
INTRODUCTION

Mites are one of the most abundant and diversified group of
arthropods which not only prevail in agro-ecosystem but
also occupy storage structures and greenhouses (Bahrami et
al., 2007). Family Acaridae got global attention due to its
negative influence on stored grains as well as damaging
different plant materials and acting as useful clues during
forensic studies (Hughes, 1976). In Pakistan, farmers are
unaware about the extent of damage caused by stored grain
mites. They feed inside embryo of the grain and reduce grain
quality by changing the proportion of nutrients inside it,
which can also effect the germination of grain (Mahmood et
al., 2013).
Stored grain mites have been reported all over the world
comprising of almost 400 species of family acaridae (Collins,
2006; Darvishzadeh and Kamali, 2009; Haines, 1997; Hubert
et al., 2004, 2006; Kucerova and Horak, 2004; Mahmood,
1992). From Pakistan, more than 70 species of family
Acaridae have been recorded prevailing under storage
structures (Ashfaq et al., 1985, 1986, 1999, 2000; Ashfaq
and Chaudhri, 1983, 1984, 1986; Ashfaq and Sarwar, 1999,
2001; Ashfaq and Sher, 2002; Bashir et al., 2011, 2012;
Sarwar et al., 1998; Sarwar and Ashfaq, 2002, 2004; Sher et
al., 1991).
Genus Acotyledon Oudemans includes the most diversified
members of family Acaridae. This genus was erected in
1903 by Oudemans with A. paradoxa as its type species.
Later, number of acarologists made their contribution to the
compilation of the genus Acotyledon and advocated its
validity within family acaridae (Baker and Wharton, 1952;
Eraky, 1999; Fain and Philips, 1978; Hughes, 1976; Klimov,

2000; Mahunka, 1973, 1974, 1978; Nesbitt, 1945; Rupes,
1967; Samsinak, 1957, 1966, 1968; Sevastianov and Rady,
1991; Womersley, 1955; Zachvatkin, 1941).
In this paper, two new species A. augokiensis n.sp. and A.
haroonabadensis n.sp. are described and illustrated from this
country. A key to the species of the genus Acotyledon from
Pakistan is also given here.

MATERIALS AND METHODS

A comprehensive survey of different stored grains was
carried out to explore the acarid mite from Punjab, Pakistan
between the years 2011-2013. Different stored grains (wheat,
rice, maize, gram) were sampled for mite collection. Grains
were randomly sampled from grain markets and storage
structures and each sample of 500 grams was sealed in
plastic bags. The samples were brought to the laboratory and
processed through Berlese’s funnel. Acarid mites were
sorted under a binocular microscope and permanent slides
were prepared in Hoyer’s medium. Illustrations were made
with the help of an ocular grid by using a phase contrast
microscope (MT4210H, Meiji Techno®, Japan). The
mounted specimens were identified up to species level with
the help of available literature and keys on this genus.
Measurements of different body parts were done with the
help of an ocular micrometer. All the measurements are
given in micrometer.

RESULTS AND DISCUSSION

Key to species of the genus Acotyledon oudemans from
Pakistan
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1. Sternum 2 (st2) present ---------------------------------------- 2
- Sternum 2 (st2) absent ----------------------------------------- 16
2. Gnathosomal fused padipalpi not notched ----------------- 3
- Gnathosomal fused padipalpi notched ----------------------10
3. Propodosomal shield dotted -----------------------------------4
- Propodosomal shield smooth ---------------------------------- 5
4. Metasternal seta (mts) present

--------------A. peshawariensis (Ashfaq et al., 1986)
- Metasternal seta (mts) absent

----------------------A. falki (Ashfaq and Sher, 2002)
5. Apodeme 2 (ap2) meeting Apodeme 4 (ap4) --------------6
- Apodeme 2 (ap2) not meeting Apodeme 4 (ap4) ---------- 8
6. Metastrnal seta (mts) present

