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Abstract: A bibliography is presented on Hydreltia griseola (Fallen I, a cosmopolitan species of shore fly that is an
agricultural pest throughout much of its range. The literature review includes 195 references and spans 180 years: from
1813, 'lInen H. griseola '....as first described (as Z"Tetopkila griseola), to 1993. My revie'.... updates and extends by 1Hl years a
prevIOUS reVIew of thIS speCIes. The host plant aSSOCIatIOns, bIOnomICS, dIstrIbutIOn, pest status, and control of thIS speCIes
are reviewed. The known host plants oflarval H. griseola are listed. My survey ofthe literature supports the hypothesis that
H. griseola is increasing its range as a pest ofrice. H. griseola can be controlled by cultural or chemical methods, but due
to agronomic and environmental constraints on these methods, my review points out the need for more research on and use
of the natural enemIes of H. gnseola.
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Introduction
HydrelUa Robineau-Desvoidy (18311) (Diptera-

Ephydridae: Notophilinae) is the most species rich
genus of shore flies, and one of the most widely
distributed genera in its family (Deonier, 1971;
Zatwamicki, 1988). Nydl ellia contains about 11%
of all species of shore flies and is recorded from all
continents exceptAntarctica. Five species (jascitibia
v Roser, griseola Wallen), lschzaca Loew, tene-
bricosa Collin, and tibialis Cresson) are Holarctic,
and at least five (griseola, ischiaca, philippina
Ferino rosternalis Deemin and sasakii Yuasa
an si ani are ec ca y
nicki, 1988) Also, H pakt:stanae Deonier (Tram
southern Asia) and H. balciunasi Bock (from Austra-
lia) have been introduced into the United States for
biOlorcal weed control (Buckingham et al. 1989,

most widely distributed and one of the most eco-
nomically significant species (JOShI et at, 1986;
Zatwarnicki, 1988). The literature on H. griseola
dates back to 1813, -;,rhen Fallen originally de
scribed this species as Notophila griseola. Macquart
(1835) later placed it in the genus Hydlellia. Since
tben, a considerable body of literature has accumu-

y re La spp. tat attac rice. rlganck 1959a
and Deonier (1971) reviewed the biology of H.
griseola.

However, an expanded and updated bibliogra-

date. Second, an updated review ofthe literature on
H. griseola is also warranted.

TheH~fore, I present an expanded bibliography
on H. griseola, including references from 1813

discuss unresolved issues regarding the distribu
tion of H. gl iseola, note the increasing recognition
of this species as a pest of rice, and point out the
need for more research on the natural enemies ofH.
griseola.

Distribution, host range, and bionomics
In the Palearctic, H. griseola occurs through-

out Emasia and insular regions of southeast Asia
(Barrion and Litsinger, 1981; Zatwarnicki, 1988).
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In the westen! hemisphere, II. gl iseola is found
throughout the United States and Canada
(Gnganck, 1959a; Deomer, 1971), and m Costa
Rica (Cresson, 1918), Uruguay (parker et a1., 1951-
52), and Colombia (Weber et aZ., 1988). The appar
ent discontinuous distribution in Latin America
and South America may simply be due to incom-
plete information on the geographic distribution of
H griseola, or perhaps it may indicate introduc-
bons of thIS speCIes at varIous SItes.

The distribution of H. griseola in Africa and
Australia is uncertain. Willcocks (1925) originally
reported that H. gliseola occurs in Egypt, but
recent reports indicate that the species may actu-
ally be H. prosternalis (IsmaIl et aZ., 1979; Isa,
1989). Halfpapp (1989) reported that H. griseo1a
had been found in Queensland (Australia), but
Bock (1990) asserted that specimens collected by
Halfpapp represented a new sibling species (i.e., H.
mareeba Bock). More intensive surveys for H.
griseola on these two continents is needed

The WIde dIstrIbutIOn of H. gnseola reflects Its
tolerance for a great range of habitats and envi
ronmental conditions. Adult activity and develop
ment of the immature instars occur at tempera-
tures ranging from about 10° to 40°C (Grigarick,
1959a). Alhtudmally, H. gnseoZa has been collected
from 87 m below sea level (Death Valley, USA) to
2950 m above (Mount Timpanogos, Utah, USA)
(Deomer, 1971).

