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An Introduction to the Japanese Groundwater Animals
with Reference to
their Ecology and Hygienic Significance

by

Koichi MATSUMOTO*

AN INTRODUCTION TO THE
JAPANESE GROUNDWATER ANIMALS

In the first half of this century, littls was known of the groundwater animals of
Japan. In 1916, Prof. ljima and Dr. Kaburaki gave a description of a hypogean
planarian as the first groundwater unimal of Japan. Following this description,
eleven species were recorded from wells and caves during the thirty-five vears
up to 1950 Thus, only twelve speeics of animals were registered as ground-
water gamimals of Japan in the first four decades of this century.

Since 1950, a number of groundwater animals have been collected and de-
scribed from caves and wells of Japan. and the present list of the troglobites
from the groundwaters of Japan comprises almost two hundred species which
are classified 0 eight phyla, thirteen classes, eighteen orders, forty-seven fam-
tlies, and at least seventy-seven genera,

However, numerous specimens of Oligochacta, Ostracoda, Cyelopoida, and
particularly those of microarganisms such as Protoroa, Hydra, Nematoda, and
Rotatoria. etc. still remain undescribed, Because sufficient numbers of mature
specimens in satisfactory condition are nat available for study, some material
of Nemertinea, Archiannelida, Turbellaria, Dytiscidae, Phreatodytidae, ete.
are also left undescribed,

In recent vears, a remarkable decrease in the number of wells available for
the callection of material has forced some speleobiologists 1o divert their activi-
ties to the ficld of the interstitial fauna of rivers and seashores,

Besides the troglobites listed in Table 1. various groups of troglophiles and
trogloxenses have been obtained from the groundwaters of Japan. Some of
them are significant as a biological indicator of well-water pollution upon
which | shall comment later on.

Amaong the aquatic troglehites of Japan, aone of the noteworthy groups may
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Tahle | Troglebites reperted from undecgroundwaters of Japan
PROTOECA
CILIATA Suclodia: Tokuphrera phreaticurt
Hypotrichida: | &p. (undescribied )
COELENTERATA
ANTHORRDA Acluiaria 1 a.g., 0.5p. dundeseribed)
PLATYHELMINTHES
TUBRBELLARLA Tricladida
Erlamariicive: Phagocasa papelifers, Ph albatd, Phoeneils
Kenlidae: Specpbita sp (undeseribet)
Sphalloplana sp. (uedescribed)
NEMERTINEA
ENOPLA Haplenemerlinea: 2 3pp. tendescibed)
MCLLUSCA
GasTROPODA Caenngastiopada
Hydrahudas: T Akiposhie (55000 1 5pP.

* Ak ivashia [Suganort & spp.

ANNELIA
ARCEIANNELITA Merillidag 1 spp. fundescnbed )
Mgl . fundoseribed )

OLIGOCHAETA Meoligochaesa
Haploraxidns: Hapluto e gordioides, H, gasteachaerii
lLumbgicubidae: Hrabea ogumirl
FEIRUBDINEA Ginaihohdellida
Erpobdellicdae: Erprohdelie sp. (undseribed)
ECHILIRCQITHE A | sp. (undeseribed)
ARTHROPOLA
ARACHNIDA Acarina
Huwdrow olrisdiee: R pppoolIg ek
Prostaiidic. Waumae ria prpodica
Torrenticnlidae Torrenrizada 2 5py
Limnasiutoe: B PR Ry el R
Hygrobatidae: Atracricler 4 spp.
Unaonice lidie: MNewmaria 1 spp.
Feleriidac. Frlteia 5 spp.
Ao nincpedae: Lethrrona & spp.. Axonopsic 9 spp.. Liagnes 5 spp.
* e REE O PRI nazehsIE
Fromiipodapar retioulaf (i ass vir. ol irgwa
Aruridae: Aturws subteremeus
soumoniidas: Sepgomomoniad b spp.
Madcopsidas Mideapser |3 spp
=Lchidastygacaridar: * Lihidartygdcdrus 4 spr.
*Nipponicaridad PRI manenatol . sl & fapemicies
rEamacaridag: * Funlacdfiaf BT
Hungarohydracaridae: Fharatohvdrgeare | sp.
Arrendiidae Arreneru sp.
Halacandac: * Himejorarus paorimeion

Parasoldenellonyy (yphlops Mpenicus
Soldanelioryr 4 app.
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Ualracoxla
Podocopa:

