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INTHODUCTION

This paper comorises taxonomic, ecological, and
biological studies on the chiggers of the subgenus
Neotrombicula Hirst from the states of Utah, Wyoming,
Colorado, Nebraska, Kansas, Oklahoma, Missouri, and
arkansas. The taxonomic studies of larvae were bused
almost entirely on specimens in the University of Kansas
Snow Entomological lwuseum. In the descrigtions of rew
species, the description is based 6n the holotype with
differences occurring in the paratypes indicated in
parentheses. Under the heading, additional records,
is included information on previously published records
froﬁ the states concerned. All scutal mezsurements are
included in table 8. The terminology used in this paper
follows th:t proposed by aharton et al. (1951). The
ecolozical and biological studies were largely confined
to those species occurring in northeastern Kansas
(particularly Doug.:ss County), although host and habitat
datz are vrovided for ctler oreas,

The larval chiggers of the subgenus Neotrombicula

were taken only from birds and mammals although mary
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reptiles inave been examined from areas where Neotrombicula

is copmon. These hosts were obtained by shooting, in

the case of birds and larger mammals, and snap or live
trapping for smaller mammals. Fach specimen or specimens
of each species from each locality were assigned a field
number which correlates them with all recorded data.

The birds and mammals were placed according to field
number intc separate bags. In the laboratory the

bags were placed in the refrigerator and kept there at
approximately 40° F. from one to several'days. They
were then removed, usually examined to determine the
location of the chiggers, and warmed at room temperature
for one to two hours. Following this they were wasled
two or three times in a solution of synthetic detefgent
and water. The solution was then decanted, the residue
was examined under a dissecting microscope and the larval
chiggers were recovered and sorted. The animals were
always examined after washing to find and recover any
remaining chiggers, particularly in the ears. This
wasiing method is discussed in detail by Lipovsky (1951b).
However, some hosts, particularly those from the Rocky
lountain region, were superficially examined and the
chiggers were removed and preserved in the field.
Mammals which were live-trapped were placed in screen
cages over pans containing a synthetic detergent in
water, that caught fully engorged chiggers which dropped

from the host. after recording the numbers and kinds




recovered from each host, the chiggers were either
preserved in 75 to 85 percent ethyl alcohol or were
cultured.

The number of ezcli species of chiggers from each hosi
was determined e~ither immeaiately after removal from
the hosts or after preservation., when only a few
chiggers were recovered they were all mounted., However,

whenever larger numbers were recovered, the Neotrombicula

were separated from the other genera and subgenera by
characters seen wita the aid of a dissecting microscope

at 96 power. The color of the living Neotrombicula

was usually red (unengorged) to relatively bright orange

(engorged). Cne specimen of Trombicula whartoni, however,

was bright yallow. This character can not be usad with
preserved specimens as they lose their color. The

other characters visible with a dissecting microscope
include the relative size and body shape, the flagelliform
sensilla, the five scutal setse, the long nude setae

on leg IIl1, &nd the relstively longer and fewer body

setae (especially when compared to the Euschoaastia of

northeastern Kansas). The unumber of each species of

Ngotrombicul: was estimsated by mounting approximately 20

representatives,
The specimens examined in the University of Kansas
Snow Entcmological Nuseum {listed as KU, with the slide

number) were mounted in a aixture of polyvinyl alcohol
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and lacto-phenol (rV.-L¥) as reported by Lipovsky (1953b).

A phase contrast microscope was used for all
measurements and other detsiled microscopic work. The
illustrations were made with the aid of a camera lucida.
whenever possible, scutal measurements were made on

unengorged or slightly engorged specimens.
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Subgenus Neotrombicula Hirst

Neotrombicula Hirst, 1925, Nature, vol. 1llt, p. ¢09

The subgenus Neotrombicula includes all species of

Trombicula having the following larval characters:

more or less pentagonal scutum; leg III with one or more
mastitarsalae, tibia and telofemur IJI with long nude
(mastitibiala ana mastifemorala III) or long plumose
setue; a single feathered seta present on each coxa;
sternal setae arranged Z2-2; palpal claw with three
Frongs.

brennan «nd wharton (1950:156) separated Neotroubicula

into several groups based on the number and arrangement
of the long nude setae on leg l1II; these are the
Pauturnzlis™ group, the "microti" group, the "bisignata"
group, &2 the remaining ungrouped species. The

characteristics of these groups are given in table I.
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Table 1

Characteristics of the Groups of Neotrombicula

autumnalie ! bisignata |microti | ungrouped
group - group group - species
mestitarsala 1 3 2 2| 2| 3
111
mastltioialal
111 0] 1 i 11211
mastifemorsliat 2 :
III o c 1 Cl| o1

1 In the cases wherc there is no mastifemorals or
mastitibiala IXII present there are long plumose setae in
their places.

2 DBasal barbs are occasionzlly present on the

mastifemorala 1II of cal;forhica, goodpasteri, and richmondi.

Keys to the Neotrombicula of the United States 3

3 Species discussed in this paper are marked with

an asterisk %

{Modified from Brennan and Wharton, 195C)
Autumnalis Group

Only one sgpecies known in the United States.‘. : . autumnalis*



1.

2,

1.

be

Bisignata Group
Seta on pulpal femur.nude « « « « « « « « o eusignata

Seta on palpal femur branched or feathered . . . . . .2

Seta on palpal genu nude; first dorsal

posthumeral row usually with six (occasionally

seven) Se8taee « « « o o+ o o o o+ o o o o o Subsignata *
Seta on palpal genu branched; first posthumeral

row usually with eight (occasionally sever.)

