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Abstract

Eight cobweb spider species building a detritus-based, bell-shaped retreat from China are reported in the
current paper, including five new Campanicola species and three known species: Campanicola anguilliformis
Li & Liu, sp. nov., Campanicola falciformis Li & Liu, sp. nov., Campanicola heteraidea Li & Liu, sp. nov.,
Campanicola tauricornis Li & Liu, sp. nov., Campanicola volubilis Li & Liu, sp. nov., Campanicola cam-
panulata (Chen, 1993), Campanicola ferrumeqguina (Bosenberg & Strand, 1906), and Parastearoda ducta
(Zhu, 1998). Among them, the male of Parasteatoda ducta (Zhu, 1998) is described for the first time. We
provide photographs of all species and descriptions for new species in the current paper. The type of bell-
shaped retreat is rare in theridiid, and found only in four related genera. A natural next step upon complet-

ing this taxonomic study would be to analyse and understand the evolution of the retreat and related traits.
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Introduction

Orb—wcaving spic[f:rs often cmploy a variety of ‘trash’ materials such as soil particlcs,
plant detritus, prey remains and egg sacs into webs, which can cffcctivciy deceive prcda—
tors, thereby increasing their chances of survival (Ma et al. 2020). This trash-decorating
behaviour has mainly been reported in a few taxa, such as Cyclosa spiders (Herberstein
ct al. 2000), diguetid spiders (Gertsch 1958), the spider Azilia vachoni (Sewlal 2016)
and cobweb spiders (Yoshida 2015). Among of them, some cobweb spiders are famous
for building a bell-shaped retreat (Fig. 15), including four genera: Achaearanea Strand,
1929: Achacaranea globispira Henschel & Jocqué, 1994; Cryptachaea Archer, 1946:
Cryptachaea riparia (Blackwall, 1834), Cryptachaea ogatai Yoshida, 2016; Parasteatoda
Archer, 1946: Parasteatoda ducta (Lhu, 1998), Parasteatoda angulithorax (Bosenberg &
Strand, 1906), Parasteatoda tabulara (Levi, 1980); Campanicola Yoshida, 2015: Cam-
panicola campanulata (Chen, 1993), Campanicola ferrumequina (Bésenberg & Strand,
1906), Campanicola tanakai Yoshida, 2015, Campanicola chitouensis Yoshida, 2015,
Campanicola formosana Yoshida, 2015 (Henschel and Jocqué 1994; Zhu 1998; Yoshi-
da 2009, 2015, 2016).

In the past three years, a series of surveys on Chinese theridiid spiders WEre con-
ducted by colleagues of Hubei University in China and yielded numerous new species.
‘This is our first paper on Chinese cobweb spiders with the aim to describe the species
building bell-shaped retreats including seven Campanicola species and one Parastea-
toda specics.

Materials and methods

All specimens were kept in 100% cthanol and examined with an Olympus SZX16
stereomicroscope. Further details were studied under an Olympus BX51 compound
microscope. Male and female geniralia were examined and illustrated after dissection.
Epigynes were cleaned by Proteinase K solution. Male left palps and female epigynes
were imagcd with an Olympus BX51 compound microscope in ethanol and in Arabic
gum. For SEM, specimens were treated according to Agnarsson (2004). Male palps
were cleaned ultrasonically for 1 minute, transferred to 100% ethanol overnight, then
air-dried. Palps were glued to round-headed rivets using conductive adhesive, then
sputter coated and imaged by a ficld emission scanning electron microscope (FE-SEM
JSM7100E, JEOL, JP). Spider body photos were obrained using a Leica 205C digital
microscope. All images were assembled using Helicon Focus image smcking software.
All measurements were obtained using a Leica 205C d.igiml microscope and given in
millimeters. Eye diameters were taken at the widest point. Leg lengths are given as: to-
tal length (femur, patella, tibia, metatarsus, tarsus). All specimens studied are deposited
in Centre for Behavioural Ecology and Evolution (CBEE), College of Life Science,
Hubei University, Wuhan, China.
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Abbreviations

ALE anterior lateral cyes FD fertilization duct
AME anterior median cyes PLE posterior lateral cyes
G conductor PME posterior median eyes
CD copulatory duct S spermathecae