---------------A. wazirabadensis (Bashir et al., 2012)
- Metasternal seta (mts) absent ---------------------------------- 7
7. Genu III with 1 seta only

---------------A. lucarus (Ashfaq and Sarwar, 1999)
- Genu III with 2 seta only

--------------------------A. pytho (Ashfaq et al., 1986)
8. Dorsum with 3 pairs of visible pores

---------------A. dolichos (Ashfaq and Sarwar, 1999)
- Dorsum without 3 pairs of visible pores --------------------- 9
9. Suctorial shield pointed posteriorly

---------------- - A. thysia (Ashfaq and Sarwar, 1999)
- Suctorial shield rounded posteriorly

-------------------------- A. tariqi (Ashfaq et al., 1987)
10. Gnathosomal fused padipalpi not pear shaped --------- 11
- Gnathosomal fused padipalpi pear shaped ----------------- 12
11. Propodosomal shield dotted; sternum 2 (st2) free

anteriorly; coxal fields III and IV open
--------------------- A. infaustus (Ashfaq et al., 1986)

- Propodosomal shield smooth; sternum 2 (st2) meeting
apodeme 4 (ap4); coxal fields III and IV closed

-----------------------A. thosmos (Ashfaq et al., 1986)
12. Coxal fields I-IV not all open ----------------------------- 13
- Coxal fields I-IV all open ------------------------------------- 14
13. Coxal fields III and IV open

------------------------ A. ruditas (Ashfaq et al., 1986)
- Coxal fields III and IV closed

------------------------ A. hypeir (Ashfaq et al., 1986)
14. Seta ve present; tarsi III and IV each with 4 leaf-like

setae
----------------------A. stremma (Ashfaq et al., 1986)

- Seta ve absent; tarsi III and IV each with 3 leaf-like setae
-------------------------------------------------------------15

15. Gnathosoma 2 segmented; sternum1 (st1) along with
sharp tip ----------------- A. distantis (Ashfaq et al., 1986)

- Gnathosoma 1 segmented; sternum1 (st1) short with blunt
tip ------------------ A. bellulus (Ashfaq and Sher, 2002)

16. ω1 more than half the length of tarsi ---------------------17
- ω1 less than half the length of tarsi ------------------------- 19
17. Dorsal setae long; setae d1 ˃ d3; d1 = 32, d3= 49

----------------A. chakwaliensis (Honey et al., 2014)

- Dorsal setae short to medium in length; setae d1 ˂ d3; both
d1 & d3 less than 20 in length -----------------------------18

18. Gnathosoma broad posteriorly; ap2 with swollen tip; ap3
not meeting ap4; mG on genu I and II measuring 12 and
11 respectively ------------ A. embio (Ashfaq et al., 1998)

- Gnathosoma notched posteriorly; ap2 with sharp narrow tip;
ap3 meeting ap4; mG on genu I and II = 22 long

----------------A. haripuriensis (Ashfaq et al., 1987)
19. setae ve absent ------------------------------------------------20
- Setae ve present -------------------------------------------------21
20. Hysterosomal shield without dorso-lateral striations; ap2

not reaching to the anterior margin of ap4; coxal field III
closed, dotted -------A. kamokiensis (Bashir et al., 2012)

- Hysterosomal shield with strong dorso-lateral striations;
ap2 reaching to the anterior margin of ap4; coxal field III
open -------------------------------A. haroonabadensis n.sp.

21. Setae sci absent; gnathosoma elongate, I segmented
---------------------------A. ciceri (Honey et al., 2014)

- Setae sci present; gnathosoma broad, II segmented
--------------------------------------A. augokiensis n.sp.