Setae . [ ] [ ] ] . ] . ] . . [ ] . . . . . . [ ] biaignam

sicroti Group
Leg I with three genualae . . . . . . . . . dinehartae

Leg I with one or two genualae. . « « « o« « o« ¢ ¢ o o 2

Seta on palpal genu rude, on femur usually nude . . . 3
Seta on palpel geru <nd on femur branched or

feothered « « v @ ® % v & 5 ¢« ® & ® @ @G @ o @ O

Sensilla nude; seta on palpal femur nude or
branched. « ¢« . ¢ « ¢« « ¢« « o« « « o ¢ o » californica
Sensilla with at least minute barbs; seta

on palpal femur NUde.: + « « « o ¢ o.0 o o o o o o o L

Sensilla with minute basal barbs; first posthumeral
row with 10 to 14 setae; dorsal setae more than
LOs o o o ¢« o o o ¢ ¢« ¢ 4 4o 4 s o s o o o browni »

Sensilla with pronounced barbs along most of
its length; six tc nine (rarely ten or eleven)

setae in the first posthumeral row. « « « « « o« « « 5
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6.

7.

9.

10.

11.

10

Galeal setae nude, occasicnally one with a

single branch . « « « « ¢« ¢ ¢« &« ¢« « « « o harperi *

GCaleal seta with one to several branches. . microti #*

Galeal seta branched. « « ¢« o « o

Galeal seta NUA@: « « ¢ « « o o o o o o o o o o o « «10

Sensilla with several pronounced apical
branches8. « « ¢ o o o ¢ o o o s o o o o .« loomisi *
Sensilla nude or with barbs, never with only

pronounced apical branches. . « ¢« « « « ¢« ¢« « « « o 8

Scutum distinctly flattened posteriorly; sensilla
nude or with indistinct basal barbs . . . cavicola
Scutum usually rounded posteriorly; sensilla

with distinct barbs present « « « o« ¢ ¢« o ¢« ¢ « o« « 9

Sensilla with short barbs on basal half only;
ratio of posterolateral seta (FL) to
anterolateral seta (AL) of scutunm,
6o 8. ittt i et e e e e e e s o Jewsttd
Sensilla with pronounced barbs along most of

its length; ratio PL to AL~.9 e o o« o o o finleyi »

Leg I witnh one genuala. « - « « « ¢« ¢« « « o richmondi *

Leg 1 with two genualae . ¢« « ¢ ¢ ¢ ¢ o o o o ¢ & o o1l

Humeral setae total three or more . . . . . goodpasteri

[[umeral setae tot8l tWO . &« ¢« o ¢ o o o o

i it i et e G
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3.

be

Scutum witn few and scattered bunctae,

posterior margin angular; sensilla usually

with few minute basal barbs . . + . &

. whartoni *

Scutun with numerous and evenly distributed

punctae, posterior margin broadly rounded;

sensillc with pronounced barbs along most

Of its length L] [ L] L] L ] L ] L ] Ce L ] L4 L] [ ] . L ] liEVSk! i *

Ungrouped Species

Seta on palgal femur and on genu nude; leg I

with three genualae; two mastitibialae III

present . o« ¢ ¢ o+ ¢ o o o o o o o o o o o Sylvilagi ¥

Seta on palpal femur and on genu feathered;

leg I with one or two genualae; one

mastitibalae III present. ¢« « « o« o« &

Galeal seta branched; leg III with
mastifemorala « « o o« o o o o o s o
Galeal seta nude; leg III without

mastifemorala « « o o o o o o o o o

. yarians

Leg I with two genualae; lateral seta on palpal

t ibia nude ° L] L 4 L ] L] L] L 4 L 4 - L 4 L] L 4 L 4 L 4 L] L] wa ! nensis

Leg J with one genuala; lateral seta on

palpal tibia feathered . . . . . . &

Dorsal setal formula beginning L-L. . .
Dorsal setal formula beginning 2-6. . .

. farrelli

o« Carterae

-~




"Autumnalis’ Group

The "autumnalis™ group is here limited to those

species of Neotromoicula that have only a single long

nude seta fmastitarsala)on leg I1I. The only species
of this group known from North Amarica is 7. autumnalis,
which is here recorded from the Western Hemisphere for

the first time,

Trombicula (Neotrombicula) autumnalis (Shaw)

Acarus autumnalis Shaw, 1790, Nat. liisc., vol., 2,
Pe 42,

Trombjcula autumnalis, Kneissl, 19lo, Zool. Anz.,
vol. 46, p. 253; Richards, 1950, Parasitol., vol. 4O,
pp. 105-117, lectotype (zneotype], Birkshire, England,
Fair Mile, Warren Farm, Streatley, Oct. 2, 1946, British
Museum (Natural History).

Trombicula (Neotrombicula) autumnale, Hirst, 1925,
Nature, vol. 116, p. 609. |

Trombjcula (Neotrombicula) autumnalis, Hirst, 1626,
Ann. Appl. Biol. vol. 13, pp. 140-143; Wharton, 1952,
Mem, Ent. Soc. Wash., no. 4, pp. 50-58, (includes a
comp shensive synonymy).

Diagnosis.~- Based on the American specimens. &
member of the "autumnalis" group with the following larval

characters: palpal femur with feathered seta, genual and

e
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Bcology.- In Dundy County, Nebraska, R. B. Loomis
reports that the hosts were trapped along Rock Creek in
isolated wet meadows, which are fed by continuously
flowing springs. These meadows are situated- in or
ad jacent to a tall grass marshy habitat, in strong
contrast to the dispersed clumps of short grasses and yucca
on the very dry sandy soil surrounding the valley. A
few willows were situated near the meadows along the creek.

Moet of the specimens of T. autumnalis from hosts
collected in Dundy County, Nebraska, were found in the
ears., Only seven of the 68 specimens were partially
or fully engorged. The large number of unengorged and

slightly engorged autumnalis indicates that the collection

date, November 1, 1652, was early in the season ard
sirongly suggests that this is a fall and winter chigger
in this locality.

In Dolores County, Colorado, R. B. Finlqy reports
that the nest of the host Neotoma was situated among
rocks within open woods. The trees were primarily

aspen witn scattered western yellow pines (Pinus ponderosa).