Chd cymbial hood ST subtegulum

cr copulatory pore T tegulum

Cy cymbium Ti tibia

E embolus LILILIV legsltoIV
Taxonomy

Family Theridiidae Sundevall, 1833
Genus Campanicola Yoshida, 2015

Diagnosis. Campanicola is similar to some Achaearanea, Cryptachaea, Parasteatoda in
building a detritus-based and bell-shaped retreat, but can be distinguished morpho-
logically from Achaearanea by the cymbium with cymbial hood and withourt a distal
projection in Campanicola, but with a cymbial hook and large distal projections in
Achaearanea; from Cryptachaea by the cymbium not extending beyond the alveolus,
the tegulum depressed and the copulatory ducts long in Campanicola, but the cym-
bium extending beyond alveolus, the tegulum spherical and the copulatory ducts short
in Cryptachaea; from Parasteatoda by the conductor tip curved dorsally, the embolus
and the copulatory ducts thin and the atrium small in Campanicola, but the conductor
tip curved ventrally, the embolus and the copulatory ducts thick, the atrium large in

Parasteatoda (Yoshida 2008, 2015; Vanuytven 2021).

Campanicola campanulata (Chen, 1993)
Figs 1-3, 15, 16

Achaearanea campanulata Chen, 1993: 36, f. 1-5 (description of male and female).

Achaearanea campanulata: Chen and Zhang 1991: 138, f. 130.1-5 (male and female;
nomen nudum); Zhu 1998: 88, f. S0A—E (male and female); Song, Zhu and Chen
1999: 86, £. 38E, FE M, N (male and female); Zhu and Zhang 2011: 71, f. 36A-E
(male and female); Yin et al. 2012: 250, f. 80A—E (male and female).

Parasteatoda campanulata: Yoshida 2008: 39 (male and female transferred from Achaearanea).

Campanicola campanulata: Yoshida 2015: 33 (male and female transferred from
Parasteatoda).
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Figure |. Campanicola campanulata (Chen, 1993) A—C female habitus (A dorsal view B lateral view

C ventral view) D-F female epigynum (D ventral view, uncleared E ventral view, cleared and embedded in
Arabic gum F dorsal view, cleared and embedded in Arabic gum). Scale bars: 0.5 mm (A=C); 0.1 mm (D-F).

Material examined. CHINA, Guizhou Province: 1 &, 13 2, Suiyang County, Wenquan
Town, Shuanghe Village, Shanwang Cave (27°57'56"N, 107°9'26"E, 756 m), 8-10
May 2018, EX. Liu, W. Ding and Z.C. Li leg.; 1 3,3 9, Suiyang County, Wenquan
Town, Dishui Village, Manwang Cave and village road (28°14'30"N, 107°0'56"E,
650 m), 11 May 2018, EX. Liu, W. Ding and Z.C. Li leg.; 1 8,6 9, Fuquan City,
Kouhuang Cave (26°33'31"N, 107°12'55"E, 1030 m), 13 May 2018, EX. Liu, W.
Ding and Z.C. Li leg.; Hunan Province: 15 0. Sangzhi County, Tianpingshan Forest
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Figure 2. Campanicola campanulata (Chen, 1993) A-C male habitus (A dorsal view B lateral view

C ventral view) D—F male left palp (D prolateral view E ventral view F retrolateral view). Scale bars:
0.5 mm (A-C); 0.1 mm (D-F).
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Figure 3. Campanicola campanulata (Chen, 1993) male left palp embedded in Arabic gum (A prolateral

view B ventral view C retrolateral view). Scale bars: 0.1 mm.

Farm (29°47'N, 110°5'12"E, 1359 m), 1-3 June 2018, EX. Liu, ].S. Lu, ].C. Zhang,
R. Zhong and Z.C. Li leg; 11 Q, Sangzhi County, Meijiashan Park (29°2424"N,
110°9'28"E, 336 m), 4 Junc 2018, EX. Liu, ].S. Lu, J.C. Zhang, R. Zhong and Z.C.
Lileg.; 2 Q. Zhangjiajic City, Zhangjiajic National Forest Park, footpath of The Yellow
Rock Village and The Golden Whip Brook (29°19'22"N, 110°25'38"E, 452780 m),
6 June 2018, EX. Liu, J.S. Lu, J.C. Zhang, R. Zhong and Z.C. Li leg;; 1 £, Chang-
sha City, Yuelu Mountain (28°11'33"N, 112°56'6"E, 210 m), 12 August 2018, Z.W.
Deng and Z.C. Li leg.; 1 Q, Hengyang City, Hengshan scenic spot, Fanyin Valley
(27°16'22"N, 112°42'41"E, 410 m), 17 August 2018, Z.W. Deng and Z.C. Li leg;
Sichuan Province: 8 &, Emecishan City, Emei Mountain Scenic Spot, footpath from
Wuxian Gang to Wannian Temple (29°35'3"N, 103°22'55"E, 940 m), 21 September
2018, EX. Liu, Z.W. Deng and Z.C. Li leg.; 17 2, Leshan City, Leshan Giant Buddha
Scenic Sport (29°32'28"N, 103°46'19"E, 380 m), 24 September 2018, EX. Liu, Z.W.
Deng and Z.C. Lileg.; 1 2, Ya'an City, Baoxing County, Panda Square (30°22'10"N,
102°48'50"E, 1060 m), 27 September 2018, EX. Liu, Z.W. Deng and Z.C. Li leg.; 5
2. Ya'an City, Baoxing County, Longmen Town (30°15'14"N, 103°1'20"E, 810 m),
28 September 2018, EX. Liu, Z.W. Deng and Z.C. Li leg.; Hubei Province: 7 <, Li-
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chuan City, Tcnglongdong Scenic Spot (30°16'10"N, 108°56'15"E, 1070 m), 5 Octo-

