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The amount of growth achieved at each moult in most insects is governed by
certain empirical laws. The practical utility of some of these lawsin MALLO-
PHAGA is discussed. The head-width in the nymphal instars of Lipeurus caponis
(Linn.), Cuclotogaster heterographus (Nitzsch), Goniodes pavanis (Linn.), Bruelia
atharae Ansari, Quadraceps testudinarea (Children), and Laemobothrion titan
Piaget has been shcwn to present a very constant ratio of growth. The Dyar's
rule has bezn shown to corroborate the number of instars in the species
studied. Prizibram-Magusars rule as modified by Bodenheimer was applied to
the head-width, body-length and body-width of final instar nymphs of various
Mallophaga. The calculated figures were found to correspond very closely to
the observed measurements, A latent division was found to accur between
the body-length of | and Il instar nymphs in Ischnocera alone.

Introduction

LMOST all monographic papers on
Mallophaga give the salient charac-
ters of immature stages. The detailed
description of three nymphal instars of
Columbicola columbae (Linn.) was, how-
ever, first presented by Martin in 1934,
The nymphs of biting-lice leave the egg
in a relatively advanced condition of
morphological development. In general
structure and body form, they prefigure
the adults.

We studied the nymphal instars of
various species of Mallophaga, wviz.,
Philopterus corvi (Linn.), Sturnidoceus
ruficeps (Nitzsch), Bruelia atharae Ansari,
Bruelia iliaci (Denny), Bruelia saleemi
Ansari, Bruelia subtelis (Nitzsch), Colum-
bicola columbae (Linn.) Cuclotogaster
heterographus (Nitzsch), Goniodes pavo-
nis (Linn.). Quadraceps testudinaria
(Children), Menacanthur gonophoeus (Bur-
meister), Menopon gallinae (Linn.) and
Laemobothrion titan (Piaget). As far as
the general features are concerned none
of these warrant a separate treatment.
The description of various instar nymphs
of Cuclotogaster heterographus (Nitzsch)
given below will serve as examples.

In many insects the amount of growth,
which is achieved after each moult, is
regulated in accordance with certain
empirical laws. We applied some of

these growth laws to the nymphal instars
of Mallophaga. The results obtained are
presented in this paper with a view to
invite criticism.

Description of nymphal instars of Cuclo-
togaster heterographus (Nitzsch)

The young louse resembles the parents
except in size, cuticular markings and
genitalia. The chaetotaxy is also very
variable in various instar nymphs. The
mouth-parts exhibit the same general
type of construction and hardness.

First stage nymph is small flat insect,
body colour yellowish white ; integument
delicate and leathery; sclerotised abdomi-
nal plates entirely wanting. Segmenta-
tion of abdominal region obliterated.
Dorsal chaetotaxy scarce, marginal hairs

exceptionally long. Mouth-parts and
buccal cavity well developed. Total
body length 0.98-1.22 mm, breadth

0.35-0.41 mm.

The second instar nymph dirty yellow
in colour, with well developed body
markings, specific ornamentation still in-
distinct but in advance stage of coloura-
tion. In older individuals, however,
transverse blotches and longitudinal
bands slightly well developed and there-
fore feebly visible, Total body length
1.36-1.56 mm, breadth 0.44-0.49 mm.
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In the third instar
sclerotisation and formation of body
plates, transverse blotches and longi-
tudinal bands intensified, body pigmenta-
tion smoky with yellowish tinge. Head
and cephalic hairs, thorax and thoracic
chaetotaxy more or less as in adults.
Abdominal chaetotaxy, however, still re-
duced. Genitalia pPresent in incom-
pletely developed condition. Secondary
sexual characters well marked, antennal
projection in male nymph well formed.
Total body length 2.05-2.25 mm, breadth
0.68-0.88 mm.

The above descriptions are drawn from
the nymphs bred in the laboratory.
Different stages of other species .were,

however, collected from freshly killed,
birds.