H. griseoZa occurs in various ephemeral habi
tats ofaquatic, semi-aquatic, and terrestrial ecosys-
tems (Grigarick, 1959a; Deonier, 1964b, 1971;
Schelrmg and Foote, 1973). ThIS speCIes occurs m
natural settings as well as anthropogenic habitats
(e.g., rice paddies and other agroecosystems, ca
nals, at tificial ponds) (Or igar ick, 1959a, Deonier,
1964b, 1971; Scheiring and Foote, 1973). Methods
are described for sampling tbe different life stages
of H. griseola in various habitats (see Grigarick,
1959a, b; Deonier, 1971; Deonier, 1972b).

H. griseola is a polyphagous plant feeder in the
larval stage (Grigarick, 1959a; Deonier, 1964b;
1971). The majority oflarval host plants are mem-
bers of the family Graminae (Table 1). Larvae are
endophytophagous, burrowmg mto leaves and leaf
sheaths (Grigarick, 1959a; Deonier, 1971;
Manandhar and Grigarick, 1983). The larvae feed
on leaf mesophyll, and this feeding creates mines
between the epidermal layers ofthe leaf. Individual
larvae may mine more than one leaf or sheath.
Pupariation may occur within leaf mines or off of
p ants a toget er e.g., at t e ottom 0 Ice-covere

pools [Burghele, 1959a]). Often, development is
completed on more than one plant species (Deonier.
1971). In Japan, Kuwayama (1955) found that both
larval and puparial mines were present on mono-
cotyledonous plants, whereas only puparial mines
were found on dicotyledonous plants. Total devel
opmental time ranges from 13 d at 32-35 °C to 94 d
at 10 ·C (Grigarick, 1959a). Up to 11 generations
have been estimated to occur in a single year in
Cahforma (Gnganck, 1959a).

Adults have a varied diet. They feed on, among
other things, fungi, algae, diatoms, nectar, and leaf
epidermis (Beonier, 1971; 1972a). They also prey
and scavenge upon small insects such as small flies
(mcludmg other Hydrellia), Psihdae, early instar
Ephemeroptera and Odonata, Collembola, and
Braconidae (Grigarick, 1959a; Deonier, 1971).

Under optimal conditions, adults may be quite
long-lived. Grigarick (1959a) was able to maintain
adult males for up to 130 d and females up to 139 d.
He also found that adults mate as early as 3 d and
as late as '70 d after emergence. Females can OVI
posit as early as 5 d and as late as 93 dafter
emergence (Grigarick, 1959a). Eggs of H. griseoZa
are laid singly on the upper sUIfaces of leaves and
require high humidity (80-100%) for hatching
(Gngarlck, 1959a).

The overwintering habits of H griseola vary
geographically. H. gnseola overwinters prImarIly
as adults in California (Grigarick, 1959a) and as
adults in the Black Sea region of the former USSR
(Kas'yanov, 1967). In Hungary, only parthenogenic
females are known to overwinter (Szito, ]976) By
contrast, H. gnseola overwmters m puparIa m the
Maritime Province of the former USSR and in
northern temperate regions ofJapan (i.e., Hokkaido
district, Honshu) (Kuw tryama, 1956; Klimanova,
1971). In southern Japan (i.e., south Ibaraki Pre-
fecf.ure), all life stages can be found during the
winter months (Iwamoto, 1966)

Pest status

H. griseola is a pest of several crops, including
rice (Oiyza sativa L.), wheat (TI iticUTn aestivuTn
L.), barley (Hordeum vulgare L.), oats (Avena sativa
L.), timothy (Phleum pratense L.), and onions (AZ-
[!lim spp) (see Griganck, 1959a and references
therein). Larvae develop also on maize (Zea mays
L.) and wild rice (Zizania aquatiea L.) (Grigarick,
1959a; Schmidt, 1962), but economically signifi-
cant infestations of H. gl iseola have not been re-

'u ts results
from leaf- and stem-mining by the larvae. Their
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Table 1: Prineipal host plants of Hydrellia griseola larvae, based on host plant reeords in Grigariek (1969a) and Deanier (1971).

~ ~

Alismaspp. Calamagrostis sp. Polypogon sp.
~... 'c'

Sagittaria spp. Cynodonsp. Secale cereale L.

Lychnis sp. Digitaria sp. Triticum sativum L.
ettana nea~a Deauv. L.ea mays

Chenopodiaceae Eleusine sp. Zizania aquatica L.
T7. • ~ TT

-0' ~...
Compositae Jt'estuca pratens~s Huds. Hydrocharis morsus-ranae L.