ber 2018, EX. Liu, Z.W. Deng and Z.C. Li leg; 2 €, Jianshi County, Chaoyangguan

(30°35'45"N, 109°42'52"E, 650 m), EX. Liu, Z.W. Deng and Z.C. Li leg.
Diagnosis. The females of C. campanulara difter from all other Campanicola spe-

cies by the copulatory pores that are circular and not clinging to the atrium margin,

and the copulatory ducts that curve only twice (Fig. 1D-F). Males differ from all other

Campanicola species by the shorter and darker conductor tip (Fig. 2D-F).
Description. Sce Zhu (1998).

Distribution. China (Sichuan, new province record; Hubei, Hunan, Guizhou,

Zhejiang, Fujian, Henan) (Fig. 16).

Campanicola ferrumequina (Bésenberg & Strand, 1906)
Figs 4-6, 15, 16

Theridion ferrum-equinum Bésenberg & Strand, 1906: 139, pl. 12, f. 261 (description
of male and female); Oi 1957: 45, £. 1-3 (f); Yaginuma 1958: 70, f. 2, 7 (female).

Theridion meum Bosenberg & Strand, 1906: 145, pl. 12, f. 294 (description of female).

Theridion ferrumequinum: Saito 1959: 70, f. 65A—C (female); Yaginuma 1960: 36, f. 34.5
(female); Yaginuma 1971: 36, f. 34.5 (f); Ono 1981c: 2, f. 1 (female, synonymy).

Achaearanea ferrumequina: Yoshida 1983: 40 (male and female transterred from 7her-
idion); Yaginuma 1986: 34, f. 19.8 (female); Chikuni 1989: 31, f. 5 (male and
female); Zhu 1998: 99, £. 56A—C (female); Song, Zhu and Chen 1999: 90, f. 39G,
H (female); Yoshida, 2000: 140, f. 47 (male and female); Namkung 2002: 85, £.
13.3A, B (male and female); Namkung 2003: 87, f. 13.3A, B (male and female);
Yoshida 2003: 102, f. 250-253, 574 (male and female); Yin et al. 2012: 255, f.
84A—E (male and female).

Parasteatoda ferrumequina: Yoshida 2008: 39 (male and female transferred from Achae-
aranea); Yoshida 2009: 382, f. 258-259 (male and female).

Campanicola ferrumequina: Yoshida 2015: 33 (male and female transferred from
Parasteatoda).

Material examined. CHINA, Hunan Province: 3 &, 32 Q. Zhangjiajie City, Zhangjia-
jic National Forest Park, footpath of The Yellow Rock Village and The Golden Whip
Brook (29°19'22"N, 110°25'38"E, 452-780 m), 6 June 2018, EX. Liu, ].S. Lu, J.C.
Zhang, R. Zhong and 2 Li leg.; Fujian Province: 1 4,159, Wuyishan City, Wuyi
Mountain Natural Reserves (26°39'42"N, 117°56'24"E, 399 m), 28-31 August 2019,
Y. Zhong and E]J. Liu leg.

Diagnosis. The temales of C. ferrumequina differ from all other Campanicola spe-
cies by the almost overlapping copulatory ducts except the short segment starting from
the copulatory pores (Fig. 4F, H). Males differ from all other Campanicola species by
the long conductor tip and the part of the conductor above the cymbium with helical

lines (Figs 5D-F, 6A-C).
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Figure 4. Campanicola ferrumequina (Bosenberg & Strand, 1906) A=C female habitus (A dorsal view
B lateral view C ventral view) D-H female epigynum (D ventral view, uncleared E ventral view, cleared
F dorsal view, cleared G ventral view, cleared and embedded in Arabic gum H dorsal view; cleared and

embedded in Arabic gum). Scale bars: 0.5 mm (A-C); 0.1 mm (D-H).
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Figure 5. Campanicola ferrumequina (Bosenberg & Strand, 1906) A-=C male habitus (A dorsal view
B lateral view C ventral view) D=F male left palp (D prolateral view E ventral view F retrolateral view).
Scale bars: 0.5 mm (A-C); 0.1 mm (D-F).
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Figure 6. Campanicola ferrumequina (Bésenberg & Strand, 1906) male left palp embedded in Arabic
gum (A prolateral view B ventral view C retrolateral view). Scale bars: 0.1 mm.