Coptpada
Cyelopamnds
Cypclopiclae:

Harpacticoida
Eclinusonidae:

Ehy lingnathopeadidae;

Lacphontidae:
Ameridac:

Canthoramplidae:

Paruslenocanlae:
Malicosiraca
Rathynellacea
Baihynelldpe:
Farabarhvhellidac:

Amphipoda
Ingolfiellidas:
Pontugeneindae:

Crammaridae:

lsapoda
Aurilicdae:

Farascilidue:
Micraccrberidae:
Colenpiers
*Phreat odytidae:

[hiraswidae:

YERTERRATA

Percida
Gobiidar:

* Famities, zerera and subgenera sndeme to Japgan

Podocopa spp. {undescribed )

Ererpelps murgi

Megacpclops virndis rakefiessic
Avanthocrelams marioig
Digepelops elisfncies

I fanguidiides fopomices,

I3, famgenidicles Sugnerris
Aprarpclens weromesy

Frtirosome fupoerica
Fhyilogagthipur wiguicrd
CrapeHocarmmii mofiirned
Nijgera 3 spp.

Airarreifa 4 spp.
Crewrhinatecies mirahelic
Aretigielle 3 spp.
Brypowampeiur 4 app.
Pargrampius makamures
Eputetopluties Fichardy
Flaprfaiclella 5 spp.

Farattenecarin 4 sp.

Barfipnella 12 spp., | subsp

Eobathyrelir | sp., 2 subspp.

Atterbarrhveetla 5 spp., | subap.
* Nippohathpaella miural

fnpodfielle spp. (undescrbed )
Pararmoera relicttca, P oisushimane
* Awararis kaworawss
Fsewpdocrangon s 5 spp.
® BUCTaOmire R v fannie s
* Meomipfargur | Somiplargus)l kajiimel
Eriopma sp. (undescribed)
Boyricliela ap. (undisedibed)

Aseflur {55ty 7 spp.
* Asefliag [ Flrearoaselling) 5 spp.
* Llenurelus éyeensiv
= Migpponaretfus 5 spp.
AMackinia 3 spp.
Mirrocerhorus Kiteant, M. Frekwcdal, &1, bosmersic

* Maredrodpres relichoy
Fhrestodyetes 2 oo spp. (undeseeibeed)
* Morimetoa phreadices
Morimetos Tnospp., |on. subsp (undescribed)

uréngndius pallicdes
L. albes
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be the marine derivatives, such as Actiniaria, Nemertinea, Archiannelida,
Echiurida, and Parasellidae, etc. An Actiniaria has been Dbl'&inci_i from a
slightly saline pool (salinity: 14.8900,1 in a lava cave on 1sh. Fukue-jima near
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Fig. I Insteibuten of troglabioneic Actiniaii, Nemertmes, Hiradinea, Nerillidie wod Echiurida

ngd\dkl tapether with a cave fish, and it is supposed to belong 1o a new spe-
cies and new genus. A specimen uf Hoplonemertinea has been collected from
anather lava cave on the same island and one more Nemertinea has been ob-
tained from a driven well in the suburb of Tokyo. Archiannelida have besn
found from wells and caves in Hokkaido, Honshu, Shikoku, Kyushu, and Isl.
Tsushima and comprise, at least, two species of Nerillidae. According to Dr,
3. Ueno’s note, they are rather related to Thalgssochaetus, 2 marine genus
from Kiel Bay, than to Troglochgetus. Living material of Echiurida from a
well near Tokyo unfortunately disintegrated during microscopical observa-
tion. Thus, these groups are not yet sufficiently investigated with the exeeption
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of Parasellidae, becaunse of difficulties in fixation of materials and microscopi-
cal observation of living ones. As to the Parasellid genus, three species of Muac-
kinig have been described from Japan, South Korea, and Far Eastern Siberia