The principle shrubbery within 100 feet of the nest

(the approximate range of Neotoma from the nest,

according to Finley) included scrub oak (Quercus
gambellii) choke cherry (Prunus virginianus), serviceberry
(Amelanchier sp.) and Calium sp. Approximately 100 feet
from the nest was a hollow characterized by a moist,

dark loam soil; irises were present in the hollow. The

whole area was moderately shaded.




ventral tibial seta branched, both dorsal and lateral
" tibial setae nude; three genualae I; six setae present
in eacn of first and second posthumeral rows,
Geographic range.- North America: southwestern
Colorado (Dolores County); southwestern Nebraska (Dundy
County); and southcentral Georgia (Lowndes County).
Europe (sec¢ #harton, 1952:56-57)
Seasvuinal occurrence.- North America:- Colorado,

Oct. 18; Nebraska, Nov. 1; Georyia, Dec. 11,

y
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Bisignata Group

This group is represented in North America by only
three species, of which only T. subsignata is known from

the states included in this paper.

Trombicula (Neotrombicula) subsignata Brennan and Wharton

Table 4

Trombicula (keotrombicula) subsignata Brennan and

Wharton, 1950, Amer. Midl. Nat., vol. 44, no. 1,

pp. 159-101, type: USKM no. 1837, Broome Co., N. Y.,
Microtus pennsylvanicus, auge. 10, 1947. VWharton, 1952,
Mem. Bnt. Soc. Wash., no. 4, p. 60. '

Djagnosis.- A member of the "bisignata" group with
the larvel characters as follows: palpal femoral seta
branched, genual and dorsal tibial setae nude; first
posthumeral row usually with six, occasionally with
seven setae.

Geopraphic range.~ This species is known from
liontana (Ravalli County) south to Colorado (Boulder
County); North Dakota (Morton County); Missouri (Taney
County); Fennsylvania (wWayne u«nd Warren counties) to
New York (éroome County).

Seasonal occurrence.- In thé Rocky Mountain Region
the earliest record of this speciles is June 12, (Ravalli
County, Montana, Brennan and Wnarton, 1950:101); the

latest record is August 15 (Boulder County, Colorado).




Microti Group

This is the largest proup of the subgenus, containing
fourteen species in North America. with the exception of
threa, species of this group have two humeral setae
and two genuzlae I. The three specivs are T, goodpasterd, .
which has more than two humeral setae, T. richmondi, with
a single genuala I, and T. dinehartae, which, according
to Brennan and #dharton (1950:179), has three genualae I,
Of the fourteen species, eight are known from the states

included in this p:aper.

Trombicula (Neotrombicula) microti Ewing

Table ol

Trombicula microti Ewing, 1928, Froc. Ent, Soc.

wash., vol. 30, no. 5, p. 8C, type; USNM no. G84, Lincoln
Co. Wyo., Gravel Creek, tributary of Pacific Creek,

Microtus richardsoni macropus, Aug. 13, 1927, coll,

O. J. bdurie; 1931, rroc. U. S. Nat, hius., vol. 80,

Art. 8, p. 9; 1937, rroc. Biol, Soc. wash., vol. 50,

p. 171, Radferd, 1942, Farasit,, vol. 34, p. 57.
Wharton, 1946, rroc. znt. Soc. Wash., vol. 48, p. 176,
Michener, 1946, Ann. Ent. Soc. Amer., vol. 39, p. 431,
Thor and Willmann, 1947, Das Tierreich, 1fg. 71b, p. 268,
Philip and Fuller, 1950, Farasit. vol. 40, p. 56,




Diggnosis.- A member of the "microti" group
with the larval chairacters as follows: seta on palpal
femur and on genu nude; both galeal setae with one or
more branches; first posthumeral row usually with six
(occasionally seven) setae, less than 40 dorsal body

setae; sensilla with pronounced barbs on the apical

two-thirds.

Geographic range.- This species is known from the
Pacific coastal states of Washington (King County)
south to California (Mono County); in the Rocky
Mountain region from Alberta (Edmonton), Canada south to
New Mexico (Catron County); in the east from Pennsylvania
(wayne and monroe counties) north through eastern
Canada to Labrador (Goose Bay).

Seasonal occurrence.- In the Rocky lountain region
this species has been taken as early as July 19, (san

Juan County, Colorado) and as late as October 25,

(Ravalli County, Montana, Brennan and Wharton, 1950:166).

o S Ay e St U Sy
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Trombicula (Neotrombicula) harperi Ewing
Table 4,

Trombicula narperi Ewing, 1628, rFroc. Ent. Soc.
wash., vol. 30, no. 5, p. 79, *ype: USNM no. 983,

Essex County, N. Y., Heart Lake, Napeozapus insipgnis.

Summer, 1926, coll. F. Harper; 1931, Proc. U. S. Nat.
Mus., vol. 80, art., &, p. 8. Frhilip and Fuller, 195C,
rarasit., vol. 40, p. 56.

Bubrombicula herperi Ewing, 1938, Jour. Wash. acad.
cci., vol. 28, p. 294. Radford, 1942, Farasit., vol. 34,
p. 67. Knight, 1951, Canad. Eat., vol. 83, no. 10,

PpP. 279-280.

Trombicula (ZSutrombiculs'® harperi, Thor and Willmann,

1947, Das Tierreich, 1fg. 71b, p. 285.

Trombicula (Neotrombicula) harperi, Brennan &nd

wharton, 1950, Amer, Midl. Nat., vol. 44, pp. 170-172,

wharton, 1952, Mem. Ent. Soc. Wash. no. 4, p. 58. .
Diggnosis.- A member of the "microti" group with the

larval characters as follows: seta on the palpal femur

and on genu nude; galeal setae nude (occasionally one

with a single branch); usually eight or nine setae in

the first posthumeral row, less than 4L dorsal body setae;

sensilla with pronounced barbs along most of its length,
Geographic range.- This species is known from British

Columbia, (Vancouver, Knight, 1951); the Rocky Mountain

region from Montana (¥issoula County) and Idaho (Lemhi

County) to wyoming (washakic County) and Colorado (La




Flata and Conejos counties); and in the east from
Pennsylvania (Beaver and hMonroe counties) to Maine
(Piscataquis County).

