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TaBLE 5. Results of RUMMAGE ANOVA testing occurrence of snails with environmental variables Depth (D),

Flow (F) and Slope (S). (N = 262).

Source df ss MS F Significance
D 3 31.70 10.58 4.32 0.006

F 1 24.52 24.52 10.02 0.002

S 2 0.72 0.36 0.15 0.563
DF o 8.80 4.49 1.80 0.169
DS 6 15.25 2.54 1.04 0.403
FS 2 8.62 4.31 1.76 0.175
Error 141 345.05 2.45

R® = 0.193

R>adjusted for df = 0.101
*dflost due to missing cell.

higher, coiled shell. The early literature (Pilsbry
1926, Woodbury 1929, Chamberlain and Jones
1929) states that the purpose of the limpetlike
shell and large foot is to allow the snail to live on
the vertical surfaces in the trickling water. How-
ever, most snails are not found in visibly moving
water and are not restricted to vertical surfaces.
Slope was not a significant factor (Table 5), and
snails are found on horizontal surfaces.

The hypothesis (Woodbury 1933) that the
large foot and reduced spire evolved from a more
typical physoid type snail as a result of high flows
or floods in the seep environment is probably
correct. We feel the selective value of attach-
ment during high flows is quite significant.
Seeps near the river are occasionally flooded
(Malanson 1978), and the ability to remain at-
tached during floods would be an advantage.
Based on the experiments, the higher, coiled
shell of a typical snail would have caused it to be
washed away even in a minor flood, whereas a
majority of the Zion Snails would have remained
attached to the seep. The adaptive value to the
Zion Snail of a large foot and limpetlike shell is,
in our opinion, to remain attached during peri-
ods of fast flows and flooding, allowing the snail
to remain in and exploit seep habitats.

SUMMARY

This research, along with past studies on the
Zion Snail, provides a basic understanding of its
general distribution and habitat use. Future
studies should be done to determine the distri-
bution further up the Narrows and in Orderville
Canyon; the role of temperature in controlling
reproduction, food habits, and mortality factors;
the role of drying seeps on distribution; and,
fiinally, the effect of floods on the Narrows and
Orderville Canyon populations. Some of these
proposed studies would necessitate collecting

adult snails and raising them in the laboratory,
but others could only be accomplished after
long-term field observations. Lastly, it must be
recognized that we know nothing of populations
in gardens high up on the canyon wall or if the
snail even exists in those gardens.

Although the snail is endemic to Zion National
Park, there are no large populations, but the
populations we studied contained sufficient
numbers for reproduction to take place. The
Zion Snail has probably never existed in large
numbers and, in comparison to other snails, it
may be considered rare.
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BLOCKAGE AND RECOVERY OF NITRIFICATION IN SOILS EXPOSED
TO ACETYLENE'

Steven J. Burns®® and Richard E. Terry?

ABSTRACT.—Acetylene gas is very useful in laboratory and in situ assay procedures for nitrogen fixation and
denitrification. There is concern, however, that measurements of denitrification may be underestimated because
nitrification, a major source of nitrate, is inhibited by C,H,. The objective of this study was to examine the effects of
C,H, partial pressure and length of exposure time on nitrification in soils. Acetylene partial pressures of 0.1, 1.0, and
10.0 kPa were found to effectively inhibit nitrification in soil samples incubated in the laboratory. Both the partial
pressure of C,H, and the length of exposure time were found to affect the recovery time of nitrification in soil samples.
Nitrification recovered within seven days in samples exposed to 0.1 and 1.0 kPa C,H, for only 24 hours. The recovery of
nitrification in samples exposed to 10.0 kPa C,H, for 24 hours or to 0.1 and 1.0 kPa C,H, for 216 hours was delayed for an

additional seven days, however.