Average measurements of 20-50 nymphs
of some other species are given below :—

nymph degree of

L. titan Bruelia atharae ¢
I 4.45%1.16 1.14 x 0.54
II 5:.90%x1.35 1.43%0.62

IIT 7.06x1.67

2.24 X 0.84

Different instar nymphs of Goniodes
Pavonis (Linn.), Bruelia atharae Ansari
Quadraceps testudinaria (Child), Laemobo-
thrion titan Piaget are shown in the
figure.

Growth of nymphal instar of Mallo
and Dyar’s Principle

It was shown by Dyar (1890) that head-
width of successive larval instars i
Lepidoptera follows 2 regular geometrical
progression. This principle has since
been found to hold in various other
orders, wviz., Collembola, Hymenoptera,
etc. (Imms, 1938),

This rule has been also found helpful
in calculating the actual number of
ecdysis from incomplete series of cast
sking as in Haematopota: Tabanidae
(Cameron, 1934). Qadri (1938) stated that
the increase in the width of the head of
Blatta follows a geometrical progression

phaga
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as envisag_ed under Dyar’s law only up
to third instar. In some exceptional
cases such as Heliothis - Lepidoptera

(Gaines and Campbell, 1935) and Popillia :
Coleoptera (Abercrombie. 1936) however,
the Dyar’s principle cannot be used for
corroborating the number of instars.

The result of applying the principle
to the head-width in the nymphal instars
of various Mallophagan species is pre-
sented in Table I. The factor fer In-
crease in head-width was obtained by
dividing the average observed width in
each instar by that of the previous one
and an average of all factors s0 obtained
for each instar was calculated. From
the table below, it will be seen that the
calculated head-widthg using Dyar's prin-
ciple approach the actual observed
widths extremely closely. From this it
is inferred that head-width js a safe in-

Sk Goniodes pavonis
estudinaria

1.13%0.41 1.56-1.67 % 0.67-1.20
1.91 % 0.61 2:15-2:35 X 1,16-1.25
2.56 X 0.83 2.797-3.19 x1.45-1.80

dication of the instar of Mallophagan
nymph and the Dyar’s principle is of
practical value to preclude the chance
of an ecdysis being overlooked. By the
application of this rule to the cast skins,
the actual number of ecdysis can also be
correctly calculated,

Growth of nymphal instars of Mallophaga
and Przibram-Megusar’s Principle as
Modified by Bodenheimer

d Megusar (1912) estab-
lished that all-linear dimensions Increases
at each ecdysis by a constant equal
to 4¥2=1.26. This  rule was deduced
rom measurements on Sphodromantis :
Orthoptera. It has also been found to
hold good in various other insects, wviz.,
Dixippus : Orthoptera (Eidmann 1924),
Notonecta : Hemiptera (Teissier, 1931)
and Hymenoptera (Glover, 1939). This
rule has been shown to be of no practical

Przibram an
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Table |.—Observed and calculated head-width
of nymphal instars of Mallophaga

FTgls

]

I3 :g;ﬁ

Observed head- T £33

width (mm.) :— Calculated head- = %

: : 2uT

3 average in width {(mm.)  2£%¢ Wg
Bt parenthesis. £5h g:eg"g

] f£Sa2e
a EFoaxad
— Q‘-‘C“ o9

1. Lipeurus caponis (Linn.) after Wilson, 1939.
I 0.223-0.262 (0.242)
I 0.251-0 277 (0.264) 0 242 x1.09=0.264 0.0
Il 0.277-0.303 (0.290) 0.264x109=0.288 - 07

