto en la ecología
del hábitat acuático, remarco su importancia para el estudio de la biodiversidad acuática.
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hiporreica]
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THE PROBLEM OF ASSIGNING

HABITATS

In contrast to our relatively detailed under-
standing of the distribution of taxa in surface
waters, we still know little about the extent
of biological distributions in groundwater
and the specific factors that control these dis-
tributions (Boulton et al. 1998). Anyone in-
terested in the ecology of rheophilic inverte-
brates knows that it is sometimes difficult to
attribute habitats of origin to specimens col-
lected using methods like kick-sampling, con-
sidering that animals collected in this way

may normally inhabit the surficial benthic
zone, the hyporheic zone or the deeper
phreatic zone of true groundwater (Boulton
et al. 1998; Ward et al. 2000). Cook (1980, 1988)
remarked on these difficulties for water mites
(Acari) in particular, which he later overcame
by using subterranean individuals provided
for ecologists (Smith & Cook 1994). The use
of habitat-specific methods for obtaining
samples, such as those for hyporheic water
under flood plains or directly in the riverbed
can be of value (Schwoerbel 1986; Fernández
& Palacios 1989; Di Sabatino et al. 2000).
Sometimes we can use indirect morphologi-
cal evidence (Schwoerbel 1986; Fernández



1995; Ward et al. 2000; Strayer 2001) includ-
ing eyelessness, lack of pigmentation, elon-
gated limbs and well-developed sensory ap-
pendages to determine the habitat of origin.
Nevertheless, there are several cases of repu-
table taxonomists misidentifying hyporheic
taxa as surficial because, despite the animal’s
interstitial characteristics, they were collected
from surface substrates (e.g., Viets 1978a,
1978b; Orghidan & Gruia 1983) or drift
samples (Viets 1977). It is paradoxical because
one of those authors (Orghidan 1959) was the
creator of the term “hyporheic”. Although
these cases might be considered minor mis-
takes, they can lead to misleading taxonomic
and ecological conclusions in later research
(Angelier 1962; Petrova 1990; Fernández 1993;
Boulton & Stanley 1995; Humphreys 2000;
Ward et al. 2000). The present paper is not an
exhaustive revision of groundwater ecology
but seeks to answer three questions: (1) why
have we arrived at this situation which can
create problems for the ecologist, the system-
atist and the biogeographer?; (2) what is the
root of this problem?; and (3) how can we
resolve it? These questions are important to
answer because we are at risk of underesti-
mate groundwater biodiversity at a time
when conservation measures are gaining im-
petus and crucial data are needed on the bi-
ology of these aquatic invertebrates.

GROUNDWATER ECOLOGY COMING

TO HELP

Recent work on the role of surface-subsur-
face water exchange (Stanford & Ward 1993;
Gibert et al. 1994; Boulton et al. 1998) permits
us to reinterpret some problematic stygobiotic
distributions in flowing water. The occur-
rence of stygobites and phreatobites (sensu
Gibert et al. 1994) in the benthic zone, some-
times very close to the surface (e.g. in Surber,
kick or even in drift samples!) can be ex-
plained by the complex system of water cir-
culation between the hyporheic zone and the
river (Creuzé des Châtelliers et al. 1994). We
have frequently been surprised to find
stygobiotic forms of water mites and amphi-
pods in unexpected sites (Ginet & David 1963;
Fernández et al. 2001). At first, I was con-
vinced that the process was seasonally re-

stricted to those times when the river is fed
by subterranean water (Figure 1; Creuzé des
Châtelliers et al. 1994). During the wet sea-
son (summer), subterranean water receives
river waters and the opposite happens dur-
ing the dry season (winter). Then we could
expect to collect stygobites near the surface
as they are carried up by upwelling ground
water. This process was observed in relation
with strong seasonal precipitation in a sub-
tropical region of northwestern Argentina
(Fernández & Palacios 1989). In this moun-
tain region, 80% of the annual precipitation
occurs in summer (>900 mm). There, most
stygobiotic water mites and amphipods were
collected at the end of spring, the driest pe-
riod (Fernández & Palacios 1989). The pres-
ence or absence of stygobites in some places
may be explained by upwelling (discharge of
alluvial aquifer) and downwelling (recharge
of alluvial aquifer) zones in the river (Creuzé
des Châtelliers 1994). These zones are respon-
ding to two different parallel processes (Fi-
gure 2) that, as in the case of seasonal move-
ment of ground water, transport the water
into or out of the surface river (in a simplistic
but graphic sense).
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Figure 1. Seasonally gaining (right) or losing (left)
South American subtropical stream in relation
with the aquifer.

Figura 1. Esquema de un río de América del Sur
subtropical que gana agua estacionalmente
(derecha) o la pierde (izquierda) en relación con
el acuífero.



The vertical and horizontal movements of
water mites through different zones (benthic,
hyporheic and deeper) in the river system are
well known (Schwoerbel 1986). However, at
a larger scale (e.g., basin), these migrations
are not as significant as the more important
physical forces. Thus, we can expect that
stygobites will occur predominantly in up-
welling and not in downwelling zones (Fig-
ure 2). For instance, this last case corresponds
to one site in the Medina foothills (Tucuman
Province, Argentina), where three bogidiellid
amphipod species (Grosso & Fernández 1988)
and stygobite water mites (Fernández 2002)
were obtained in an upwelling hyporheic
zone. Furthermore, we did not obtain any
stygobites from the downwelling hyporheic
zone upstream of this river. In two other big
alluvial valley zones associated with the
Piedras and Conchas rivers (Salta Province,
Argentina), bogidiellids and stygobite water
mites were collected from surficial substrate
(Fernández et al. 2001). Coincidentally,
Boulton & Stanley (1995) collected stygobites
in upwelling zones in a Sonoran Desert
stream while surface taxa dominated
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Figure 2. Simplified diagram showing simulta-
neous process of upwelling and downwelling
along a hypothetical alluvial river.

Figura 2. Diagrama simplificado que muestra el
proceso simultáneo de afloramiento (upwelling)
y resumidero (downwelling) a lo largo de un río
aluvial hipotético.

downwelling zones. This was also well docu-
mented in the French Rhône River (see
Marmonier et al. 2000).

PLANNING SAMPLING

The seasonal processes of flooding and
drought and the spatial locations of upwelling
and downwelling can explain the sometimes
apparently capricious presence of stygobites
in unexpected areas, especially the epigean
real. Recognition and detection of the tempo-
ral nature of movement of subterranean wa-
ter and the location of the downwelling and
upwelling zones in any river or stream is
important for studies of taxa with hyporheic
or phreatic affinities. It has even been sug-
gested (Boulton 1993) that surface stream ex-
periments should account for upwelling and
downwelling zones when being designed as
upwelling water can contribute nutrients and
fauna to the stream. The vertical direction of
the groundwater movement can be easily
measured with minipiezometers (Lee &
Cherry 1978). Using these tools we can map
out the pattern of upwelling and down-well-
ing zones in the study zone determining the
positions of stygobites hotspots. Taking hy-
drological concepts into consideration, such
as water movements (surface-subsurface wa-
ter exchange), will allow a more rational and
efficient planning of biotic surveys, especially
if we keep in mind the reservoir of biodiver-
sity contained in groundwater habitats
(Palmer et al. 1997; Boulton et al. 1998; Strayer
2001). This consideration will reduce pro-
blems in the future by use of more holistic
approaches (Schwoerbel 1986; Petrova 1990;
Fernández 1993; Humphreys 2000).
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