Acetylene gas has been eflectively used in
laboratory and in situ techniques for the mea-
surement of both nitrogen fixation and deni-
trification. The use of acetylene (C,H,) is at-
tractive due to the low cost and high
sensitivity of the procedures. For N, fixation
studies, C,H, is used to saturate enzymes re-
sponsible for fixation; in the process, C,H, is
reduced to ethylene (C,H,). Ethylene can be
readily detected by gas chromatography and
N, fixation rates estimated (Hardy et al. 1968,
Bergerson 1980). Acetylene has an inhibitory
effect on the bacterial enzymes that reduce
N,O to N,; therefore, C,H, has been used in
denitrification studies (Balderson et al. 1976,
Yoshinari et al. 1977). In the presence of C,H,
partial pressures greater than 0.1 kPa, N,O is
the sole gaseous product of denitrification and
is detectable by gas chromatography.

Concerns have been expressed about the
use of C,H, in denitrification studies, because
C,H, has been found to be an effective nitrifi-
cation inhibitor at a partial pressure of 0.01
kPa (Walter et al. 1979, Berg et al. 1982). In
some situations denitrification measurements
may be affected by C,H,, because nitrifica-
tion, a major source of NO, , is inhibited. This
is not a problem with short-term laboratory
incubations or experiments that involve the
addition of nitrate to the soil, but it may be
inappropriate to use acetylene in experiments

where NH, " is used as the starting point in deni-
trification studies or in long-term experiments
where mineralization and subsequent nitrifica-
tion could be expected to produce significant
nitrate.

Researchers have studied nitrification in the
presence of C,H, partial pressures ranging from
1,000 to 0.01 Pa (Walter et al. 1979, Berg et al.
1982).- The minimum effective partial pressure
that inhibited nitrification was 10 Pa. However,
partial inhibition was found at 0.1 Pa (Berg et al.
1982). These researchers reported that the in-
hibitory effects of the low C,H, levels (1,000 to
10 Pa) ceased within 7 to 10 days of removal of
C.H,.

Acetylene partial pressures of 10 kPa are rou-
tinely used in nitrogen fixation studies (Hardy et
al. 1968, Bergerson 1980) and in laboratory deni-
trification studies (Yoshinari et al. 1977, Terry
and Tate 1980a, 1980b, Terry et al. 1981). Field
measurement of denitrification by the C,H, inhi-
bition technique involves introduction of C,H,
to the soil atmosphere through perforated tub-
ing or C,H, treated irrigation water (Ryden, I.,
Laboratory evaluation , 1979; Ryden, II., Devel-
opment and application, 1979, Rolston et al.
1982, Hallmark and Terry 1985). It is likely, with
these procedures, that C,H, partial pressures in
excess of 10 kPa will exist in portions of the soil
atmosphere that will maintain minimum effec-
tive levels of 0.1 kPa throughout the soil atmo-
sphere.

IThis publication is based on work supported in part by funds provided by the Bureau of Land Management.
“Department of Agronomy and Horticulture, Brigham Young University, Provo, Utah 84602
Present address: Department of Agronomy, University of Missouri, Columbia, Missouri 65201.
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April 1986 BURNS, TERRY: NITRIFICATION IN SOILS T
TaBLE 1. The properties of soils used in this investigation.
Soil series pH Sand Silt Clay Organic-C Total-N
gkg™’
Timpanogos 7.9 348 309 343 12.5 1.27
Woodrow 8.1 239 390 375 8.8 1.40

The effects of C,H, partial pressures greater
than 1 kPa on nitrification and the resumption
of nitrification following exposure have not
been studied. The objective of this research
was to determine the effects of various C,H,
partial pressures and length of C,H, exposure
time on nitrification in soils.

MATERIALS AND METHODS

Soils used in this investigation were Tim-
panogos clay loam (a fine, loamy, mixed mesic
Calcic Argixeroll) collected at the Brigham
Young University Agriculture Station near
Spanish Fork, Utah, and Woodrow clay loam
(a fine silty, mixed mesic Xeric Torrifluvent),
collected at Camp Floyd State Park, Fairfield,
Utah. The properties of the soils used in this
study are presented in Table 1. Air-dried soil
samples were analyzed for total N by the mi-
cro-Kjeldahl method of Bremner (1965) and
for organic C by the method of Allison (1965).
The soil pH was measured by glass electrode
on a 1:1 soil:water ratio.