2. Cuclotogaster heterographus (Nitzsch).
I 0.32-0.38
II 0.36-0.41
ITT  0.48-0.58

0.320% 1.34=0.428 +4.8
0.428% 1 34=0.575 —0.87

3. Goniodes pavonis (Linn.).
I 0.50-0.69 (0.69)
Il 0.75-0.87 (0.87)
III  1.00-1.06 (1.06)

0 690X 1.24=0 858
0.858 X 1.24=1.063

4 |
O
iy ©
3

4. Bruelia atharae Ansarl.

I 0.383
II 0.436 0 383%1.27=4.86
III 0.617 0.486 X 1.27=6 17

5. Quadraceps testudinaria (Children).
I 043
11: :0:53
III 0.66

043 %X1.24=0.53
0.53 x1.24=0.66

6. Laemobothorion titan Piaget.
I 0.967
LI 41303
11T 120

0.067%1.11=1.073 +4.17
1.073%X1.11=1.191 -—0.73

value in Lymantria : Lepidoptera (Gold-
schmidt, 1933) Melanoplus : Orthoptera
(Hodge, 1933), Locusta : Orthoptera (Key,
1936) Tenodera : Mantidae (Przibram
and Brecher 1930) and Popillia Cole-
optera (Ludwig, 1939). It is of doubtful
value in those insects where the increase
in weight at each moult is very great. In
Mouscidae and other flies where the larva
grows in size but the cells do not divide
after embryonic period, this rule has to
be abandoned.

Bodenheimer (1933) while commenting
on the growth principles has amplified
certain important interpretations. He
has shown that in certain insects, the
rate of increase exceeds the standard co-
efficient, because the cell division may

have occurred mcie ilan once in the
same stage. He has called these extra
divisions as Latent divisions and presented
a modified definition of the Przibram-
Megusars principle. He has stated that
“Insect growth’’ follows a progressive rule
factor of \¥2=1.26 or nx1.26 for linear
dimensions.

In the examples given below, the ob-
served head width of Il instar nymphs
of Mallophagan species were divided by
1.26 until a igure very near the observed
hezd width of the I instar nymph of the
same species was obtained. The results
so obtained are presented in Table IL

Table Il —Results of applying Przibram Megusar'®
principle as modified by Bodenheimer to the head~
width of nymphal instars of certain Mallophaga

geas

Sl

Observed head- £ Bzl

width (mm.):— Calculated head- £+ =
average in width (mm.) ggg !
x parenthesis gL guT
2 25 ) ;g E
E ZEsrad
Q sQoweod

=

Lipeurus caponis (Linn.) : after Wilson (1939).
11T 0.277-0.303 (0.290)
II 0.251-0.277 (0.260) 0.290+1.26=0.230 —11.5
I 0.223-0.262 (0.242) 0.230+1.26=0.182 ~24.5

Cuclotagaster heterographus (Nitzsch).
IIT 0.48-0.58 (0.53)
II 0.36-0.41 (0.38)

0.53 +1.26=042 +10.
I 0.32-0.38 (0.35) 25

0.42 +1.26=0.383

Goniodes pavonis (Linn.).

111 1.06
II 0.075 1.06 +1.26=0.840 +-3.88
I 0.69 0.84 +1.26=0.667 —3.98

Bruelia atharae Ansari

IIT 0.617
1T 0.486 0.617+1.26=0.439 +0.61
I 0.383 0.489+1.26=0.388 +0.30

Quadraceps testudinaria (Children).

IIT  0.66
II 0.53 0.66 + 126=0.52 -1.9
I 043 043 +1.26=042 —23

Laemobothrion titan Piaget.

III 1.200 eaid
II 1.030 1.200+1.26=0.952 —7.57
I 0.967 0.952+1.26=0.750 =22

It will be noted from the foregoing
table that the calculated measurements
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Figs

Figs.

- 6—11. Goniodes pavonis,
Linn. 6-7 Eggs, 8. First
stage nymph, 9. Second
stage nymph, 10. Third
stage nymph (male),

11. Adult male.

12—15. Laemobothrion
titan Plaget. 12. Adult
female, 13. Third stage
nymph, 14. Second stage
nymph, 15. First stage
nymph,
16—18. Bruelia atharae
Ansari. 16. Third stage
nymph, 17. Second stage
nymph, 18. First stage

nymph,

gs. 19—22. Quadraceps tes-

tudinaria  (Children).
19. First stage.

. Second stage.

. Third stage nymph.

2. Adult.
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are approximately near the observed
measurements. When compared with
the figures obtained by using the Dyar’s
principle, these figures, however, were
not fairly close in all species.