1 Himeji
M. phrestica
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Fig. 2: Trisrribwiion of Dyliscidac and Phreatodytidas

near Nahotoka, The other noteworthy groups are the archaic relicts such as
Bathynellacea, Phrecrodyies and Morimotoa, etc, The former order is widely
distributed throughout Japan and comprises more than nineteen species which
are classified in four genera of two families. The latter two genera of aguatic
beetles distributed in western Japan are both anophthalmic and depigmented
and comprise at least six species. As to the last group, interstitial ancient relicts
such as Ingolfiella and Microcerberus have been recently found in the ground-
waters of Japan, Further, the oecurrence of the two genera of Kenkiidae, Spe-
ophifa and Sphailoplora, though not vet sufficiently investigated, is zoogeo-
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graphically intercsting, because they are the relatives of the North American

cavernicoles,
Most of the species of the Japanese aquatic troglobites are endemic to Ja-
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pan, and what is more some of their genera and families are also peculiar to
Japan. According to Prof, lmamura, three of the seventeen families of the tro-
globiontic Hydrachnellae, Uchidastygacaridae, Nipponacaridae and Kanta-
caridae, arc endemic to Japan, Further, the troglobiontic Coleopteran family,
Phreatodytidae is a peculiar family of Japan. As to the endemic genera, sixteen
genera of various animals can be listed: Luciogobius, Morimotoa, Phrearody-
tes, Nipponasellus, Uenasellus, Eocranganyx, Awacaris, Nipparbarhynelia,
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Himejacarus, Kentacarus, Nippondcarus, Uchidasiygacarus, (fengxonopss,

Kawamuracaris, Stygovolzia, and Akiveshia.
%
g i
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Bl Gow

{lava caw@

Shimabari Wakayviama : Luciogobus albus

Uwa)ma 1. pallidus

adT
Lucigohius palhdus :

T, 43 Dstribunion af rreplebiontic Gobrdie

SOME ACCOUNTS ON THE ECOLOGY
OF THE JAPANESE GROUNDWATER ANIMALS

As to the voolagy of the groundwater animals of Japan, sufficient matenal far
discussion is nol availlable. Therefore, the writer would like to introduce brief
notes on their habitats obtained during the collection of materials and the
examination of well-waters. A great majority of the aquatic troglobites of
Japan have been obtained from wells and some of them occur alsa in caves, but
only a few have been collected froim springs, river-heds, and the hattom of decp
lakes. Recently, however, & number of specimens have been callected from
interstitial media of rivers and lakes as well as seashores. The general features
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of the wells from which the groundwater animals were obtained are summaris-
ed as follows:

1’ Construction of wells: In Japan, groundwater animals have never been
obtained from bored wells deeper than 30 meters. Most of them have been col-
lected from driven wells with a depth of less than 10 meters. Planktonic and
nektonic troglobites, such as Cyclopoida, Mackinia, and Gammaridae, et
pecur both from driven and dug wells. However, benthic troglobites, such as
Gastropoda, Oligochacta, and Planariidae, etc, are rarely obtainzd from the
pumps of dug wells. Aselfus kewarurai seems to prefer open dug wells. Gen-
erally speaking, groundwater auimals available for investigation were rarely
abtained from wells with a motor pump.

2} Sitvation of wells; Groundwater fauna of wells near rivers 15 much more
variahle than that of wells further away and from the former various kinds of
exogencus animals such as leeches and larvac of aguatic insects, ete. arc also
obtained accasionally.

3 Bottom materials of wells: Groundwater animals are tare in wells with a
rocky bed or sediments of valcanic ashes. Most inhabit wells which have clean
sandy scdiments mixed with small amounts of organie detritus in alluvial re-
gions. (enerally, Hydrachnellae, Ostracoda, Bathynellacea, and Nipponasel-
fus, etc. are the representatives of these tvpes. However, Cyelopaida, Oligo-
chaetn, Asefhey and Mackinia, etc, seem to prefer wells with muddy bottoms
containing much organic sediment, It is noteworthy that Aselfus kawarmurai
seems o prefer open dug wells which have decaying leaves an the bottom,
Large types of aquatic Oligochacta are freguently obtained together with large
amounts of their excreta,

4) Water temperature of wells: Water temperature of fifteen riverside wells
with depths of 4-5 meters in Hachiojl City in Tokyo Prefl, where more than
thirty species of various groundwater animals were collected, ranged from
21°C 1o 25°C 1o August and fell 1o 9-13°C in Janvary, Mast aguatic caver-
nicoles are known to be cold stenotherms, but the groundwater animals in the
Hachigji area were found to be considerably tolerant to thermal fluctuations.

3} Calor, turbidity. and odor of well-waters: Mos! of the groundwater an-
imals preferably inhabit clear, colorless, and oduoriess water, however, Mack (-
sigr, Cyclopoida, Amphipoda, and Oligochaeta, ete, have been obtained rarely
also from opaquely turbid waters. Further, 4. kawameral has been collected
in great numbers from unused open dug wells, the water of which has a con-
spicuous odor of hydrogen sulfide. In many cases, well-waters in which lurge
Oligochaeta hive have a fishy smell.