Description. See Zhu (1998) and Yoshida (2000).
Distribution. China (Hunan, Fujian, Sichuan, Hainan), Korea, Japan (Fig. 16).

Campanicola anguilliformis Li & Liu, sp. nov.
http://zoobank.org/989FD31C-343E-40E1-9063-E0ED7924B6DD

Figs 7, 16

Type material. Holotype: =, CHINA, Fujian Province: Wuyishan City, Wuyi Moun-
tain Natural Reserves (26°39'42"N, 117°56'24"E, 399 m), 28 August 2019, Y. Zhong
and EJ. Liu leg. Paratypes: 1 2, same dara as holotype.

Diagnosis. This new species is similar to C. ﬁ’rﬁ*umequim, C. tauricornis sp. nov.
and C. volubilis sp. nov. in having spherical spermathecac, and long and looped copula-
tory ducts, but can be distinguished from them by the direction of the copulatory duct:
it starts from the middle and anterior part of the atrium, extends posteriorly, then curves
several times and enters the spermathecac laterally and ventrally in C. anguilliformis sp.
nov. (Fig. 7E-H); it starts from the lateral and anterior part of the atrium, extends an-
teriorly, then curves several times and enters the spermathecae laterally and dorsally in
C. ferrumequina (Fig. 4E-H); it starts from the lateral and anterior part of the atrium,
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Figure 7. Campanicola anguilliformis sp. nov. A=C female habitus (A dorsal view B ventral view C lat-
eral view) D-H female epigynum (D ventral view, not dissected E ventral view, cleared F dorsal view,
cleared G ventral view, cleared and embedded in Arabic gum H dorsal view, cleared and embedded in
Arabic gum). Scale bars: 0.5 mm (A-C); 0.1 mm (D-H).

extends anteriorly, then curves several times and enters the spermathecae laterally and
ventrally in C. tauricornis sp. nov. and C. velubilis sp. nov. (Figs 10D-G, 11D-G).
Etymology. The specific name is derived from the Latin adjective anguilliformis,
meaning eel-like, referring to the eel-like copulatory ducts; adjective.
Description. Male unknown. Female (holotype): Total length 2.06. Prosoma
0.91 long, 0.80 wide, brownish yellow, with black margin. Sternum 0.55 long, 0.51

wide, yellow, peltate, with sparse sctac. Opisthosoma 1.45 long, 1.16 wide, dorsum
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black, with two pairs of transverse patterns in the slmpc of mustache and a longirudina}
stripe, irrcgular white spots distributed in the patterns and the stripe; venter ye].lowish.
with few bright white spots. Anal tubercle ycliow. Spinncrets surrounded with black
ring, without colulus (Fig. 7A-C). Diameters of eyes: AME 0.07, ALE 0.08, PME
0.09, PLE 0.07. Interdistances of eyes: AME-AME 0.06, AME-ALE 0.03, PME-PME
0.07, PME-PLE 0.05. Clypeus 0.16 high, yellow. Chelicerae yellow, promargin with
2 teeth. Endites yellow. Labium 0.19 long, 0.05 wide, yellow and rectangular, fused
with sternum. Measurements of legs: 1 3.58 (1.12, 0.29, 0.80, 0.89, 0.48), II 2.50
(0.77, 0.29, 0.47, 0.56, 0.41), III 1.90 (0.60, 0.22, 0.32, 0.42, 0.34), IV 3.00 (0.98,
0.32, 0.62, 0.66, 0.42). Leg formula: I-IV-II-1III. Femur and patella light yellow, tibia,
metatarsus and tarsus orange yellow. Femur, tibia and metatarsus with dark brown
ring. Epigynum: atrium depression, small and oval; copulatory pores distinguishable,
close to each other, located on the middle and anterior part of atrium; copulatory ducts
long, winding, lightly sclerotized, connected with spermathecac from anterior-ventral

part; spcrmathccae sphcrical; fertilization ducts short, curved and tapering ( Fig. 7E, B).
Distribution. China (Sichuan) (Fig. 16).