Seasonal occurrence.- In the Rocky Mountain region

this species has been taken as early s June 11 and as
late as August 2C (both records from Ravalli County,

Montana, Brennan and #ha=ton, 1950:171).




Trombicula (Neotrombicula) browni Brennan and Wharton

Trombicula (Neotrombicula) browni Brennan and

wharton, 1950, Amer. i4idl, Nat., vol. 44, no. 1, pp. 178-179,
type: USNM, no. 1840, #ashakie Co., Wyo., 9 mi. E, &4

mi. N Ten Sleep, at 7000 ft., Peromyscus maniculatus,

July 13, 1947. Wharton, 1952, Mem., Wash. Ent. Soc.
noe 4, pe 57.
Diagnosis.- A member of the "microti” group with
the larval characters as follows: seta on palpal femur
and on genu nude; galeal setae usually single branched;
first posthumeral row with ten to fourteen setae, more
than 40 dorsal body setae; sensilla with few minute barbs,
Geographic rangs.- «nown only from the type locality
in the Big Horn Mountains of northern wWyoming.

Seasonal occurrence.- The only collection of this

species was mnade in mid-July.
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Trombicula (Neotrombicula) loomisi new species

Diagnosis.--A member of the "microti"™ group
with the following larval characters: all setae
of the first four palpal segments feathered;
galeal seta branched; several pronounced apical
branches on the sansilla.

Geographic range.--This species is known from
the type locality, 1 mile east Laird, Yuma County,
in extreme eastern Colorado and from southwestern
Nebraska (Dundy County).

Seasonal occurrence.--The type series was

obtained from hosts trapped on November 1 and 2, 1952,

B .




Bcolosye.~ The specimen of T. loomisi from Dundy

County, Nebraska, was taken from a Peromyscus maniculatus,

at the base of a woodrat nest, in the same general area
as the hosts o1 T. autumnalis and T. whartoni. However,
loomisi was in a dry situation while the latter two were
found in a marshy habitat. The loomisi from Yuma County
Colorado, were taken from hosts trapped in a meadow at
the edge ol the iworth Fork of the Republican River which
had flowing water present despite the drouth throughout
the Great rlains at that time. The soil here was
predominsntly sandy with a good stand of grass.

| The larvae, all engorged or oaly slightly engorged,
were recovered by washing the mammals in water and
detergent. Preliminary examinations revealed only a
single unattached larva crawling on the outer hairs of
one gar. The rarity (only five larvae from 14 hosts
examined from tne Colorado locality) and the relatively
unengorged condition indicates that these larvae had
Just eppeared (November 1-2) and strongly suggests that

this is a late fall and winter chigger.



Trombicula (Neotrombicula) finleyi new species

Diagnosis.--A member of the "microti" group

with the following larval characters: palpal femur

and genu each with branched seta; galeal seta
branched; sensilla with pronounced barbs along
nost of its length; ratio of the tL tc the AL is
«9.

Geographic range.--This species 1is known only
from the type locality; 10 miles east, 15 miles
north of Dolores, Dolores County, Colorado.

Seasonal occurrence.--The only collection was

made on October 18, 1949.

Ecologz.--z. finlexi was collected from the

gsame individual host as T. autumnalis (see the

latter for an account of the habitat).

G W i




Trombicula (Neotromoicula) richmondi Brennan and wharton

Trombicula (Neotrowbicula) .sichmondi Brennan and
wharton, 1950, amer, midl. Nat., vol. 4L, no. 1, p. 183,

type: Somerset Co., Microtus pennsylvanicus, Oct. 16,

1947, Carnegie ifuseum of Pittsburgh. wharton, 1952,
Mem. Ent. 3oc. Wash., no. 4, p. 59.

Diagnosis.- A member of the "microti" group with
the larvel characters as follows: first four p#lpal
segments with all setae feathered; leg I with a single
genuala.

Geographic range.- This species is known from
arkansas (tolk County) and western lenansylvanis (Brennan
and wharton, 1950:183).

Seasonal occurrence.- In Fennsylvania this species

has been teken as early as September 27, and as late as
April 8 according to Brennan and #harton (1950:183): in
Arkansas the only record was March 29,

Remarks.- The specimen examined from Arkansas has
approximately oU dorsal and 52 ventral setae while one
examined from Fennsylvania has approximately 28 dorsal
and 4O ventral setae, There were no other significant

differences between the two specimens examined.

£ Y i o
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Trombicula (Neotrombicula) lipovskyi Brennan and Wharton

Figure 1, ) Table 5,

Trombicula (Neotrombicula) lipovskyi Brennan and

w#harton, 1950, amer. Midl. Nat., vol., 44, no. 1, p. 177,
type: USNM no. 1838, Norton Co., Kans., 4 mi. W, 1 mi,

S Logan, feromyscus maniculatus, Oct. 25, 1646, VMharton,
1952, kMem. Ent. Soc. Wash., no. &4, p. 5G.

Diagnosis.- A member of the "microti" group with
the larval characters as follows: all setae on first
four palpal segments branched or feathered; galeal
seta nude; sensilla with pronounced barbs; scutum
broadly rounded posteriorly and with numerous minute
punctae.,

Geographic range.- This species is known from
Kansas (Norton County) and southeast Nebrasks (Richardson
County) east to Missouri (Pike and Stoddard counties),
southward to Arkansas (Folk County) and Oklahoma (McClain
County).

Seasonal occurrence.- This species has been taken

as early ss October 7 (Leavenworth County, Kansas),
and as late as April 27 (Douglas and Russell counties,

Kansas.