Duplicate moist soil samples, the equiva-
lent of 10.0 g dry weight, were placed into 120
ml serum bottles and sealed with septum
stoppers. The samples were brought to ap-
proximately —0.333 MPa matric potential by
addition of 1.25 ml of a solution containing
3.96 g (NH,), SO, L"" to equal an application
rate of 100 mg N kg ' soil. The soils were
preincubated for 24 hours before treatment
with C,H,.

To compare the inhibitory effects of various
levels of C,H, with those of the commercial
nitrification inhibitor, nitrapyrin, soil samples
were continuously exposed to C,H, partial
pressures of 0.1, 1.0 or 10.0 kPa. Impurities
were removed from C,H, by passage of the gas
through concentrated H,SO, and water traps
(Hardy et al. 1968). Nitrapyrin was dissolved
in the ammonium solution and added to the
soil samples at the rate of 2 mg kg '. The
continuously exposed samples were unsealed,
aerated for 10 minutes once a week, then

reexposed to acetylene, thus eliminating anae-
robic conditions. Nitrapyrin samples were
also aerated for 10 minutes once a week.

To examine the effects of various partial
pressures of acetylene on nitrification and the
recovery of nitrification following exposure,
acetylene was added at rates 0of 0, 0.1, 1.0, and
10.0 kPa for a period of 24 hours and then
removed by flushing the incubation vessels
with air. The samples were then incubated at
21 C and continuously aerated with laboratory
air at 100% relative humidity using a manifold
delivery system and an aquarium air pump.
Thle air flow rate for each sample was 0.5 mL
Sfere
To determine the eflects of length of
acetylene exposure time on nitrification, soil
samples were exposed to 0.1, 1.0, or 10.0 kPa
C,H, for 24 or 216 hours. Following exposure,
acetylene was removed by flushing with air
and the samples were then continuously aer-
ated.

Sufficient samples were prepared to allow
for duplicate analyses at 0, 7, 14, 21, and 28
days. At the end of incubation inorganic N was
extracted from the samples with 50 mL of 2M
KCl and NH,", NO, , and NO;™ were deter-
mined by the steam distillation procedure of
Bremner and Keeney (1965).

RESULTS AND DISCUSSION

The effectiveness of C,H, and the commer-
cial nitrification inhibitor, nitrapyrin, on inhi-
bition of nitrification in Timpanogos clay loam
was tested. Nitrapyrin, and C,H, at partial
pressures ranging from 0.1 to 10.0 kPa, effec-
tively inhibited nitrification in this soil
throughout the 28-day incubation (Table 2).
The soil samples were preincubated for 1 day
to allow the (NH,),SO, or (NH,), SO, + ni-
trapyrin solutions to equilibrate with the soil
prior to C,H, addition and incubation. The
difference in the NH," —N levels between the
nitrapyrin and C,H, treatments at day 0 indi-
cated that approximately 20% of the added
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TaBLE 2. The effects of various acetylene partial pressures and nitrapyrin on nitrification in Timpanogos clay loam.

C,H, Form Days of incubation
Partial pressure # of N 0 f 14 21 28
kPa Inorganic N mg kg
0.1 NH," 79 79 82 83 81
NO,”+NO,”~ 60 62 60 61 60
1.0 NH," 50 81 83 84 84
NO,  +NO, 60 61 62 61 62
10.0 NH,” 80 80 51 84 87
NO, +NO,” 59 61 61 59 61
NITRAPYRIN NH,” 98 95 97 97 n.d.*
NO, +NO, 55 51 56 53 n.d.*

*n.d. = not determined
# Except Nitrapyrin

TaBLE 3. The effects of a 24-hour exposure to C,H, partial pressures ranging from 0 to 10 kPa on nitrification in

Timpanogos cl.

C,H, Form Days of incubation

Partial pressure of N 0 i 14 21 28

kPa Inorganic N mg kg '
0 NH," 52 0 0 0 0
NO; +NO, 83 140 147 148 150
0.1 NH, 78 0 0 0 0
NO; +NO,~ 61 146 146 =50 148
1.0 NH," 70 0 0 0 0
NO; +NO, 63 144 144 152 156
10.0 NH, 68 45 2 0 0
NO; +NO,~ 63 93 140 150 155

NH," —N was nitrified during preincubation.
The finding that C,H, partial pressures rang-
ing from 0.1 to 10.0 kPa inhibited nitrification
concurred with earlier work of Walter et al.
(1979) and Berg et al. (1982), who showed that
C,H, partial pressures of 1.0 and 0. 1 kPa effec-
tively inhibited nitrification in soils.