Hoi i~ Qn ,." inrlo~l

Cruciferae Glyceria sp. Labiatae. . .
lVUoS~U'Hum 0 ,~unu,e n.. :SIJ· fJUff, ~Um U ureum

Cyperaceae Holcus lanatus L. Leguminosae
n. TT T ~ ..
Cyperus sp. Lagarussp. Lemnaceae
.Q,.;rn,,~ Qn T.n1;, m noro"o T T.om",., m;"n.. T

Graminae Muhlenbergia sp. Liliaceae
ro rons r zasa iva £um ce a orrum

Agrostis sp. Panicumsp. Polygonaceae

Anthoxanthum odoratum L. Phalaris arundinacea L. Scrophuiariaceae
A PJ.I. ,~ ,T TY

'r 'C C 'C

Avena sat~vaL. rnragmues sp. Typnaceae
Brachvnodium sn. PoaannuaL. P. nratensis L. P. Tvnha latifolia L.
Bromus sp. trivialis L.

lUndetermined author.

feeding rednces photosynthesis, and canses leaf
abSCIssion and sometimes seedlIng death
(Manandhar and Grigariek, 1983).

Early notoriety of H. griseola was due to its
economicsignificance in small gr ain Cr ups. Lilljebm g
(1861) first reported H. griseola as a pest of barley,
oats, and hmothy m Sweden Crop losses near 50%
have been attributed to H. griseola in barley, oats,
and wheat in Europe (Balachowsky and Mesnil,
1935).

During the 20th century, however, H. griseola
bas become increasingly recognized as a pest of
rice. The first reports of H. griseola attacking rice
came from Cahforma (de Ong, 1922). Later, Nepveu
and D'Aguillar (1951) reported H. griseola as a pest
of rice in France. Serious outbreaks ofH. griseola in
rice occurred in California in 1953 (Lange et ai.,
1953) and in Japan in 1956 (Kuwayama, 1956). The
1953 outbrea k in California resulted in a 111-211%
crop loss worth $16 million (US); an additional $1.2
million were spent on msecticides for control

{Jensen, 1954) The 1956infestationinJapancansed
a loss of 39,000 kI of rice over a 75,000-ha area
(Kuvmyama, 1956).

The economic significance of H. griseola varies
geographically depending on the crop. For instance,
H. griseola is a pest of rice throughout most of its
range In contrast, its pest statns on other crops IS
limited geographically to Europe and Asia, as the
literature is devoid of any reference to serious
infestations by IJ. gl iseola in North and South
America in crops other than rice. Grigarick (1959a)
did not find H griseola infesting wheat and barley
in California, but he was able to rear specimens
from these two cereals, as well as oats, under
laboratory conditions. Economically significant in
festations of onions by H. griseola are apparently
limited to European regions of the former USSR
(lsaev, 1931).

Much of t.he recent. literat.ure on H griseola is
related to its occurrence on rice. Since 1980, 30 of
the 38 reports about H. gnseola have dealt excIu-
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sively with its economic significance in lice, and
tWQ additiQnal repQrts addressed the pest status Qf
H. gnseola Qn rIce and at least Qne Qther crQp.
Moreover, the geographic range in 'Nhich H. gris€ola
is recognized as a pest Qf rice has been increasing.
Since 1980, seveIal regions have repOlted theiI
first aCCQunts Qf eCQnQmic lQSS in rice due tQ H.
griseoZa, including The Philippines (BarriQn and
Litsinger, 1981), the sQuthern TIS (Way et al ,
1983), IndIa (Chakravarthy, 1987), CQIQmbla (We
ber et al., 1988), and perhaps f~ustralia (Halfpapp,
1989; but see BQck, 1990).

H. gr iseola is likely to receive incr eased atten-
hQn as a pest, particularly in rice-grQwing regiQns
Qf the US, because Qf changes m management
practices. For instance, the practice of continuous,
deep-water culture fQr weed cQntrQl may becQme
mOle pIe valent in CalifOlnia rice production due to
1) increasing restrictiQns Qn herbicide use in rice
fields (Williams et aZ., 1990), and 2) the adQptiQn Qf
Qrganic (i e , non-chemical) management practices
by SQme rIce grQwers (Alherl et aZ., 1983; Hesler et
al., 199.3). Deep water culture causes the leaves of
rice plants t.Q lie prQstrate Qn the water surface,
favOIing increased incidence and severity of attack
by H. griseola (Lange et aZ., 1953). Maintenance Qf
a shallQw water depth (e.g., 'I-IOcm) durmgthe late
seedling and early tillering stages reduces the
pQtential fQr damage by H. griseola (Grigarick and
Washino, 1983, Way et al., 1983, see also Szilvassy
and PetrasQvits, 1960; SzitQ, 1985). HQwever, shal
IQW water levels can greatly increase the risk Qf
weed problems (Williams et al, 1990) Because
weeds are a serlOUS threat annually tQ rIce prQduc
tion in California (v;hereas outbreaks ofB. griseola
Qccur spQradically), grQwers are likely tQ cQntinue
the use of deep-water culture despite an increased
likelihQQd QfprQblems with H. griseola. New means
of managmg H grzseola that are compatible with
deep water culture are clearly needed.