We also applied this rule to the body-
length and body width of the various
species. As in the above case, the ob-
served body-length (and body width) of
the final instar nymph was divided by
1.26 until a figure approximately equal
to the observed body-length (and kody-
width) of the first instar nymph of the
same species was reached. The figures
so obtained are presented in the Tables
I1T and IV.

Table ill —Results of applying Przibram-Megusar’s
Principle as modified by Bodenheimer to the total
body-length of nympha —instars of Mallophaga

=8
Pl
Observed total %8
body length (mm.) Calculated total S<8z=2%
(average Qf body-length §§
8 20—50 nymphs) (mm.) gL
w W
= 22
1. Bruelia atharae Ansarf.
III 2.242 2.422+1.26
: 1.922+1.26 .
II 1.429 {1505+126 +12.3°
I 1.140 1.274 + 5.8%
2. Columbicela columbae (Linn.)
III 1.633 1.633+1.26
: §1.296+1.26 oo
111227 11.030+1.26 aa
I 0.824 0.817 - 0.85
3. Cuclotogaster heterographus (Nitzsch)
III 1.94-2.2 1.94-+1.26 be
5 1.54+1.26 )
Il 1.36-1.56 e ~ 1.8
I 0.98-1.22 0.97 — .7l
4, Goniodes pavonis (Linn.).
III 2.77-3.19(3.19) 3.19 :1.26
24c = 2:53 =1.26 .
I 25285228 {20 200 +10.9
I 1.56-1.67 (1.56) 1.594 + 2.8
5. Quadraceps testudinaria (Children)
1II 2.56 2.56+1.26
2.03+1.26 -
I 1.9 { 161120 + 6.2
I 2513 1,97 +12.3
6. Laemobothorion titan Piaget.
I 7.06 7.06 +1.26
II 5.90 5.603+1.26 =503
I 4.45 4.447 = 0,07
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Table IV —Results of applying Frzibram-Magusar’s
principle as modified by Bodenheimer to the total
body-width of nymphal instars of Mallophaga

|

£= 3%
oz2§ et
Observed body- *E §Ru5
width (mm.) Calculated body- £=2xc®
i (Averages of width (mm.) 2273 5
5_,: 20—350 nymphs). EE §% 8 é
= ZS3E%%
Bruelia atharae Ansari.
IIT 0.841 0.841+1.26
Il 0.617 0.666 +1.26 +8 %
I 0.542 0.529 -2.4%
Cuclotogaster heterographus (Nitzsch).
IIT  0.64-0.86 0.64 +1.26 T
Il 0.44-0.49 0.506 +1.26 +3.26
I 0.33-0.41 0.401 —2.19

Goniodes paveonis (Linn.).
II1  1.45-1.8 (1.7) 1.7 +1.26

1 1.16:2:28 (laasy {Ldlan +8.0

I 0.67-1.00 (0.80) 0.85 +6.25
Quadraceps testudinaria (Children).
11T 0.83 0.83=1.26
0.66+1.26 1
II 0.61 0.52.+1.26 +8.1
I 041 0.41
Laemobothorion titan Piaget.
IIT 1.67 1.67 =1.26 .
II 1.35 1.325+1.26 —1.85
Il A6 —9.40

1.051

It 1s obvious from these tables that
in case of body-length, (i) there is always
one latent division between I and II
instars in Ischnocera Mallophaga while
none at all in Amblycera ; (ii) in the case
of breadth, there is frequently but not
always, one latent division between I and
II instars in Ischnocera but none at all
in Amblycera. The chart on the next
page presents the summary of the
preceding tables.

