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Diagnostic characters of the larvae of some Hoplothrips species (Thysanoptera:
Tubulifera) in Norway
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Abstract. Characteristics of 46 setae of the second stage larvae of four Hoplothrips species (Thysanoptera) are discussed with
respect to their diagnostic value. Two different approaches, of which one is mathematical, for identification of the larvae are given.

INTODUCTION

Thrips are among the smallest insects, as most of them
are 1-2 mm long. Additionally many species live in
hidden habitats and are difficult to study. Hence informa-
tion about them is limited.

The development of thrips differs from that of other
insects by having two larval stages and two or three
pupal stages. The larvae of many thrips species are
poorly known or undescribed. Priesner (1928) gave very
detailed descriptions of the larvae of many species, but
the characters he used are difficult to emply for identifi-
cation. Some identification keys are available, but focus
on species of economic interest within the suborder Tere-
brantia (Speyer & Parr, 1941; Miyasaki & Kudo, 1986;
Nakahara & Vierbergen, 1998). Although the suborder
Tubulifera contains the largest number of species, few
descriptions of their larvae that are useful for identifica-
tion are available. Heming (1991) gave some examples,
and Priesner (1964), an identification key to a number of
second stage larvae of the Tubulifera, but this is far from
complete.

The larvae of many insects can be identified prior to
complete development, but the best way to verify identi-
fication of larvae is often to let them complete their
development and identify the imagines. Details of impor-
tance for identification of thrips larvae can be studied
only after elaborate preparation of preserved specimens.
Accordingly the next best way to verify identification of
them may be to collect them from populations containing
both larvae and imagines, to identify the imagines, and to
assume that the larvae and the imagines belong to the
same specics.

Several Hoplothrips species (Tubulifera) have been
collected in Norway. According to Priesner (1964) and
Ananthakrishnan (1984) the species live gregariously on
wood-rotting fungi. They live on recently dead and
fungal infested trees often with large numbers of imag-
ines and larvae together.

The Hoplothrips studied here were collected from
populations containing a single species of imagines, and
therefore all the larvae were assumed to belong to the
same species. In this context all specimens on a single

tree were regarded as belonging to one population as
most of the imagines were wingless (Lewis, 1973; Kobro,
2001) and thus reproductively isolated. They probably
developed from one single or a very few primary invaders
of the dead tree.

Hoplothrips polysticti (Morison, 1949) is probably
monophagous on Trichaptum abietinum (Kobro, 2001),
which is a very common wood-rotting polypore on Picea
abies (Ryvarden & Gilbertson, 1994). Hoplothrips pedi-
cularius (Haliday, 1836) forage on the bark fungi
Stereum spp. (Morison, 1949; Priesner, 1964) infesting
many different species of trees (Eriksson et al., 1984).
Hoplothrips  carpathicus Pelikan, 1961 was earlier
recorded from dead Fagus silvatica (Pelikan, 1961; zur
Strassen, 1994) but without information on any fungal
infestation of the tree. zur Strassen (1994) described it as
a “hardly known” species, and gave a description of the
larva based on one specimen. H. carpathicus was later
found in numbers on standing dead birches with coarse
and cracked bark in Sweden (Kobro & Nittérus, 1999)
and Norway. The birches were infested by Fomes fomen-
tarius. According to Morison (1949) Hoplothrips ulmi
(Fabricius, 1781) occurs on Peniophora incarnata and
other fungi. P. incarnata infests most sorts of wood
(Eriksson & et al., 1978). Thus the species probably
forage on different fungi and therefor they are usually not
found together.

The larvae of four of the most commonly found
Hoplothrips species in Norway are described using the
chaetotaxy that are of importance for identification. Two
different approaches to identification keys are given: one
traditional key based on a combination of judgement of
qualitative and quantitative traits, and one using a strictly
quantitative, mathematical approach.

Three other species of the same genus were found
during this investigation. Hoplothrips corticis (De Geer,
1773) was found once with one second stage larva. Single
adult individuals of Hoplothrips fungi (Zetterstedt, 1828)
and Hoplothrips unicolor (Vuillet, 1914) were found.

Additionally Hoplothrips semicaecus (Uzel, 1895) has
been recorded once in Norway (Olsen & Solem, 1982).
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Fig. 1. Sctal map of the second stage larva of Tubulifera,
redrawn after Heming (1991).