1. ACOTYLEDON AUGOKIENSIS N.SP (Fig. 1: A-B)

Figure 1. Acotyledon augokiensis n.sp , A: Dorsal side

Material examined: Holotype hypopus and three paratypes
from Triticum aestivum L. (Poaceae) grains at grain market
Augoki, Sialkot (Punjab province), 32.29° N, 74.27° E on
04th October, 2011. One paratype hypopus from Oryza
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sativa L. (Poaceae) grains at govt. storage structures
Narowal (Punjab province), 32.1° N, 74.88° E on 23rd
September, 2012. All type specimens were deposited in
Acarology Research Laboratory, Department of Entomology,
University of Agriculture, Faisalabad, Punjab, Pakistan.
Etymology: The species name is described on the basis of
locality (Augoki) from where, this species was collected.
HYPOPUS
Dorsum (Fig. 1A).

Figure 1. Acotyledon augokiensis n.sp , B: Ventral side

Body rounded, 255 long, 225 wide; divided into
propodosomal and hysterosomal shields. Propodosomal
shield 14 long, 181 wide provided with a small rostrum
antero-medially, smooth; setae vi, ve, sci, sce, 12, 7, 15 and
27 long respectively, sci-sci 25, sce -sce 61 and sci-sce 22
apart. Setae sci and sce in semi-circular line. Hysterosomal
shield 221 long, 215 wide, dotted; 2 pair visible pore. Setae
simple, seta d1, d2, d3, d4 on hysterosomal shield while seta
hi, la, lp1, lp2, sai and sae located off the hysterosomal

shield. Setae d1 12, d2 15, d3 10, d4 12, hi 12, la 12, lp110,
lp2 7, sae 7, sai 29 long; d1-d1 37, d2-d2 137, d3 - d3 47, d4
- d4 61, d1-d2 51, d2- d3 61 and d3 - d4 66 apart.
Hysterosomal shield anterior margin overlapping
propodosomal shield and overlapping area dotted.
Venter (Fig. 1B).

Figure 2. Acotyledon haroonabadensis n.sp, A: Dorsal
side

Gnathosomal fused pedipalpi II segmented, 25 long, parallel
laterally, rounded posteriorly, 1 pair arista, 37 long, 2 pairs
small setae. Apodeme I (ap l) 10 long, V- shaped continuing
with sternum I (st l). Sternum I (st l) free, pointed, 42 long.
Apodeme 2 (ap 2) not meeting apodeme 4 (ap 4). Apodeme
3 (ap 3) meeting apodeme 4(ap 4). Apodeme 4 (ap 4)
meeting medially making a semi-circular line. Sternum 2 (st
2) absent. Apodeme 5 (ap 5) converging medially not
meeting apodeme 4 (ap 4). Metasternal seta (mts) 7. Coxal
fields I, II, III and IV open and dotted. Area lateral to
apodeme 3 (ap 3) and apodeme 4 (ap 4) dotted. Seta hv I
pair 22 long. Genital shield dotted, genital slit elongated,
genital suckers absent, I pair paragenital setae (pr) anterior
to genital disc (gdi3) 7 long. Coxal discs di1 and di2 present.
Suctorial shield concave antero-medially, rounded
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posteriorly, 42 long, 49 wide, I pair anterior suckers, I pair
anal suckers, 2 pairs each of lateral and posterior suckers.
Legs (Fig. 1B).

Figure 2. Acotyledon haroonabadensis n.sp, B: Ventral
side

All of one type, I - IV measuring 93, 88, 83 and 88 in length
respectively (Trochanter base to tarsus tip). Setae and
solenidia on legs I - IV segments: Coxae 0-0-0-0, trochanters
0-1-1-0, femora 1-1-0-0, genua 2-3-1-1, tibiae 3-3-2-2, tarsi
7-5-5-5. Tarsi I-IV 37, 35, 36, 37 long, respectively. Seta vF
on femora I and II 20, 44 long respectively, absent on femur
III and IV. Seta e on tarsi I and II 25 long each, absent on
femora III and IV. Seta mG on genua I and II 25 and 20 long,
respectively, hT on tibiae I and II 25 and 22 long
respectively. Solenidion ω on tarsi I and II 17 and 19 long,
respectively. Setae φ on tibia I and II 66 and 47 long,