The effects of 24 hours of exposure to C,H,
partial pressures ranging from 0 to 10.0 kPa on
subsequent changesin NH,” —Nand (NO, +
NO, )—N concentrations in the Timpanogos

soil are shown in Table 3. The zero time of

incubation followed the 24-hour preincuba-
tion and the 24 hours of exposure of C,H,.
Nitrification continued in the control samples
(0 kPa) during the 24-hour period that the
remaining treatments were exposed to C,H,.
For this reason more (NO;” + NO, )—N had
accumulated in the control samples during
preincubation. During the first week if incu-
bation following removal of C,H,, nitrification
of added NH, —N was complete in all sam-
ples except those treated with 10.0 kPa. Nitri-
fication in the samples exposed to 10.0 kPa
C,H, for 24 hours was slowed for approxi-

mately two weeks due to the lingering effects of
acetylene exposure. There were no differences
in the NH,”"—N and (NO; +NO, )—N concen-
trations during incubation of the 0.1 and 1.0 kPa
treatments. During the first week following re-
moval of C,H, from the samples, the nitrification
rate in samples exposed to 0.1 and 1.0 kPa C,H,
was 12 mg N kg ' day ' compared to 4.3 mg N
ke 'day ' in those treated with 10 kPa.
Samples of the Woodrow clay loam were
incubated aerobically following a 24-hour ex-
posure to, and subsequent removal of, C,H,
partial pressures ranging from 0 to 10.0 kPa.
The effects of this brief exposure on subse-
quent changes in NH,"—N and (NO, +
NO, )—N concentrations are shown in Table
4. During the first week following C,H, re-
moval, the nitrification rates for 0, 0.1, 1.0,
and 10.0 kPa C,H, treatments were 5.2, 5.7,
2.1, and 3.6 mg N kg ' day ', respectively.
Accumulation of (NO; +NO, )—N in the
samples exposed to 1.0 and 10.0 kPa was
slower during the first week of incubation.
Nitrification proceeded in the Woodrow cl,
an unfertilized rangeland soil, at a slower pace
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TaBLE 4. The effects of a 24-hour exposure of C,H, partial pressures ranging from 0 to 10 kPa on nitrification in

Woodrow cl.

C,H, Form Days of incubation

Partial pressure of N 0 7 14 21 28

kPa Inorganic N mg kg !
0 NH," 79 31 0 0 0
NO, +NO, 19 56 105 106 114
0.1 NH," 87 54 5 0 0
NO; +NO,~ 12 52 98 104 111
1.0 NH,” 83 70 19 ' 0 0
NO,” +NO,” 12 27 52 101 111
10.0 NH," 83 62 18 2 0
NO; +NO, 13 38 83 93 110

TaBLE 5. The effects of C,H, partial pressure and length of exposure time on nitrification in Timpanogos cl.

C,H, Exposure Form Days of incubation

Partial pressure time of N 0 7 14 21 28
kPa Hours _ InorganicNmgkg™ 3

10 24 NH,’ 68 45 2 0 0

NO; +NO," 63 93 140 151 155

216 NH,* 81 48 1 0 0

NO; +NO,” 59 89 149 149 148

1.0 24 NH," 70 0 0 0 0

NOTENO T 63 144 145 153 156

216 NH,’ 81 47 1 0 0

NO, +NO,” 60 95 139 148 158

0.1 24 NH," 78 0 0 0 0

NO, +NO, 61 146 146 153 148

216 NH," 80 47 1 0 0

NO; +NO,- 61 94 148 152 158

than in the Timpanogos cl, a fertilized
cropped soil. The results reported above indi-
cate that brief exposure (24 hours) to C,H,
partial pressures ranging from 0.1 to 1.0 kPa
have little effect on nitrification in these soils.
Brief exposure of soil to 10.0 kPa C,H, slowed
subsequent nitrification for as long as two
weeks, however.