Campanicola falciformis Li & Liu, sp. nov.
htep://zoobank.org/F115BCB2-5F8E-405A-86F1-49B1CF49FSED
Figs 8, 16

Type material. Holotype 2, CHINA, Sichuan Province: Emeishan City, Emeci Moun-
tain Scenic Spot, footpath from Wuxian Gang to Wannian Temple (29°35'3"N,
103°22'55"E, 940 m), 21 September 2018, EX. Liu, Z.W. Deng and Z.C. Li leg.
Paratypes: 12 2 same data as holotype; Sichuan Province: 2 2, Leshan City, Leshan
Giant Buddha Scenic Spot (29°32'28"N, 103°46'19"E, 380 m), 24 September 2018,
EX. Liu, Z.W. Deng and Z.C. Li leg.; 1 2, Yaan City, Baoxing County, Fengrong
Stronghold (30°34"21"N, 102°52'59"E, 1540 m), 26 September 2018, EX. Liu, Z.W.
Deng and Z.C. Li leg;; 3 2, Ya'an City, Baoxing County, Panda Square (30°22'10"N,
102°48'50"E, 1060 m), 27 September 2018, EX. Liu, Z.W. Deng and Z.C. Li leg;
12, Ya'an City, Baoxing County, Longmen Town (30°15'14"N, 103°1'20"E, 810 m),
28 September 2018, EX. Liu, Z.\. Deng and Z.C. Li leg.

Diagnosis. This new species can be distinguished from other Campanicola species,
in the female, by the position of the copulatory pores: located on the lateral and pos-
terior part of atrium in this new species while located anteriorly in other Campanicola
species; and the relative position of the copulatory ducts to the spermathccac: partial
copulatory ducts overlap the posterior-ventral half of the spermathacea in this new spe-
cies (Fig. 8E, G), but nearly all copulatory ducts are below the spermathecae in other
Campanicola species.

Etymology. The specific name is derived from the Latin adjective falciformis, mean-
ing doubly falcate, referring to the falcate copulatory ducts in ventral view; adjective.

Description. Male unknown. Female (holotype): Total length 2.29. Prosoma
0.92 long, 0.79 wide, brown, with dark brown margin. Sternum 0.49 long, 0.47 wide,
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Figure 8. Campanicola falciformis sp. nov. A=C female habitus (A dorsal view B ventral view C lateral

view) D-H female epigynum (D ventral view, uncleared E ventral view, cleared F dorsal view, cleared
G ventral view, cleared and embedded in Arabic gum H dorsal view, cleared and embedded in Arabic
gum). Scale bars: 0.5 mm (A-C); 0.1 mm (D-H).

yellow, peltate, with sparse setae. Opisthosoma 1.45 long, 1.38 wide, yellowish-brown,
dorsum center with an angle bracket-shaped pale-yellow stripe cither side of the mid-
line, dorsum posterior with lateral pale-yellow stripe, and many bright white spots are

distributed in the stripes (Fig. 8A). Anal tubercle yellow. Spinnerets surrounded with
blackish brown ring, without colulus. Diameters of eyes: AME 0.06, ALE 0.09, PME
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0.10, PLE 0.10. Interdistances of eyes: AME-AME 0.08, AME-ALE 0.03, PME-PME
0.08, PME-PLE 0.04. Clypeus 0.16 high, yellow. Chelicerac yellow, promargin with
2 tecth. Endites orange yellow. Labium 0.20 long, 0.06 wide, yellow and rectangular,
fused with sternum. Measurements of legs:  3.67 (1.17, 0.29, 0.79, 0.93, 0.49), I1 2.52
(0.80, 0.25, 0.49, 0.58, 0.40), III 2.03 (0.62, 0.29, 0.35, 0.38, 0.39), IV 3.01 (1.01,
0.27, 0.65, 0.66, 0.42). Leg formula: [-IV-II-I1I. Femur, patella, tibia and metatarsus
light yellow, tarsus yellow. Femur, tibia and metatarsus with dark brown ring. Epigy-
num: atrium depression and oval; copulatory pores apparent, widely separated with
cach other, located on the lateral and posterior part of atrium; copulatory ducts long and
Winding, the part of co pulatory ducts near copulatory pores is more sclerotized than the
part near spermathecae, the part near spermathecae overlaps half of the spermathecac,
and connected with spermathecae from posterior and lateral part; spermathecae nearly

spherical to oval; fertilization ducts short, tapering gradually (Fig. 8E, F).
Distribution. China (Sichuan) (Fig. 16).

Campanicola beteroidea Li & Liu, sp. nowv.
http://zoobank.org/67E9B368-0AF8-4EFA-BD84-93584BFCAFF8

Figs 9, 16

Type material. Holotype: 2, CHINA, Guizhou Province: Liupanshui City, Zhong-
shan District (26°35'50"N, 104°49'10"E, 1760 m), 26 August 2020, B. Liang and
J.H. Wang leg.