Control

researchers have advocated the integration Qf cul-
tural, chemical, and biQIQgical cQntrQl methQds
(Buryi, 1980; Grigarick and Washin~, 1983; Weber
et al., 1988).

Serious infestations of H. griseola can often be
prevented by the attentiQn tQ variQus cultural fac-
tors, such as planting date, field location, and water
management (discussed abQve for rice) For in.

stance, a delay in planting date that minimi"es the
time in which YQung plants are expQsed "':;Q CQQl,
humId weather can slgmflCantly reduce th,~ extent
of damage caused by H. gris€ola (Herin'J, 1951;
Grigarick and WashinQ, 1983). In small grains,
economically damaging infestations of II. griseola
can alsQ be prevented by aVQiding planting"s in lQw,
damp areas near standingQr running water (Hering,
1951) In Japan, damage to rice can be limited by
aVOldmg synchrQny between the transpIantmg Qf
seedlings and the period ofoviposition by H. griseola
(Kuwuyama, 1955; KidQkorQ et aZ., 1982).

Insecticides can control infestations of H.
griseoZa These are usually targeted against the
adults and newly hatched larvae (e.g., Lange et aZ.,
1953; Kuvmyama, 1955; Grigarick, 1959a; Buryi,
1980), and applicatiQns, therefQre, require prQper
timing.

The develQpment QftQlerant Qr resistant variet
ies Qf Qats (Stavrakis, 1965), spring wheat (Zhu,
1981), and rice (Weber et aZ , 1988) hQlds promise
fQr hmltmg damage by H. gnseoZa. ReSIstance m
spring v;heat ',vas associated with dense fine hairs
Qn the basal parts Qf leaves, a thick waxy cuticle,
and leaf sheaths that were close to the stem (Zhu,
1981). Mechanisms Qf resistance in Qats and rice
were nQt speCIfIed.

Several kinds of natural enemies attack H.
griseola. Many species Qf HymenQptera are knQwn
to parasitize II. griseola, principally dming the
larval and pupal stages (fQr particular species, see
DeQnier, 1971; KamijQ, 1978; Halfpapp, 1989). In
rice, the percentage parasitism in the first genera-
hQn IS usually IQw, but can apprQach 80% m later
generations (Grigarick, 1959a; Buryi, 1980). A fun
gus, Stigmatomyces hydrelliae Thaxter (AsCQ'
mycetes. Laboulbeniales), also attacks H. gl iseola
larvae and adults (see RQssi and Cesari RQssi,
19'(9) WQlf spiders (Araneae' T.ycosidae) prey lIPQn
adult H. gris€ola in rice fields (Grigarick, 1959a).
MQre research is needed tQ effectively use parasites
and predators to prevent or control outbreaks of
this pest, especially in light Qf the envirQnmental
and agronomic constraints with chemical and cul-
tural methQds that are discussed abQve.

Bibliography
The fQllQwing bibliQgraphy cQntains 195 refer-

ences on H. griseola. Because of the worldwide
distributiQn Qf this pest, the bibliQgraphy cQllee-
tively contains works written in more than 10
languages References published in Chinese (C),
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HUllgaIiall (II), Japanese (J), Korean (K), or Rus
sian (R), and two in Italian (I), have been listed in
EnglIsh (actual language mdlcated by abbreviatIOn
in parBnthBses following reference) F French
Lower case abbreviations are used to indicate the
languages in 'tV hich summar ies (abstracts) are writ-
ten: a - Arabic, e - English, g - German, p -
Polish. Articles known to contain synonyms of H.
griseola are indicated by listing the name(s) in
brackets foIIowmg the reference.

Bibliographical entries were obtained from the
following bound abstract sources: Entomology Ab
stracts (1969, vol. 11 through 1991, vol. 12), Re-

Clencela lann ex- ;):En nes were
also obtained from computerized search systems
for Agricola (1970-1991), CAB Abstracts (1990
1991), Agris (1986-1988), and Zoological Record
(1978-1991). Additional references were derived
from citations in some of the reviewed articles.
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