The effects of length of C,H, exposure time on
recovery of nitrification in Timpanogos ¢l are
shown in Table 5. Nitrification rates in soil sam-
ples treated with 10.0 kPa acetylene were equiv-
alent during the first week of incubation follow-
ing C,H, removal whether exposed to the gas for
24 or 216 hours. Nitrification was nearly com-
plete within one week in samples exposed to 0.1
or 1.0 kPa for only 24 hours. Nitrification rates in
samples exposed to 0.1 and 1.0 kPa C,H, for 216
hours were much slower, however. The effects
of lengthy exposure (216 hours) to C,H, partial
pressures of 0.1 and 1.0 kPa on subsequent nitri-
fication were similar to the effects of brief expo-
sure (24 hours) to 10.0 kPa.

Walter et al. (1979) reported that nitrifica-
tion rates in soil samples exposed to C,H,
partial pressures ranging from 0.1 to 1.0 kPa
for 24 hours returned to those of control sam-
ples after an 8 to 10 day lag period. Similar
results were reported by Berg et al. (1982),
who exposed soil samples to 0.01 kPa C,H, for
seven days. They reported that rates of nitrate
production were similar to the rates in control
samples seven days after C,H, removal.

The findings of this experiment indicate
that both the partial pressure of C,H, and the
length of exposure time affect the recovery
time of nitrification in soil samples. Exposure
of Woodrow ¢l to 0.1 and 1.0 kPa C,H, for 24
hours slowed nitrification for approximately
seven days. Exposure of Timpanogos cl to 0.1
and 1.0 kPa C,H, for 24 hours had little effect
on nitrification once the inhibitor was re-
moved. Exposure of this soil to 0.1 and 1.0 kPa
acetylene for 216 hours slowed nitrification for
approximately seven days, however. These
levels of C,H, exposure are commonly used in
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laboratory and in situ denitrification studies
(Yoshinari et al. 1977, Ryden, II., Develop-
ment and application, 1979; Rolson et al.
1982, Ryden and Dawson 1982). The recovery
of nitrification in Timpanogos soil exposed to
10.0 kPa C,H, was delayed for at least seven
days whether the samples were exposed to the
gas for 24 or 216 hours. Acetylene partial pres-
sures of 10.0 kPa have been used in denitrifi-
cation studies and in studies of concurrent
denitrification and nitrogen fixation (Terry
and Tate 1980a, 1980b, Yoshinari et al. 1977).

Problems with the use of C,H, in denitrifi-
cation studies would likely be encountered in
soils where the nitrate supply is limited by
nitrification. Ryden (1982) reported that deni-
trification was underestimated in soil samples
incubated in the laboratory in the presence of
C,H, for 168 hours. Nitrate became exhausted
in the samples during incubation. Problems
with nitrification inhibition in denitrification
studies may be avoided in laboratory studies
by adding supplemental nitrate and/or adopt-
ing short incubation periods (<24 hours)
(Terry and Tate, 1980b). In the design of field
studies on denitrification, it would be wise to
rotate study sites every 7 to 14 days to allow
nitrification to proceed in the soil. The use of
sites previously exposed to C,H, should be
avoided for 14 to 21 days because of the slow
recovery of nitrification following prolonged
exposure to C,H,.
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NEW THAGRIINE LEAFHOPPERS FROM THE ORIENTAL REGION, WITH A
KEY TO 30 SPECIES (HOMOPTERA: CICADELLIDAE: COELIDIINAE)

M. W. Nielson

ABSTRACT.—Five new species of Thagria from the Oriental region are described and illustrated. These include
melichari from Thailand, unidentata from Indonesia, marissae from southern China, bifida from Nepal, and insolentis
from an undetermined locality in the Oriental region. There are presently 166 species in this large and unique genus. A

key to males of 30 species is included.