&) pH of wellwaters: pH values of all of 521 wells where the groundwater
animals were obtained were less than 7.8 and most of them, 455 wells, ranged
from 5.7 to 7.0 rather than 7.0-7.8.

71 Chemical properties of well-waters: As to the chemical properties of
well-waters in which the groundwater animals occurred, all the results of the
exarmunation of chlarine ion, total hardness, KMnQO, consumption, and total
residues were within the limits of drinking water criteria except for those of
nitrogen compounds and iron. On the whole, more than 2062 of the wells, from



JTAPANESE GROUNDWATER ANIMALS 1449

which Paludicola, Oligochaeta, Cyclopoida, Aseffus. Nipponasellus, Gamma-
ridae, and even Bathynellacea were obtained, were found to be polluted to the
extent of being unfit for drinking,

B} Dissolved oxygen in well-waters: Amounts of dissolved oxygen in thir-
teen wells in Hachioji City situated on the riverside area ranged from .75
ppm, to 10.75 ppm in January, 1960,
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Fig. 5 Distribution of Akiyoshia (Gastropoda, Hydrobidae)

9% Bactericlogical quality of well-waters: Because the bacteriological exam-
ination of common drinking waters is much more sensitive for organic water
pollution than the chemical examination, groundwater animals were obtained
regardless of the bacteriological water quality. As to the results of the Coli-
aerogenes proup test, most of the proundwater animals were obtained from
wells bacteriologically unfit for drinking. Concerning the bacterial counts,



L&0

KOICHI MATAUMOTO

Table 2. Nitrogen Compounds in Well-water and Undergroundwater Animals.

N-Compounds

Numhbers of Wells

NH;—N NO,—N NO,—N Tuotal

Animals — =]+ = £ [+ [+ —| =] +]|++
Paludicala 1w 1 3 [l 51 71 1 ol 3] 1 [ 14
Oligochaeta P 3sl 3 o 2 16) 13) 19 36 9 4 51
Cyelopoida 65| 10| s 2| 15 27 35I| G| 60} 13 83
Harpacticoida 7 | 2 51 2 7
Ostracoda 26| | o] 6| 1 23 40 1| 1| 29
Mackinia ok 8 2| 24| 28] 26| 5| 63| 7| Tl 2| B84
Asellus (5.5tr)

hilgendorfn 4 ] 20 1 (NI 4 1 5
Asellus (s.5tr)

musashiensis 18 5 I 1 3 A N L | 25
Asellus (Phr.}

kawamurai 2| 3 1| 1| 3 3| 2 5
Nipponasellus | I

huhricht 430 4 4 19] 19 11| 2| 40 4 a 2 51
Gammandac TOl 13| 7| 4 290 280 31| &) 68| 12) 11| 3| 94
Bathynellacea 22 5 1| 10| s]to] 3|19l 3] 4 2| 2%
Hyvdracarina 11 ] g 2 1 11 l 12
Hydrobiidae

{ Akiyoshia) 1] 6 4 (1] 1 1]
Diytisend 1) 3 1] 1 2
Total Number of
Wells examined [393) 54| 41| 12| 149|158 (163 30 [375] 64| 42| 19| 500
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Table 3. Hygicnic Grouping of Animals Reported from Well-waters of Japan