Habitat.- T. lipovskyil is the most abundant Neotrombicula

throughout Kansas. In northeastern Kansas, particularly
Douglas County, where intensive studies have been
conducted, this species is known to occur in
grassland as well as wocdland habitats; as shown by the
host dat: and by chigger sampling., The six individuals
collected on chigger samplers were from the wooded
sylvilagi area near the quarry, at the University of
Kansas Natural History Reservation (see discussion
under T. sylvilagi). In other parts of Kansas where
collections have been made, the areas were essentiully
grassland with few or no trees present,

In Arkansas (washington and Folk counties) T.

lipovskyi was found on Sylvilugus floridanus taken in

forest habitats,
Hosts.- In northeastern Kansas, the most important

host of T. lipovskyi seems to be Sylvilagus floridanus

while other important hosts include Neotoma floridana,

Sigmodon his, idus, Microtus ochrogaster, and Scinurus

niger in the order of probable importance as hosts,
Birds are only minor hosts for this chigger.

The wain focus of attachment of lipovskyl on most
of the host species examined appears to be within the
ears; however considerable numbers may be found on other
perts of the body.

One Sciurus niger collected in Douglas County,
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Kansas had 30 of 50 lipovskyi attached just below the ears
while none were found within the ears; the other 20
chiggers were from other parts of the body.

Several Sylviluagus floridanus collected in Douglas

County, Kansas were orought into the laboratory, skinned
and divided up into the following divisions: ears,

head, feet, the anal and tail region, and the remaining
parts of ths bvody. These five portions were washed
separately. Two rabbits collected in late November
yielded the following combined total of lipovskyi:

ears, 129; head, 55; feet, 110; a&nal and tail region,

31; and body, 4l. A single rabbit collected in March
gave the following results: ears, l; head, 1; feet, 3;
anal and tail region, 1 larva; with nothing on the body.
The examination of rabbits during November revealed small
pockets of chiggers attached between the toes. From

the above information it can Le stated that on Sylvilagus,
the major concentrations of lipovskyi are within the

ears and on the feet.

Several Neotoma floridana nests as well as one

unidentified rodent nest (probably Feromyscus) were
collacted in Douglas County, Kansas, in November and

- December during the height of the T. lipovskyi season,
They were placed irndividually into modified Berlese
funnels and the residue from the Neotoma nests yielded

three unengorged and four fully engorged lipovskyi




larvae, while the unidentified rodent nest yielded
one unengorged and three fully engorged lipovskyi larvas.

Material obtained In the same way from a Neotoma floridana

nest taken in iicClain County, Oklahoma during January,
1952, yielded two fully engorged larvae, This indicates
that at least some of the fully engorged lipovskyi larvae
off the hosts in the nests and that unengorged larvae

are also present in the nests.,

Seasonal abundaance.- Northeastern Kansas and central

Oklahoma: In northeastern Kansas the earliest larval

record of T. lipovskyi is from Sylvilagus floridanus

taken on Oct. 7, 1946, according to Brennan and Wharton,
(195C:177). The earliest record during the period studied,
from 1947 to 1952, is October 15, 1948, from Sigmodon
hispidus. The number of larvae upon the hosts during
this period (fig. 1) increased rapidly from the few in
Octcber to a peak lasting from the second week in November
to :id-December, followed by a sharp decline late in
December, lasting through Januzry and February, probably
due to the cold weather. In late February and early
March, there seems to have been a second, but much smaller
increase in larval occurrence on hosts, probably due to
the warmer weather. Following this was the decline and
disappearance of all larvae by the last of April (last
record, April 27, 1952, from Sylvilagus floridanus).

The seasonal abundance of T. lipovskyi on hosts
from McClain and Cleveland counties, Oklahoma (Fall, 1951




to Spring, 1952), appeared similar to that found in
northeastern Kansas,

Figure 1 presents a summary of the seasonal abundance,
from 1647 to 1952, of T. lipovskyi in northeastern
Kansas from the four wmost important hosts, Sylvilagus

floridanus, Neotoma floridana, Sigmodon hispidus, and

Microtus ochrogaster, based on one-half month periods,




Post~larval devslopment.- The required period for

the development of T. lipovskyi in culture tubes from

the engorged larva to the adult was approxirately 75

days under laborztory cohditions and approximately 300
days outdoors (which included over wintering) as shown in
table 5. The culture tubes were 5 dram plastic-stoppered
opiiclear vials lined with a mixture of hardened plsaster =
of-raris and charcoal as descrioed by Lipovsky, (1953),
which were kept at the proper humidity by adding water.
The nymphs were fed the eggs of Sinella curviseta Brook
(Entomobryidue, Collembola) as recommended by Lipovsky,
(1951a). Seversl of these culture tubes containing
approximately 4O fully engorged larvae were kept at room
temperature (759 - 85° F.) in the laboratory; one

culture tube was plzced in the refrigerator (39° - 42° F.);
ana one tube was placed outdoors in the soil (Novecwber

27, 1951 to July 29, 1952). -

The culture tubes in the laborutory were exacined
every two or three days, with less frequent examinations
of the outdoor and refrigerator tubes.,

The outdoor culture tube was placed in a vertical
position, two to three inches below the soil surface,
which was devoid of vegetation, adjacent to the
southwest corner of a building. The soil temperature
was recorded as low as 28° F. in December and as high as
92° F, in July.

The duration of the larval stage indicated in




table 6 includes the period from the placement of the
engorged larvae in the culture tube until they ceased
to move their legs. The prenymphal stage (nymphochrysalis
or protonymph of some authors), which follows the larval
stage, is here divided into two parts: the first being
the part of the prenymphal stage which lasts from the
time the larval cuiggers cease to move until the cuticle
starts to split; and secondly, the rest of the prenymphal
stage. In order to det:naine when the larvae have
ceased to move and have passed into the first part of
the prenymphal stage (not merely inactivity because of
the colder temperatures), the outdoor and refrigerator
culture tubes were placed in the warm laboratory
(temperature 70° - 85°F.) for approximately 15 minutes.
when first removed from the colder temperatures, usually
all of the chiggers‘were inactive; however, upon warming
at the laboratory temperatures, those still in the larval
stage became active. when removed from the refrigerator,
the larvae were always inactive,

Individuals of T. lipovskyil remained as larvae for
a considerably longer period at the colder temperatures
(62 days outdoors, 72 days in refrigersator) than in the
laboratory (& days).