respectively. Tarsi I-IV provided with I cup-shaped + 1 leaf-
like + 3 lancet like; 1 cup shape + 1 leaf like + 2 lancetlike;
4 lancet like; 4 lancet-like setae, respectively.
Remarks:
This new species is very close to already known species
Acotyledon ciceri (Honey et al., 2014) but can be
differentiated on the basis of characters; new species
exhibits II segmented gnathosoma (vs I segmented
gnathosoma), setae Φ on tibia I & II measuring 66 and 47
respectively (vs 37 and 49), Overlapping area between
propodosomal and hysterosomal shield dotted (vs smooth
area), 2 pairs of pores (vs 3 pairs of pores), setae sci and sce
present (vs both setae absent), st1 with sharp tip (vs st1
broad tip).
This new species can also be differentiated from A.
haripuriensis Ashfaq et al. (1987) on the basis of characters;
new species exhibits ω1 short, less than half the length of
tarsi (vs ω1 long, extending beyond half length of tarsi),
gnathosoma entire anteriorly (vs gnathosoma bifid
anteriorly), hysterosomal shield dotted (vs hysterosomal
shield with strong striations dors-o-laterally), st1 with sharp
tip (vs st1 with lancet like tip).
Detailed measurements of different body characters in µm
between Acotyledon augokiensis n.sp., A. ciceri (Honey et
al., 2014) and A. haripuriensis (Ashfaq et al., 1987) are
given in Table 1.
2. ACOTYLEDON HAROONABADENSIS N.SP. (Fig 2:

A-B)
Material examined: Holotype hypopus and four paratypes
from Triticum aestivum L. (Poaceae) at govt. storage
structures Haroonabad, Bahawalpur (Punjab province),
29.61° N, 73.12° E on 18th March, 2012. All type specimens
were deposited in Acarology Research Laboratory,
Department of Entomology, University of Agriculture,
Faisalabad, Punjab, Pakistan.
Etymology: The species name is described on the basis of
locality Haroonabad (Bahawalpur) from which this species
was collected.
HYPOPUS
Dorsum (Fig. 2A).
Body elongated, 265 long, 206 wide; divided into
propodosomal and hysterosomal shields. Propodosomal
shield 17 long, 171 wide provided with a small rostrum
antero-medially, dotted; setae vi, sci, scs, 25, 22 and 37 long
respectively, seta ve and scs absent, sci-sci 32, scs - scs 98
and sci-scs 29 apart. Setae sci and scs in semi-circular line.
Hysterosomal shield 240 long, 195 wide, smooth; 1 pair
visible pore. Setae simple, seta he, d1, d2, d3, d4 on
hysterosomal shield while seta hi, la, lp1, lp2, sai and sae
located off the hysterosomal shield. Setae d1 22, d2 12, d3
12, d4 10, hi 10, he 20, la 10, lp1 7, lp2 10, sae 10, sai 25
long; d1-d1 54, d2-d2 142, d3 - d3 66, d4 - d4 69, d1-d2 47,
d2- d3 54 and d3 - d4 59 apart. Hysterosomal shield anterior
margin separated from propodosomal shield.
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Venter (Fig. 2B).
Gnathosomal fused pedipalpi I segmented, 39 long, parallel
laterally, notched posteriorly, 1 pair arista, 39 long, 2 pairs
small setae. Apodeme I (ap l) 12long, V- shaped continuing
with sternum I (st l). Sternum I (st l) free, 49 long. Apodeme
2 (ap 2) not meeting apodeme 4 (ap 4). Apodeme 3 (ap 3)
meeting apodeme 4(ap 4). Apodeme 4 (ap 4) meeting
medially making a semi-circular line. Sternum 2 (st 2)
absent. Apodeme 5 (ap 5) converging medially not meeting
apodeme 4 (ap 4). Metasternal seta (mts) 15. Coxal fields I,
II, III and IV open, dotted. Area lateral to apodeme 3 (ap 3)
and apodeme 4 (ap 4) dotted. Seta hv I pair 20 long. Genital
shield dotted, genital slit elongated, genital suckers absent, I