151

Aguatic animals
Groups
Troglobites Troglophiles and Terrestrial animals
Trogloxenes (exapenos)
Tokophrya phreaticum | Hydra sp. Bipalium fuscarum
Hypotrichida sp. Craspedactisea Iseand B, frifineaium
FPhapocata 3 spp. Dhugresta japonica Plumanata spp.
Speophila sp. Phogocera 2 spp. Frsenia foetido
Sphalloplana sp. Pendrocoelopsis Lumbricidae spp.
Memertinea sp. lacteus Araneida spp.
Akivashia 6 spp. Mematoda spp. Acaring spp.
Merillidae 2 spp. Kevatella cochlearis Omiseoidea spp.
Flaplotaxis 2 spp. Eruchlarnis sp. Taltridae spp.
Hrabea ogumal Lepadella ovalis Inplopoda spp.
Echiuroidea sp. Asprlanhng sp. Chilopoda spp.
Hvdrachnella 70 spp. Callicding sp. Collembeola 10 spp.
Group || Ostracoda spp. Kevtaria rodatoric Orthoplera spp.
Cyclopoida 7 spp. Chaetanadiy sp. Dermaptera spp.
Harpacticoida 24 spp. | Nafs sp. Coleoptera spp.
Bathynelaces 19 spp, Arorogormr fermprichi Hymeooptera spp.
Ascllidae 17 spp. Sevdaria lacuseris Dipteca spp.
Lenasellus irocsis Pristima sp. Anura sp.
Muackinta 3 spp. Hyvpsitrius augused Sauria sp.
Gammarudas 10 spp. Cistracoda spp. Insectivors sp.
Fhreatodyies veficius | Cyclopoida 11 spp. {hair)
Fhreatodyies T spp. Harpacticoida 4 spp. Rodentia sp.
Morimoioa phreatica | Aselfus hilpendorfii thair)
Merimoea 2 5pp. Rivilogam. ripporensis
Laeciergestrines 2 spp. Faramtoera ezonis
Cyclopoida spp. gmﬁﬁ:?ldm o
Axeltuy minrar : %
Giroup 2| dselfus vasashiensis
Nippanaselfus hubeichii
Mackinia spp.
Prendoerangonys spp.
Aselluy kowgmurar Mastigophora 6 spp.
- Harcodina 14 spp.
Croig 2 Cliliata 9 spp.
Retaria redatoria
Branchitra sowerhyi
Tuhihcidac spp.
Hirudinea 3 spp.
Dphemig pulex
Group 4 Perlidae sp.
{cxopenous) Trichoptera sp.
Fivehoda sp.
Elmidae sp.
Neanecter matrix
Falizevia sp.
Luciols sp,
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Paludicola, Oligochaeta, Cyelopoida, Mackinia, Asellus, and Pseudocrango-
mix, ete, were found to occur also in highly contaminated waters containing
maore than 5,000 bacteria per | ml of water. According 1o Japanese drinking
water criteria, bactertal counts per 1 ml of water is limited to be less than 100
and the Coli-aerogenes proup must be negative in 50 ml of water, On the
whole, greater numbers of groundwater animals were found to occur in clean
well-waters at least within the limits of chemical drinking water criteria, how-
ever, from the paint of bacteriological safety standards, most of the wells from
which groundwater animals were obtained are regarded to be unfit for drinking.

10) Population of groundwater animals: In most cases, the population of
the groundwater animals obtained from wells was extremely small, However,
the writer has obtained more than three hundred individuals of Mackinia from
330 liters of well-water, about one hundred fifty individuals of Aseffus rmusa-
shiensis front 300 liters of water, about one hundred individuals of 4. mivrai
from 500 Lters of water, and about fifty individuals of 4. tawarnrai from 200
liters of water. These large populations of groundwater animals were observed
anly in polluted wells.

BYGIENIC CONSIDERATION ON THE
GROUNDWATER ANIMALS OF JAPAN

As the writer has mentioned, to date, more than (90 species of troglobites and
about filty species of troglophiles have been collected from well-walers of
Japan. However, none of them are known to be directly detrimental to human
health. In this sense groundwater animals may seem to have little beaning to
human health problems. However, & number of trogloxenes and various ter-
restrial animals have also been found in well-waters and some of therm appear
to be significant indicators of well-water pollution. Therefore, exact knowledge
of their taxonomy and ecology may be necessary to those concerned with the
purity of drinking water. All kinds of macroorganisms which occurred in well-
waters in Japan have been provisionally classified into four groups and ar-
ranged in Table 3. Most of the troglobites listed in Group | were collected
from well-waters which were clean, at least within the limit of chemical drink-
g water criteria, and in mast cascs their populations were extremely small.
Therefore, as their occurrence is rare, they themselves are apt Lo be overlooked.
However, smallness of their population size per se does not assure the safety of
drinking water guality; this is particularly so as to bacteriolomcal pollution,
Further, some of them listed in Group 2 were occasionally observed to multiply
to a great number when the well-water was polluted. This phenomenon has
been ohserved in Aselius, Mackinio, FPseudocrangonyx, and Cyclopoida. Their
mulliplication in well-waters may apparently indicate the pollution of water.
A mirority of troglobites and a majority of troglophilous or trogloxenous
micreorganisms are listed as Group 3. They were found to prefer naturally
cutrophic environments of well-waters with much organic sediment. Aselius
fewarmurai 15 the representative of this group, Most of the troglophiles and
trogloxencs which dircetly vaded wells from neighbouring surface waters
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such as rivers, ponds, and ditches, ete. are listed in Group 4. Their occurrence
may suggest the presence of permeable passways through which they could
reach the well and indicate a heavily contaminated condition of well-waters.
Some of the Tubificidae, Hirudinea and aquatic insects are listed as members
of this proup.