The genus Thagria Melichar is the largest
group of coelidiine leathoppers. Although
they occur primarily in the Oriental region,
many species are found in the Australian re-
gion (not known in Australia proper) and sev-
eral are in the southern Palearctic region
(southern China, southern Korea, and south-
ern Japan). Prior to 1977 only 36 species were
known. Since then 125 species have been de-
scribed (Kwon and Lee 1979, Nielson 1977,
1980a, 1980b, 1980c¢, 1980d, 1982). The five
new species described herein bring the
present total to 166 species.

The genus is uniquely characterized by the
males possessing a distinctive and highly di-
verse ventral paraphysis on which a tubular
acadeagal shaft is attached basally to and
freely articulates dorsally with the paraphysis.
The many configurations of the ventral para-
physis in combination with highly modified
structures of the 10th segment and caudodor-
sal processes of the pygofer differentiate the
numerous species.

A key to males of 30 species including those
described in previous papers (except Kwon
and Lee 1979) after my 1977 revision and
those treated herein is presented. A regional
key for all known species will be presented
later.

Host plants and biology of species in the
group are very poorly known.

Key to Males of Thagria

1. Clypellus broad, swollen basally or nearly so,
basal width equal to or greater than basal
width of clypeus, lateral margins usually nar-
rowedmediallyimg: v s gl o e tn 2

"Monte L. Bean Life Science Museum, Brigham Young University, Provo, Utah 84602.

8(7).

9(8).
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Clypellus narrow, never swollen basally,
basal width narrower than basal width of
clypeus, lateral margins usually parallel,
sometimes expanded distally .. ........... 16

Ventral paraphysis curved ventrally at distal
1/2 to 1/3 in lateral view, apex decurved . . . .. 3

Ventral paraphysis not as above, in lateral
view straight orrecurved .......... ... . ... 5

Style with apex bifurcate or divided into 2
slender Familfi iiins 5o St A fomd i e 4

Style not as above (Fig. 16, Nielson 1980a) . .
........................ blockeri Nielson

Aedeagus long, extending beyond midlength
of ventral paraphysis; 10th segment process
with dentate process on middle of dorsal mar-
cin (B2 R S bifida, n. sp.

Aedeagus shorter, reaching to about mid-
length of ventral paraphysis; 10th segment
process with longer process on ventral margin
(Fig. 25, Nielson 1980b) . thailandensis Nielson

Ventral paraphysis symmetrical . .. ......... 6
Ventral paraphysis asymmetrical . ... ...... 10
Tenth segment with paired processes . .. .. .. 7

Tenth segment without paired processes
(Fig. 13, Nielson 1980b) .. .. ... ampla Nielson

Ventral paraphysis without basal paired pro-
cessesondorsal margin. . ......con i 8

Ventral paraphysis with basal paired pro-
cesses on dorsal margin (Fig, 22, Nielson
1980 st e e i R L serrastyla Nielson

Style very long, exceeding midlength of ven-
tral paraphysis; ventral paraphysis without
SpITEsiistal |y PR e e e 9

Style very short, not reaching midlength of
ventral paraphysis; ventral paraphysis with
lateral spines distally (Fig. 28, Nielson 1982)

barbata Nielson

Style attenuated distally (Fig. 2. Nielson
1982) fossiata Nielson
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10(5).

11(10).

12(11).

13(11).

14(10).

15(14).

16(2).

17(16).

18(17).

19(18).

20(17).

21(20).

GREAT BASIN NATURALIST

Style forked distally (Fig. 11, Nielson 1980c)
.......................... furculata Nielson

Ventral paraphysis with basal processes on
d onsallraroim R S 11
Ventral paraphysis without basal processes
but with medial or subapical processes on
dorsal AT e 14

Ventral paraphysis with paired basal pro-
CESSESrt ol St e ol el 12
Ventral paraphysis with single basal process. 13

Basal processes on paraphysis symmetrical

(EigsSlil 1N SUEDENESer 35 melichari, n. sp.
Basal processes on paraphysis asymmetrical
(Fig. 40, Nielson 1982) . .. .. hollowayi Nielson

Style broad throughout in dorsal view, with-
out dentate subapical processes (Fig. 39,
Nielson 1980b). ............ boulardi Nielson