pair paragenital setae (pr) anterior to genital disc (gdi3) 7
long. Coxal discs di1 and di2 present. Suctorial shield
concave antero-medially, rounded posteriorly, 39 long, 49
wide, I pair anterior suckers, I pair anal suckers, 2 pairs each
of lateral and posterior suckers.
Legs (Fig. 2B).
All of one type, I - IV measuring 100, 110, 100 and 113 in
length, respectively (Trochanter base to tarsus tip). Setae and
solenidia on legs I - IV segments: Coxae 0-0-0-0, trochanters
0-0-1-0, femora 1-1-0-1, genua 2-2-1-0, tibiae 3-3-1-2, tarsi
7-6-6-4. Tarsi I-IV 42, 37, 32, 38 long, respectively. Seta vF
on femora I, II and IV 34, 49 and 20 long respectively,
absent on femur III. Seta e on tarsi I and II 37 and 27 long,

Table 1.Measurements of different body characters in µm between Acotyledon augokiensis n.sp., A. ciceri (Honey
et al., 2014) and A. haripuriensis (Ashfaq et al., 1987).

Characters A. augokiensis n.sp. A. ciceri A. haripuriensis
Dorsum length 255 284 265
Dorsum width 225 216 230
Propodosomal shield Smooth Smooth Dotted
Hysterosomal shield Dotted Dotted Dotted
vi 12 25 22
ve 7 17 --
sci 15 -- 18
sce 27 -- 28
scs -- 34 --
d1 12 12 16
d2 15 10 11
d3 10 12 11
d4 12 10 13
hi 12 10 9
he -- 12 9
la 12 10 7
lp1 10 10 9
lp2 7 10 6
sai 29 25 28
sae 7 12 8
Gnathosoma II segmented, rounded

posteriorly
I segmented, parallel I segmented, elongate

mG I & II 25 & 20 20 22
hT I & II 25 & 22 27 & 25 26 & 23
e I & II 25 25 30 & 25
ω I & II 17 & 19 -- 18
Φ I & II 66 & 47 37 & 49 72 & 52
Ti I setae I cup-shaped + 1 leaf-like + 3

lancet like
I cup-shaped + 2 leaf-like + 2

lancet like
2 leaf-like + 1 lancet like

Ti II setae 1 cup shape + 1 leaf like + 2
lancetlike

1 cup-shaped + 1 leaf-like + 2
lancet like

I cup-shaped + 1 lancet like

Ti III setae 4 lancet like 1 cup-shaped + 1 leaf-like 3 leaf-like + 1 lancet like
Ti IV setae 4 lancet-like 1 cup-shaped + 1 leaf-like + 1

lancet like
2 leaf-like + 1 lancet like
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absent on femora III, IV. Seta mG on genua I and II 20 and
20 long each, hT on tibiae I and II 25 and 22 long
respectively. Setae σ on Genu I and II 12 long, Solenidion ω
on tarsi I and II 17 and 20 long, respectively. Setae φ on tibia
I and II 64 and 39 long, respectively. Tarsi I-IV provided
with I cup-shaped + 1 leaf-like + 3 lancet like; 1 cup shaped
+ 1 leaf like + 4 lancet like; 1 leaf like; 1 leaf like setae.
Remarks:
This new species is very close to already known species
Acotyledon kamokiensis (Bashir et al., 2012) but can be
differentiated on the basis of characters; new species
exhibits coxal field III open (coxal field III closed), apodeme
2 reaching to the anterior margin of apodeme 4 (vs ap2 not
reaching to the anterior margin of ap4), gnathosoma notched
posteriorly (vs gnathosoma straight posteriorly), dorsum
with 1 pairs of pores (vs dorsum with 3 pairs of pores).

Detailed measurements of different body characters in µm
between Acotyledon haroonabadensis n.sp., A. kamokiensis
(Bashir et al., 2012) and A. embio (Ashfaq et al., 1998) are
given in Table 2.
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