Those chiggers kept in the refrigerator did not
enter the second part of the prenymphal stage until
they were removed from the cold temperature (approximately

eight to nine months after they entered the first part




of the prenymphal stage). However, once transferred
to the warmer laboratory, it took only six days for
the majority of these chiggers to begin the second part
of tne prenymphal development; this compares to 19.
days for those kept constantly in the laboratory; the
difference suggests that some development occurred
during the eight to nine months period at 39° - 42° F,
The second part of the prenymphal stage did not appear
in the outdoor culture tube until the relatively warmer
month of March (following the colder months of January
and February). The adult stages first appeared during
the last half c¢f June, eight months after the engorged
larvae were placed in the culture tube, It appears,
therefore, that the larval and the first part of the
prenymphal stages overwinter, Furthermore, there seems

to be only a single generation of lipovskyi per year.




Table 5

Post-larval Development of T. lipovskyi

Cultures Lab, Refrigerator Culture tube in
soil (outdoors)
(Nov. 27 to July
70-850F 29, 1952)
0-5 e
39-42°F,. | Lab. Yo. Days Wonths
Larva r'angg5 2-92 28-81 10-82 Nov,.27 to
mode 6 7 6 62 last half
number! (23) (8) (20) of Peb,
(overwinter)
Pre- range 11-21 230-283 6-8 129-165 Mov. 29 to
nymph | mode 19 6 132 first half
first | number (21) (7) (19) of April
part (overwinter)
Pre- range 10-22 10 32-40 Last half
nymph | mode 13 36 of March to
second | number (20) (5) (14) last half
part of April
Nymph | range 15-30 A4 49-81 Last half
mode 51 of April
number (9) (1) (3) to first
half of July
Pre- rance 15-18 17 12-18 Last half
adult mode 13 of June to
number (4) (1) (3) last half
of July
Adult | number (4) (1) (3) Appeared
pres. the last halft
of June until
last of July

5 The range in days that individuals remain in each stage.

6 The number of days before 51% of the individuals transform
to the next stage.

7 The number of individuals surviving each stage and passing
into the next stage.
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Trombicula (Neotrombicula) whartoni Ewing

Diagnosis.- A member of the "microti" group with -
the larval characters as follows: all setce on first
four palpal segments branched or feathered; galeal seta
nude; sensilla with minute to pronounced basal harbs,
rarely nude; scutum angular posterior and with few large
punctae (Arkansas specimens with the pugctae somewhat
smaller and more numerous).,

Geographic range.- This specieé is known from
western Nebraska (Dunay Co.), Kansas (Nemaha to Miami
cos.), Illinois (Champaign Co.), and Fennsylvania (Dauphin
Co.), south to Florida (Orange Co.), Mississippi (Harrison
to Franklin cos.), and northeastward to Arkansas (Miller
to Polk cos.).

Seasonal occurrence.- In Kansas, Nebraska, and

Missouri, this species has been taken as early as
October 12 (Miami County, Kansas) and as late as
January 28 (Pemiscot County, Missouri). In Arkansas
(Polk County), this species has been collected
March 3 to 29,




Habitat.- In northeastern Kansas, particularly
Douglas County, where intensive collecting has been
conducted, this species has been found on hosts in
deciduous oak-hickory woodland and woodland edge habitats.

The specimens from Polk and Miller counties,
Arkansas were tuken from hosts in meadow habitats in
oak~-pine forest areas according to the collectors,
Richard B. lLoomis and Leonard M. Koger.

The whartoni from the Dundy County, Nebraska were
taken with autumnalis (see habitat notes under the
latter). while few trees (small willows), were present,
the meadow hebitat was marshy.

The specimens from Orange County, North Carolina
were taken from Duke Forest,

It appears that adeguate and relatively consistent
soil moisture as well as warm climate conditions are
vital factors for the presence of whartoni. This
species probably cannot withstand the generally drier
and colder conditions of the grasslands of the Great
'Flains and is, therefore, limited to the relatively moist
woodlands to the east and when present in the Great
Prlains it is restricted to woodlands and marshy
habitats.

Hosts.- The most important hosts of T. whartoni
in northeastern Kansas apparently are Sciurus niger
and Sylvilagus floridanus (see table 7). Birds are also

of some importance as hosts in this area.
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Table 6

Trombicula (Neotrombicula) whartoni

collected in northeastern Kansas

Host No.

examined8 whartoni

Sciurus niger 12
Sciurus caro}}qensis 1
Sylvilagpus floridanus 56
Parus bicolor 2
Richmondena cardinalis 9
Junco hyemalis 12
Zonotrichia guerula 6
Mus musculus 30

No. with Total no.
whartoni
6 or 7 42
1 6
3 69
2 5
Jor 4 5
3 4
1 1
2 8

8 .~ Includes only those hosts examined during the

known whartoni season. (mid-October to mid-December)

in this area.




Ungrouped Species

Fi?e species with various combinations of the
long whip-like setae on the segment of leg III have
not been placed into any named groups. Only one of theao;
T. sylvilagi, has been collected fiom the states included
in this paper.

Trombjcula (Neotrombicula) sylvilagi Brennan and Wharton
Figure 2,

Trombicula (Neotrombicula) sylvilagi Brennan and

Wharton, 1950, Amer. Midl. Nat., vol. 44, 1950, no. 1,
pp. 186-187, type: Rocky Mountain Laboratory no. 23242,
Leavenworth Co., Kans., Sylvilagus floridanus, Oct. 7,
1946, wharton, 1952, Mem. Ent. Soc. Wash., no. &4, p. 60,
Diagnosis.- An ungrouped species with the larval
characters as follows: two mastitibialae III and two
mastitarsalae III; three genualae I; palpal femur and
genu each with one nude seta; galeal seta nude.
Geographic range.- This species is known from
northeastern Kansas (Jefferson, Leavenworth, Douglas,
and Miami counties) and central Illinois (Piatt County).
Seasonal occurrence.- Larvae have been taken on
chigger samplers as early as August 16 and as late as
December 11 in Douglas County, Kansas. The earliest
host record is October 5 (Douglas County, Kansas), while

the latest is November 21 (Jefferson County, Kansas).