MATERIALS AND METHODS

Bark was collected from 1998 to 2000 from several species of
dead trees with visible infections of wood-rotting fungi. The
sample size was about 0.2-0.3 m?® Thrips were eluated from
Berlese funnels and stored in AGA (70% ethanol + glycerol +
acetic acid = 10 + 1 + 1). The number of specimens eluated
from one sample varied from zero to more than a hundred. The
larvae studied in this investigation were selected preferentially
from samples with a high number of larvae and imagines, and
containing imagines of only a single species of Hoplothrips.
Imagines were identified following Priesner (1964) and
Schliephake & Klimt (1979). Identification of representatives of
the species were verified by R. zur Strassen (pers. com.).

Five second stage larvae from each of three populations of H.
polysticti, H. pedicularius and H. carpathicus were studied, but
only two populations of H. ulmi were found so the number of
specimens was less.

After storage, the larvae were treated with 50% hot lactic acid
(lactic acid + 96% ethanol = 1 + 1) for 15 minutes and concen-
trated acetic acid for a few minutes and, thereafter, in 50% clove
oil (clove oil + 100% ethanol = 1 + 1) overnight. After 5-10
minutes in pure clove oil they were embedded in Canada
balsam.

TaBLE 1. Estimated coefficients of linear discrimination
functions for classification of second stage larvae of four
Hoplothrips species.

scta seta seta scta constant

A92 TI1.1 H1 AS8.2 value
*H. carpathicus 041  0.23 0.66 0.42 -57.94
H. pedicularius 091  0.03 0.84 037 -101.13
H. polysticti 1.37 -0.11 0.72 027  -145.11
H. ulmi 1.47 0.18 0.88 040  -205.64

*Example: fu. copanics = seta A9.2 x 0.41 + seta T1.1 x 0.23 +
seta H1 x 0.66 + seta A8.2 x 0.42 - 57.94

Fig. 2. Setal map of the thorax of the second stage larva of
Hoplothrips polysticti.

The sctac of the larvac were numbered following Heming
(1991) (Fig 1). The length of 46 sctac on cach of the 53 speci-
mens was measured and the setac were also characterised
regarding the shape of their apex.

The length of cach seta was measured using a microscope
with 500 times magnification. As the setae on prepared speci-
mens usually are not lying in the focal plane, both the horizontal
projection and the vertical component of the length were meas-
ured, and the true length was calculated as the hypotenuse (Ced-
crholm, 1981). The horizontal projection of a setac length was
read with an ocular micrometer (calibrated using a Leitz stan-
dard slide). To measure the vertical component of the setae
length, the scale of the focusing screw on the microscope was
used. A calibration factor was established by means of a slide
specially made for the purpose by T. Krekling: he made a cross
with ink on a cover glass, with one line on cach side of the
glass. The true thickness of the cover glass was measured with a
micrometer. The same thickness, that is the distance between
the two crossing lines, could then be measured on the micro-
scope, and the calibration factor could be calculated.

The lengths of the setae were compared using a one-way
ANOVA and multiple comparisons using the Fisher LSD test.

A mathematical approach to identification of insects may be
based on multivariate mathematical statistics. Such techniques
have been applied previously by Mound & Palmer (1981) for
the classification of thrips species by clustering specimens based
on morphological traits. They used principal component and
canonical variate analysis, but with limited success. For our pur-
pose, the discrimination of species based on quantitative me-
asures of the setae, we used linear discriminant analysis
(Johnson & Wichern, 1992) as the appropriate statistical
method. In linear discriminant analysis, we estimated one dis-
criminant function based on a limited number of measured traits
for each species (Table 1). When measurements on a new
specimen are put into cach one of these functions, the specimen
is predicted to belong to the species for which the function gives
the largest output value. We used this method for classification
of our collected material.

RESULTS

Of the 46 setac measured, 20 were useful to distinguish
among the four species H. carpathicus, H. pedicularius,



TaBLE 2. Mean setal lengths in um (St dev) discriminating
the second stage larvae of four Hoplothrips species.

TagLe 4. Identification key II for the second stage larvae of
four species of Hoplothrips.