Diagnosis. This new species can be d_istinguishcd from other Cdmpanicala species
by the following characteristics: epigynum dissymmetric; copulatory pores located on
the anterior margin of the atrium; copulatory ducts short, winding simply (Fig. 9D, E).

Etymology. The specific name is derived from the Latin adjective beteroideus, mean-
ing asymmetrical, referring in essence to the dissymmetric epigynum structure; adjective.

Description. Male unknown. Female (holotype): Total length 4.12. Prosoma
1.66 long, 1.54 wide, brown, with few black patches in the centre. Sternum 0.90 long,
0.93 wide, yellow, with black patches and sparse setac. Opisthosoma 2.45 long, 2.22
wide, oval, armed with black setae, dorsum yc]lowish with a middle longitud.ina_l black
belt which is surrounded with bright white spots, and more laterally mottled. Venter
yellowish-brown, with a broad black transverse stripe next to epigastric furrow. Anal
tubercle yellowish. Spinnerets yellow, surrounded with black ring, without colulus

(Fig. 9A—C). Diameters of eyes: AME 0.07, ALE 0.06, PME 0.05, PLE 0.05. Interd-
istances of eyes: AME-AME 0.04, AME-ALE 0.05, PME-PME 0.05, PME-PLE 0.06.
Clypcus 0.16 high, ycﬂow, with black posterior margin. Chelicerae ycﬂowish, pro-
margin with 2 teeth. Endites brown. Labium 0.21 long, 0.09 wide, yellowish-brown,
rectangular, fused with sternum. Measurements of legs: [ 4.84 (1.53, 0.22, 1.18, 1.23,
0.68), I1 3.16 (0.99, 0.26, 0.69, 0.67, 0.55), 111 2.63 (0.82, 0.25, 0.50, 0.58, 0.48), IV
4.03 (1.35, 0.38, 0.80, 0.90, 0.60). Leg formula: I-IV-1I-11I. Legs yellowish, with dark

brown ring. Epigynum: atrium depression and oval; copulatory pores pronounced,
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Figure 9. Campanicola heteroidea sp. nov. A=C female habitus (A dorsal view B lateral view C ventral
view) D=G female epigynum (D ventral view, cleared E dorsal view, cleared F ventral view, cleared and
embedded in Arabic gum G dorsal view, cleared and embedded in Arabic gum). Scale bars: 0.5 mm
(A-C); 0.1 mm (D-G).
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located on anterior margin of atriumy; copu_latory ducts short, winding simply, lightﬁy
sclerotized and dissymmctric. connected with spermathccac from anterior part; sper-
mathecae sphcrical; fertilization ducts short and thin (Fig. 9D, E).

Distribution. China (Guizhou) (Fig. 16).

Campanicola tauricornis Li & Liu, sp. nowv.

htep://zoobank.org/ DE68CCD7-7823-49F8-932D-14F7A2402C72

Figs 10, 16

Type material. Holotype: <, CHINA, Hainan Province: Limushan National Forest
Park (19°10'N, 109°39'E), 20 July 2020, J. Liu leg.

Diagnosis. This new specices is similar to C. volubilis sp. nov. in having the spheri-
cal spermathecae, the long and looped copulatory ducts which start from the lateral
and anterior part of the atrium, extend anteriorly, then curve several times and enter
the spermathecac laterally and ventrally, but can be distinguished from the latter by the
following characteristics: 1. The copulatory pores are slightly separated from cach other
in this new species (Fig. 10D, F), but close to each other in C. volubilis sp. nov. (Fig.
11D, F); 2. The spermathecae are widely separated in this new species (Fig. 10D-G),
but slightly separated in C. volubilis sp. nov. (Fig. 11D-G).

Etymology. The specific name is derived from the Latin adjective zauricornis,
meaning ox horn-shaped, referring to the shape of the copulatory ducts in dorsal view;
adjcctivc.