Furthermore, most of the terrestrial ammals shown in the table are com-
monly distributed in country distriets and suburban areas. They live around
or inside dug wells and occasionally fall into the water. Therefore, remains or
parts of their bodies are occasionally pumped oot from wells. Of course, their
aceidental presence in the well-water has no relation to the water quality. How-
ever, they themselves will be an undesitable origin of contamination, and they
may imply an unhealthy state and an incomplete construction of wells, Earth-
worms, snails, slugs and Bipalinm, etc. occur in wells situated in low and wet
environments, Terrestrial arthropods are often found in crowded circum-
stances and sometimes invade wells during cold seasons seeking warmer win-
tering refuges. Furthermore, some species of Collembaola, such as Orpchivrus
Sfolsoni, are frequently found to swarm on the surface of well-waters.

Thus, a little ecological and taxonomical knowledpe of the animals found in
well-waters makes it at times possible to detect well-water pollution and to
point to its oTigin.

Microorganisms, such as Algae, Protozoa, and Aschelminthes, etc., may be
the most significant and sensitive indicator organisms for water pollution. Un-
fortunately, knowledge of these is extremely limited in Japan. Only the follow-
ing is certain. The chlorophilous organisms are originally exogenous to
groundwaler environments and their presence is indicative of well-water pollu-
tion. This fact was carefully investigated by T. Koriyama (1952), who demon-
strated thal most of the well-waters which contained Chlorophyeeae and chlo-
raphilous Protozoa were not bacteriologically fit for drinking.

SUMMARY

Iy Nearly two hundred species of troglobites are known [rom the groondwaters of JTapan. Most
of these trogloblontic species, sixteen of seventy-seven penera, and what 15 more, four of forgy-
seven families are endemic 1o Japan, Uchidastypacaridae, Nipponacaridae, and Kantacaridae are
codemic acaridan fanwhics of Japan. The coleapterous family, Phreatmlyiidae, is also endemic o
Jagun.

23 Though swodies on Protesoa. Turbellania, Annchda, Aschelminthes, aod Ostracoda, e
reomin sparse, the infersting] fanng is actively investigated recently and many specimens of Batby-
nelaces, fapolfiella, Bapeclivlla, Microcerberus, Prelovermis (Opsthobranchia), and MNerillidae,
et Tave been culleeted from Treshwater and marine enviconments.

31 Mone af the troglobites is known 1o be directly detrimental to human health and most of
them have been collected from well-waters which are regarded as chemically clean in many cases.,
b they have also been oblained cocasicnally fram bactenalogically contaminated well-walers.

4] LCealogical snd taxonomic koowledee, of even the lmited amount which we possess a1 pre-
senl, kas enabled us oo utilize variows animals which occur in well-waters a5 bivlogical indicators
of well-water pollution amd e have some insight @ to the origin of the polluton.
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LUSAMMENFASSUNG

Beinahe pwethundert Arten Grundwassertiers sind avs den japanischen unterirdischen Gewsissern
bekannt, De meisten von ihnen sind in Japan endemisch; an Gatlungen sind sechzehn und an Fa-
milicn sind vier, d.h. Mipponacaridas, Kamtacaridae, Uchidastygacaridse, und Phreatodytidae,
heimisch. Wilirend Protozoa. Turhellaria, Annelida, Aschelminthes, Ostracoda, usw, wenig e
forscht sind, werden in letoter Zeit die interstitellen Grondwassertiece aktiv uniersucht. Keines
der penannten Grundwassertiers st yoweil bisher bekannt, fir die Menschen direkt gesundheit-
schiidlich, Das Brunnenwasser, aus dem die meisien von ihnen entnommen worden sind, is0 ewar
in chemikalischer Hingicht als klar anzusehen. Aber es kommt manchmal auch vor, dal sie im
haktenologisch verseuchien Brunnenwasser ermitielt werden. Yerschiedene Tiere, die im Brunnens
wasser gefunden werden, kdnnen als biologische Anzeiger fir die Verscuchung des Brunnen-
wassers gehraneht werden und verhelfen uns tu weiterer Einsiche in dic Urspringe der Yer-
sehmuteung,
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