Hoplothrips

Seta  carpathius  pedicularius  polysticti ulmi

n=15 n=15 n=15 n=§
H1 59 (7)** 67 (7)y*** 60 (7)** 83 (6)***
H2 25 (4* 34 (N* 26 6 38 3
T1.1 59 (8)* 62 (10)* 58 (9)* 93 (13)***
T1.6 76 (6)*** 60 (9)* 64 (10)* 62 (7)*
T22 24 (2)y*** 39 (5)** 32 (5)y** 36 (6)*
T2.3 49 (6)*** 39 (4H** 32  (5)*** 39 (§)**
T2.4 178 (20)** 136 (17)** 142 (14)** 164 (9)**
T2.5 52 (5)*** 44 (7)* 46  (7)y** 39 (3)**
T3.2 22 (4y*** 37 (H** 31 (6)*** 36 (4)**
T3.3 46 (6)* 49 (7)* 37 Q) 47 (5)*
T3.4 195 (22)** 154 (14)** 157 (15)** 181 (10)**
T3.5 54 (5)*** 43 (5)* 43 (7 40 (2)*
Al2 84 (14)*** 53 (10)* 50 (&)* 53 (8)*
A53 130 (18)*** 159 (21)* 150 (13)* 156 (21)*
A6.1 86 (13)*** 74 (9)* 73 (An* 72 (5*
A7.1 101 (16)*** 73 (10)* 84 2h)* 72 (9)*
A8.1 98 (21)*** 67 (7)* 68 (19* 77 (8)*
A82 88 (15)* 84 (12)* 62 (10)*** 90 (14)*
A92 66  (6)*** 123 (15)*** 173 (11)*** 195 (9)***
A9.3 139 (26)*** 169 (17)** 189 (12)** 185 (13)*

**%* Mean is significantly different from the three other species
** Mean is significantly different from two of other species

* Mean is significantly different from one of other species
(P<0.01)

H. polysticti and H. wulmi, as their means were
significantly different from at least one of the other spe-
cies (Table 2). Most setae on the one second stage larva
of H. corticis were strikingly longer (not shown).

The setae were also characterised regarding the form of
their apex. For H. carpathicus and H. corticis all the setae
were sharply pointed. For H. polysticti all setae on the
head, pronotum and mesonotum were sharply pointed
(Fig 2), while the shorter setae on the metanotum and
abdomen were more variable, beeing fringed (see A2.2 in
Fig.1), blunt or pointed. In contrast, the fringed setae
were dominant on H. pedicularius and H. ulmi, despite
some variation in the form of the apices of the setae.

TaBLg 3. Identification key I for the second stage larvae of
four species of Hoplothrips.

1 Several setae on pronotum fringed 2
All setae on pronotum sharply pointed 3
2 Setae A9.1-3 about the same length: Hoplothrips ulmi
Seta A9.2 much shorter: Hoplothrips pedicu-
larius
3 Seta pair T1.2 on, or close to the line Hoplothrips carpa-
between seta pair T1.3 thicus

Seta pair T1.2 on, or close to the line Hoplothrips polys-
between seta pair T1.4 ticti

1 Length of seta A9.2 66 (6) um
“ 123 (15) um Hoplothrips pedicularius
“ 173 (11) um
“ 195 (13) um

Hoplothrips carpathicus

Hoplothrips polysticti
Hoplothrips ulmi

The classification of thrips species based on linear dis-
criminant analysis identified four setae to be sufficient for
correct classification. Estimated factors for the discrimi-
nant functions for these four setac are given in Table 1.

DISCUSSION

In his identification key Priesner (1964) used, among
other characters, the shape of the apex of the setae, and
also the relative length of setac 1, 2 and 3 on the 9th
abdominal segment (= A9.1, A9.2 and A9.3), for identifi-
cation of Hoplothrips species. Based on these, and one
additional character more or less subjectively chosen by
us, an identification key for larvae of four Hoplothrips
species was made in the traditional way, including the
two species, H. carpathicus and H. polysticti, not noted
by Priesner (1964) (Table 3).

The mathematical treatment of our data increased the
diagnostic value of several of the setae and, thereby, sim-
plified the identification of the four species studied. Their
seta lengths alone could identify the species. The esti-
mated linear discriminant functions (Table 1), classified
all observations to their correct species. The seta A9.2
was clearly the best single classification variable (lowest
pooled standard deviation), but, for a further refinement
and especially to distinguish the species H. u/mi from H.
pedicularius and H. polysticti, we had to include the three
setac T1.1, H1 and AS8.2. Checking off the discriminant
model by cross-validation, misclassified only one
specimen (H. pedicularius to H. carpathicus) of a total of
53 specimens.

The two different identification approaches resulted in
two different keys, of which one is based on one char-
acter only (Table 4).

In addition to the metric characters discussed, the larvae
of some of these Hoplothrips species can be discrimi-
nated by the colour of fresh specimens. H. ulmi have an
orange coloured pigmentation within the body, whereas
H. carpathicus is grey with a more or less orange colora-
tion only in the middle of abdomen (Kobro & Nittérus,
1999; photo). The three other species discussed here are
crimson.

CONCLUSION

By including a mathematical treatment, the diagnostic
value of metric characters can be increased, thercby
reducing the number of characters needed for correct
identification of the larvae of the four Hoplothrips species
studied.
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