From these observations, we deduce
that in Mallophaga the body-length and
breadth calculated, according to Boden-
heimers’ growth principle, corresponds
very closely to the observed measure-
ments and that this rule is in conformity
with Przibram’s rule, may be said to hold
true for Mallophaga also. The absence
or obscurity of “Latent divisions’’ in the
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Amblycera does not invalidate the prin-
ciple, rather it may throw some light on

Latent Division

between
Mallophaga S eeale
Length Breadth
1. Bruelia atharae Ansari I and II
2. Columbicola columbae
(Linn.) vee Leand 11
3. Cuclotogaster heterogra-
phus (Nitzsch) w. Tand Il
4. Goniodes pavonis (Linn.) Tand II Iand II
6. Quadraceps testudinaria
(Children) v AL and T Teand T

6. Laemobothorion titan

Piaget

the relationship, origin or primitiveness

of the sub-order.

Conclusions

The number of observations is too
small to draw any reliable conclusion,
but the following interesting facts that
emerge out of the present study suggest
to collect more evidence and elucidate it
further :

(1) three instars of Mallophaga may
be grouped according to head-width as in
the case of Collembola, Hymenoptera and
Lepidoptera larve.

(2) head-width of nymphal instars in
Mallophaga is a safe indication of the
mstar.  Width calculated on Dyar’s
principle, approximate sufficiently closely
to the observed measurements as compar-
ed to calculated measurements obtained
by Bodenheimer’s Law and further pre-
clude the chances of an instar being over-
looked.

(3) Bodenheimer’s Law can be applied
to growth in body-length. In Ischnoceron
Mallophaga, there occurs one ‘“‘Latent
division” between I and II instars while
none in Amblyceron Mallophaga. The

Pre-lmaginal Instars of Mallophaga

calculated lengths and breadth fall fairly

closely to the actual measurements.

References

1. Aserocromsie, W. F., Jour. Morph., 59,
91-112 (1936.)

2. Avepatov, W.W., Jour. Expt. Biol., 52,
407-432 (1929).

3. ATIQUR-RAHMAN ANsari, M., Ind.
Ent., 5, 129-142 (1944).

4. -— Btudies on Mallophaga infesting birds
in the Panjab (Panjab University Unpub-
lished Thesis) (1946).

5. Bobenmemer, F.S., Quart. Rev. Biol., 8,
92-95 (1933).

6. BorcuErT, A., Zool.
99-106 (1936).

7. Buxton, P. A., Parasitology, 30, 65-84
(1938).

8. CamEeronN, A. E., Trans. Roy. Soc. Edin., 58,
211-250 (1934.)

9. Dvar, H. G., Psyche, 5 (2) (1890).

10. Eipmany, H., Z. Morph. Ockol. Tiere, 2,
567-610 (1924).

11. Ganes, J. C. and CamesrrL, F. L., Ann.
Ent. Soc. Amer., 28, 445-461 (1935).

12. Grover, P. M., Ind. Jour. Ent., 1 (3), 1-14
(1939).

13. Gorbscumipt, R., Arch. Entw. Mech., 130,
266-336 (1933).

14 Hopge, C.;
(1933).

15. Imms, A.D., A General Text-book of Entomo-
logy, London, 195 (1948).

16. Key, K. H. L., Bull. Ent. Res., 27,
(1936).

17. Lubwig, D., Ent. News, 45, 141-152 (1934)."

18. MarTiN, M., Canad. Ent., 66, 6-16 (1934).

19. Przreram, H. and BrecuERr, L., Arch. Entw,
Mech., 122, 251-279 (1930).

20. Przisram, H. and MEcusag, F., Ibid., 34
680-741 (1912).

21. Szterw, H., Ibid., 40, 429-495 (1914).

22. Trissier, G., Trav. Stat. Biol. Roscoff, 9
29-238 (1931).

23. —— Livre Jubila're E. L. Bouvier, 334-342
(1936).

24, WicGLEsworTH, V. B., Jour. Expt. Biol., 14,
364-81 (1937).

Jour.

Jahrb. Anat., 61,

Physiol. Zool., 8, 306-328

77-85

'

25. ~—— Quart. Jour. Micr. Sci. 83, 141-152
(1942).
26. —— The Principles of Insect Physiology,

London, 41-94 (1950).

27. Wiwson, F. H., Ann. Ent. Soc. Amer., 32,
318 (1939).

161