Habitat.- Jeveral plots on the University of Kansas
Natural History Reservation have been sampled for active
unengorged chigger larvae. Two of these plots, one
adjacent to the quarry, called, the sylvilagi and big
elm stations, and another in Skink Woods, along Upper
Skink Ledge, call rat log area, were found to have
Neotrombicula. A description of the Natural History Reser- i
vation with a map indicating the location of Skink Woods !
and the Quarry is given by Fitch (1952).

The gylvilagi and big elm stations, comprising a
total area of approximately 5C square feet, are situated
on a southeast facing slope., Directly adjacent to the
west of this area is the open Quarry, which becomes hot,
tending, therefore, to raise the temperatures of these
stations. The principal trees in the vicinity are elms,
dogwood, and hickory.

The rat log area, approximately 30 square feet in
size, is situated on a west facing slope and tends to
be cooler and more humid than the Quarry area. Extending
over the southern part is an overhanging log (rat log)
with grass and debris present beneath it. Above the
ledge are gooseberry shrubs, walnut, and beckberry
trees; below and along the ledge are American elms and
Rhus aromatica.

Botn of these areas are situated on the partially
shaded forest floor just below limestone ledges. The

well-drained soil of the forest floor covers a limestone




derived substrate., The ground cover includes forest
litter with a leaf cover present during the fall and
winter. The ground in both areas inclines downward
from the ledge into the woods, Above the ledge the
terrain is level and the trees, which extend but a short
distance, are replaced by open grassland, Situated in
crevices of the limestone ledges above each of the two

areas where Neotrombicula were found were Neotoma nests.

During the periods of the greatest abundance of T.
sylvilagi, collections were made in additional areas,
These included such habitats as deep within a large
cavity at the base of a chestnut-oak tree, on and around
a decomposing log deep in the woods, and in grass covered
areas adjacent to the woods.,

Seasona] abundance.- The number of active larval

chiggers present was determined By placing several black,
rectangular "Plexigluss" chigger samplers (5% x 23 x &

inches) % on the areas to be sampled, They were placed

9 This procedure was initiated in 1949 by R. B.
Loomis and subsequently followed by him as well as the
suthor (1951 and 1952).

firmly on the ground for one or two minutes at the warmer
temperatures and five or more minutes in the colder
weather., Some samplers were placed on the leaf litter
during the height of the larval season for comparison
with only a slight difference noted in the abundance of

active chiggers, Samples were taken throughout the year;




from late spring through fall samples were usually made
every one or two weeks, less frequently the rest of the
year. The results of the sampling of T. sylvilage are
summarized in figure 2. During 1952, both the
sylvilagi-big elm stations and the rat log area were
sampled, while in 1951 only the former was sampled.

The earliest record of a larval T, sylvilagi taken from
the soil surface is Aug. 1lt, 1951. The larval population
reached the greatest abundance from early Septembder to
mid-October, and rapidly declined until it apparently
disappeared by mid-December (latest, December 11, 1952).

The year 1951 was the wettest year recorded in
eastern Kansas since 1887, the rainfall being 15 inches
above the normal in Lawrence, and the mammal population
during the summer and fall was high. Contrary to 1951;
the same period (summer and fall) of 1952 was one of the
driest on record, with the mammal pcpulation dropping
extreamely low.

During the wet year of 1951, the larval sylvilagi
were abundant. The few samples made in the sylvilagi
station during the months of September and October in
1949 and 195C indicate that this species was also
abundant then, however the larvae apparently decreased

in number more rapidly in these two years than in 1951,

The 1952 sylvilagi population was considerably below that -

of 194% to 1951, probably due to the extremely dry summer

ana fall,
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A single emaciated sylvilagi (KU 4794) which was
collected on December 11, 1952 (see fig, 2) on &
sampler placed in a dead grass (Bromus.japonicus) habitat
located immediately above the quarry and adjacent to
woodland. This individual appears to have been a
straggler and in the larval stage for some time,

The number of chiggers per square foot indicated
in figure 2 was obtained as follows: the number of
chiggers taken from an area each week was divided by
the number of samplers placed on the ground in that area
and multiplied by ten (ten chigger samplers cover
approximately one square foot). This is not to imply
that the entire area has this population, but only the
fawrable habitats for sylvilagi.

Post-larval development.- Twenty-two unengorged
I. sylvilagi (field no. RL 521008-10, collected in the
field on chigger samplers) were placed on a juvinile
Mus musculus which was then placed over water contzining
a synthetic detergent, At the end of three days ten
engorged chiggers had been recovered from the water,
These ten chiggers were placed together in a Syracuse
watch glass with water and detergent and kept in the
refrigerator for approximately 2 days; following this
they were plaﬁed in a culture tube at room temperature,
In approximately eleven days (range seven to thirteen)
the six surviving larvae entered the prenymphal stage

which was completed in approximately 15 days (range li4
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tc 17 days) by four individuals. Three of the nymphs were

S

preserved while the fourth remained active for 1& days
before becoming inactive and apparently entering the
preadult stage. This last individual was preserved

after three days of inactivity.,
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Clascified l1ist of hosts of Neotrombiculas

from the Centr=1 United Statesl3 14

13 1Includees the following states: Jtah, ‘yoming, Colorado,
Nebraske, Kancas, Oklahcms, Wissouri, and Arkanseas.

14 Items marked@ by en asterisk (*) are from Brennan and

Pharton (1950).