Description. Male unknown. Female (holotype): Total length 4.02. Prosoma
1.59 long, 1.52 wide, brownish black. Sternum 0.86 long, 0.95 wide, yellow, with
sparse setac. Opisthosoma 2.18 long, 2.16 wide, oval, mottled, armed with sparse
black setae, both dorsum and venter with irregular black plaque and white spots. Anal
tubercle yellowish. Spinnerets brownish, without colulus (Fig. 10A-C). Diameters of
cyes: AME 0.09, ALE 0.07, PME 0.10, PLE 0.08. Interdistances of eyes: AME-AME
0.08, AME-ALE 0.03, PME-PME 0.07, PME-PLE 0.05. Clypeus 0.19 high, brown.
Chelicerae yellow, promargin with 2 teeth. Endites brown. Labium 0.24 long, 0.08
wide, yellowish-brown, rectangular, fused with sternum. Measurements of legs: 1 4.78
(1.54, 0.34, 1.00, 1.20, 0.70), II 3.32 (1.10, 0.32, 0.64, 0.76, 0.50), IIT 2.48 (0.84,
0.21, 0.48, 0.55, 0.40), IV 3.711 (1.27, 0.34, 0.75, 0.83, 0.53). Leg formula: I-IV-
[-III. Legs yellow to brown, with brownish black ring pattern. Epigynum: atrium
depression and oblate; copulatory pores distinguishable, located on anterior margin of
atrium; copulatory ducts long, winding complexly, the part of copulatory ducts near
copulatory pores is evidently more sclerotized than the part near spermathecae, con-
nected with spermathecae from posterior part; spermathecae spherical, spacing obvi-
ous; fertilization ducts short, curved and tapering (Fig. 10D, E).

Distribution. China (Hainan) (Fig. 16).
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F

Figure 10. Campanicola tauricornis sp. nov. A—C female habitus (A dorsal view B ventral view C lat-
eral view) D-G female epigynum (D ventral view, cleared E dorsal view, cleared F ventral view, cleared
and embedded in Arabic gum G dorsal view, cleared and embedded in Arabic gum). Scale bars: 0.5 mm
(A=C); 0.1 mm (D-G).
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Campanicola volubilis 1i & Liu, sp. now.
http://zoobank.org/93EBEID7-723A-4A20-B7AF-7B24D165F85D
Figs 11, 15, 16

Type material. Holotype: &, CHINA, Yunnan Province: Xishuangbanna Dai Au-
tonomous Prefecture, Menghai county, Bulang Nationality Township (21°34' 37"N,
100°20'24"E, 1130 m), 29 July 2020, Z.W. Deng, W. Zhang, YT Zhang, R. Zhong
and Z.C. Li leg. Paratypes: 2 ©, same dara as holotype.

Diagnosis. See the d.ia,gnosis under C. tauricornis sp. nov.

Etymology. The specific name is derived from the Latin adjective volubilis, mean-
ing winding, referring to the shape of the part of the copulatory ducts near the copula-
tory pores in ventral view; adjective.

Description. Male unknown. Female (holotype): Tortal length 3.74. Prosoma
1.74 long, 1.44 wide, brownish black. Sternum 0.99 long, 0.88 wide, ycllow, some
reddish-brown patches on the margin, with sparse sctac. Opisthosoma 2.02 long, 1.96
wide, oval, brownish black, with black sctac, both dorsum and venter with white spots.
Anal tubercle and spinnerets brownish black, without colulus (Fig. 11A—C). Diameters
of eyes: AME 0.08, ALE 0.07, PME 0.10, PLE 0.07. Interdistances of eyes: AME-
AME 0.08, AME-ALE 0.02, PME-PME 0.09, PME-PLE 0.05. Clypeus 0.20 high,
brownish black. Chelicerae brown to yellow from base to end, promargin with 2 teeth.

Endites yellow-brown. Labium 0.21 long, 0.06 wide, brown, rectangular, fused with
sternum. Measurements of legs: 1 5.05 (1.63, 0.35, 1.03, 1.38, 0.66), II 3.19 (1.01,

0.25, 0.64, 0.78, 0.51), III 2.48 (0.79, 0.27, 0.45, 0.54, 0.43), IV 3.82 (1.31, 0.34,
0.79, 0.87, 0.51). Leg formula: I-IV-II-IIL. Legs yellowish, with brownish black ring
pattern. Epigynum: atrium depression and oblate; copulatory pores big and distin-
guishable, located on anterior margin of atrium; copulatory ducts long, winding com-
plexly, the part of copulatory ducts near copulatory pores is evidently more sclerotized
than the part near spermathecae, connected with spermathecae from posterior part;

spermathecac spherical; fertilization ducts short, curved and tapering (Fig. 11D, E).
Distribution. China (Yunnan) (Fig. 16).

Genus Parasteatoda Archer, 1946

Parasteatoda ducta (Zhu, 1998)
Figs 12-16

Achaearanea ducta Zhu, 1998: 107, f. 64A—C (description of female); Song, Zhu and
Chen 1999: 90, f. 39E, F (female).
Parasteatoda ducta: Yoshida 2008: 39 (female transferred from Achacaranea).