Style narrowed at distal 1/4 in lateral view,
with dentate subapical process (Fig. 35, Niel-
sonil 98(h) e paraornata Nielson
Tenth segment and caudodorsal margin of
pvgofer with processes of equal length in lat-
eral view; ventral paraphysis with short lat-
eral process distad of middle. . ... ....... .. 15

Tenth segment and caudodorsal margin of
pygofer with processes of unequal length in
lateral view; ventral paraphysis with short
lateral process on middle (Fig. 4, Nielson
10T Dl e e i b s o undulata Nielson

Tenth segment processes very narrow and
sinuate, nearly needlelike at distal 2/3 in dor-
sal view (Fig. 8, Nielson 1980b) . capilla Nielson
Tenth segment processes broader and nearly
straight, not needlelike in dorsal view (Fig.

20, Nielson 1980a) . ...... paradigitata Nielson
Ventral paraphysis symmetrical . . ... ...... 1
Ventral paraphysis asymmetrical . ... ... ... 25
Ventral paraphysis keeled ventrally. . .. .. .. 18
Ventral paraphysis notas above . . ....... .. 20

Ventral paraphysis with subbasal ventral keel

Ventral paraphysis with subapical ventral
keel (Fig. 10, Nielson 1980d) . paraloae Nielson
Style very long, extending beyond apex of
ventral paraphysis (Fig. 22, Nielson 1980d)
........................ samuelsoni Nielson
Style very short, extending only to base of
ventral paraphysis (Fig. 3, Nielson 1980c)
ventrocarina Nielson

Ventral paraphysis with paired basal process
on dorsal margin
Ventral paraphysis not as above . . . ...... .. 22
Paired basal processes of paraphysis very
long, nearly reaching to apex of paraphysis
(Fig. 3, Nielson 1980d) . . . .. bilateralis Nielson
Paired basal processes of paraphysis shorter,
not reaching midlength of paraphysis (Figs.
G L e e insolentis, n. sp.

Vol. 46, No. 2

22(20). Caudoventral lobe of pygofer without spines

— Caudoventral lobe of pygofer with 2 short
spines apically (Fig. 7, Nielson 1982). . ... ..
bidentata Nielson

2). Ventral paraphysis without lateral processe

- Ventral paraphysis with lateral processes sub-
apically (Fig. 3, Nielson 1980a). . ..........
srilankensis Nielson

. Style with subapical bifurcation (Fig. 21,
Nielson' 1982 bifurcata Nielson

— Style without subapical bifurcation (Fig. 11,
Nielsoni1980a) i = s brincki Nielson

Style with distal half straight or nearly so ... 26

— Style with distal half hooked (Fig. 17, Nielson
LS 0d) e e D paraexilis Nielson

. Ventral paraphysis without ventral keel . ... 27

— Ventral paraphysis with ventral keel sub-
basally (Fig. 17, Nielson 1982) . ... ........
.......................... mutabilis Nielson

. Ventral paraphysis with 1-2 lateral processes
O11 OF NEAT APEXK i ial s e S S 28

— Ventral paraphysis without such processes. . 29

. Ventral paraphysis with a pair of unequal dis-
tal processes (Fig. 23) ........ marrisae, n. sp.

—- Ventral paraphysis with a single, large,
retrorse lateral process subapically (Fig. 35,
Nielson 1982) . v retrorsa Nielson

29(27). Caudoventral lobe of pygofer with a single

long spine (Fig. 26) ........ unidentata, n. sp.

- Caudoventral lobe of pygofer without such
spine (Fig. 13, Nielson 1980c¢)
kaloostiani Nielson

Thagria bifida, n. sp.

Figs. 1-6

LENGTH: Male 6.90 mm.

Moderate-sized, slender species. General
color black with tannish translucent costa,
face black.

Head small, subconical, much narrower
than pronotum; crown broad, width about
equal to width of eyes, produced beyond ante-
rior margin of eyes, elevated above level of
eyes, lateral margins convergent basally; eyes
moderately large, semiglobular; pronotum
with length about equal to length of crown;
scutellum large; forewings long and narrow,
venation typical of genus; clypeus long and
broad, lateral margins excised near middle;
clypellus short and broad, base broad and
swollen, lateral margins below converging to
truncate apex.
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