Aves
Galliformer
Colinus wireinisnuge « « = = = « - - - ~ = - =T, eylvilapd
(bob-white quail)
Cheradriiformes
Capella rallinago delicatg- « - - - = wle e T. subsiznata
(Wileon's enipe)
Stripgiformes
Asio otus- - « = - - - c - - e e s s .- T. lipovskyi
(long-eared owl)
Piciformes
Centurus carolinuge « « = = = = = « =« =« = - = T. lipovskyi
(red-bellied woodpecker)
Pasgeriformes
Cyanocitta cristatae = = = = = « = = = « « = = T. whartoni®*
{(blue jey)
Parus stricapilluse = =« = = ¢ =« - = = = = - = T. lipovskyl

(black-cnpped chickadee)
Perus bicolor- = = =« = = = = = = - - - - - -~ T,

(tufted titmouse)

Turdus mizratoriuse = « = = =« = = = = = = =« = T,

———atmy —

{(robin)

whartoni

sylvilagi
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Aves (Continued)

Passeriformes (continued)

(weetern meadowlark)

Richmoﬁdegg cardinglis- = = = = = = = = - - - T.
(cardinal) . Ts

T.

Junco hyemglige = = = = = = = = = = = = =« « - s
(#1ate~colored junco) T,

T.

Zonotrichia albicolllis- = = = = = = = - - = < T.

(white-throated sparrow)

(Harris' eparrow)
Melosplza melodig- = = = = = = = = - = = = < - T.

{song sparrow)

Mammaliae
Maresupislisa
Didelphis marsupiaslis virainiange - - - - - - T.
(Virginia oporeum)
Ingectivora
Blaring brevicaudse = = = = = = = = =~ = - - - Ty
(shorttail shrew)
Cryptotis parvae = = = = = = = = = = = = = - - T.

(1eart shrew)

1ipovskyi

lipovsekyl
sylvilagi

whartoni

harperi

csylvilagl
whertonli

whartoni *

whartoni

lipovskyi

lipovekyi

1igovskxi

9zlvilagi

= -
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Mammalia (vontinued)

Lagomorpha
Ochotopa princeps= = = = = = = = = = = = = = T.
(pika) T.
Lepus californicug- = « = = = = = = = - - o T.

(blacktail jackrabbit)

oylvilagus floridanug = = = = = = = = = = = T.
(eastern cottontail) T.
T.
Rodentia

Citellus lateralis - - = = = = = - - = - - - To

(golden-mantled squirrel)
Tamiasciurus hudsonicuse = = = = = = = = - - T.
(red squirrel) T.
Sciurus carolinensig = = = = = = = = - - - - T.
(eastern grey squirrel) T
gciurus niger « « = = « = ¢ - = = - - - - - Tie
(eastern fox squirrel) T.
Sciurus carolinensis and s. niger 15 I.

lirovskyi

whartoni

sylvilagte

browni

harperi
lipovskyi
whartoni
whartoni
lipovskyi
sylvilagi

15 Skins of both species from which this chigger was

taken were mixed.

Hgithrodontomys fulvescensg- = = = = = = = - - I.
(fulvous harvest mouse)

Rejthrodontomys megalotus = = « = = = = = = -T.

(western harvest mouse) I.

T.

whartoni

auturnalis

lipovakyi
loomisi
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Msmmalia (continued)

Rodentia (continued)

Peromyscus leucopusSe = = = = = = = = = = =« - = T. lipovekyi
(white-footed mouce) T. sylvils-i

T. whartoni

I. richmondi

Peromyscus msniculatuse = = = = = = = = = - - T. browni
(deer mouse) T. harperi

T. lipovskyi
T. loomiei
T. sylvilasl
T. whartoni

Cipgmogon hispiduS= = = = = = = = = = = = = - - T. liposkyil
(hiepid cotton rat)

Neotoma cinereg=- = = = = = = = = =« = o = = - - T. sutumnalis
(bushytail woodret) T. finleyi
T. harperi
T. microti.
Meotoms floridang=- = = = = = = = = = = = = =« - T. lipovskyi
(eastern woodrat) T. cylvilagi
Feotoma mexlceng- = = = = = = = = - - e - -« T, harperd
(Mexican woodrat)
Neotoma micropug= = = = = = = = = =« = = = = - T, lipovskyi
(routhern plains woodrat)
Phenascomys intermediug- - - - - - ===~ T. hsarperi
(mountain phenscomys) T. microti

e —




Mammalia (continued)
Rodentia (continued)

Clethrionomys geoperi- = = = = = = = = = = = = i

(boreal redback vole)

Microtus lonsicAuduS= = = = = = = = = = = = = T.
(longtail vole) T.
T.
Microtus montanus= = = = = = = = = = = = = = = T,
(mountain vole) . T.
Microtua ochrognaster- = = = = = = = = = = = = B
(prairie vole) T.
T.
T.
Microtus penncvlvenicug- = = = = = = = = = = -T.
(meadow vole) I
T.
Microtus richardeonle = = = = = = = =« = = = = T
(Richardson' vole)
Ycrotus (Pitvmvs) pinetorume = = = = = = = = T.
(pine vole)
Rottus norvericuse = = = = = = = = = = = = = = T,

(Morway ret)

Yue mMUcCUlUS= = = = = @ @ @ @ @ & « = - = = Z.
(house mouce) T.
T.

harvoerd

browni

haroeri

microti

harperl

microti

autumnalis

lipovakyd
sylvilagl

whartoni

autumnsal is

harneri*
whartoni

cicroti®

1120vskzi
lipovskyl

linov;kxi

loomisgl

whartoni

s
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Mammalia (continued)

Rodentis (continued)

28pus hudeoniuS= = « = = = = @ o = = = = = = = T
(meadow jumninz mouse) T.

.

Zapus Drincepg = = = = = = © - c - - - - - -~ T.
(western jumning mouse) T.

T

Cernivora

Canls latrange = = = = = = = = « « =« « = = « - T.

(coyote)

browni

harperi
aylvilaagi
harperi

microti

subricpnata

lipovskyi
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Figure 1. The total number of larval T. lipovskyi
recovered per host examined, in each one-half
month period from 1947 to 1952 in northeastern
Kansas. The number above each bar is the total

number e.amined during that period,

Figure 2. The estimated number of larval T,
sylvilagi per square foot, based on larvae taken
on chigger samplers, at the University of Kansas

Natural History Reservation.
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