Material examined. CHinA, Hainan Province: 2 7, 10 2, Lingshui County, Diaolu-
oshan National Forest Park (18°40'02"N, 109°55'26"E, 80 m), 24 April 2019, EX.
Liu, J. Liu and EJ. Liu leg.



Eight cobweb species with bell-shaped retreat (Araneae, Theridiidae) 113

7%

e L ’
" Y 1 o)
WERY .\
\ 1 x W .
N7\

F 3 LS - - =

Figure 1. Campanicola volubilis sp. nov. A=C female habitus (A dorsal view B lateral view C ventral
view) D=G female epigynum (D ventral view, cleared E dorsal view, cleared F ventral view, cleared and

embedded in Arabic gum G dorsal view, cleared and embedded in Arabic gum). Scale bars: 0.5 mm
(A-C); 0.1 mm (D-G).
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Figure |2. Parasteatoda ducta (Zhu, 1998) A—C female habitus (A dorsal view B ventral view C lateral
view) D—-G female epigynum (D ventral view, cleared E dorsal view, cleared F ventral view, cleared and
embedded in Arabic gum G dorsal view, cleared and embedded in Arabic gum). Scale bars: 0.5 mm
(A-C); 0.1 mm (D-G).
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Figure 13. Parastearoda ducta (Zhu, 1998) A=C male habitus (A dorsal view B lateral view C ventral
view) D—F male left palp (D prolateral view E ventral view F retrolateral view). Scale bars: 0.5 mm
(A—C); 0.1 mm (D-F).

Diagnosis. Males of P ducta are similar to Parasteatoda cingulata (Zhu, 1998) and
Parasteatoda transipora (Lhu & Zhang, 1992) in having a long and looped embolus

(Figs 13D-E 14), but can be distinguished from them by the long and slender con-
ductor with a sharp end (Figs 13D, E, 14). Females of P ducta differ from all other
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Figure 14. Parastearoda ducta (Zhu, 1998) male left palp (ventral view, embolus broken). Imaged by field
emission scanning electron microscope: FE-SEM JSM7100FE JEOL, T Scale bars: 0.1 mm.

Parasteatoda specics by the relatively smaller spermathecac enclosed laterally by the
copulatory ducts (Fig. 12D, E).

Description. Male: Total length 1.25. Prosoma 0.71 long, 0.56 wide, brown-
ish yellow, with dark brown margin. Sternum 0.41 long, 0.36 wide, yellow, peltate.
Opisthosoma 0.59 long, 0.48 wide, oval, dorsum yellow to brown, with long setae and
black partches, venter black. Anal tubercle yellow. Spinnerets brown, without colulus
(Fig. 13A—C). Diameters of eyes: AME 0.09, ALE 0.07, PME 0.07, PLE 0.06. Interd-
istances of eyes: AME-AME 0.06, AME-ALE 0.03, PME-PME 0.05, PME-PLE 0.04.
Clypcus 0.14 high, dark brown. Chelicerae tawny, promargin with 2 teeth. Endites
yellow to dark brown. Labium 0.15 long, 0.04 wide, yellow, rectangular, fused with
sternum. Measurements of legs: I 2.43 (0.75, 0.21, 0.56, 0.51, 0.40), II 1.77 (0.53,
0.20, 0.37, 0.35, 0.32), IIT 1.395 (0.44, 0.17, 0.26, 0.26, 0.26), IV 1.79 (0.56, 0.20,
0.37, 0.34, 0.32). Leg formula: [-IV-II-III. Femur white to light yellow, patella, tibia,

tarsus and metatarsus yellow, with dark brown ring pattern. Palp: yellowish-brown, tibia
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Figure 15. Ficld photographs A, B C. velubilis sp. nov. (A web and bell-shaped retreat B female in the
web €, D P ducta (C male outside retreat, female with egg sac in retreat D male on leaf) E retreat of
C. ferrumequina F, G retreat of C. campanulata. Photograph by Zichang Li.
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Figure 16. Collection localities. C. anguilliformis sp. nov. (1); C. campanulata (2-15); C. falciformis sp.

nov. (2-5, 16); C. ferrumequina (1, 1 1); C. hetervidea sp. nov. (17); C. tauricornis sp. nov. (18); C. volu-
bilis sp. nov. (19); P ducra (20).

scoop-shaped, with long setae at both sides; cymbium small, brownish black, with a row
of neat, thick, curved and long sctac on the anterior margin; embolus long and bends
more than one round, middle part flat, distal part thin; conductor sclerotized and taper-
ing; tegulum large, subtegulum small, both with a groove for embolus (Figs 13D-F, 14).

Female: Toral length 2.04. Prosoma 0.92 long, 0.78 wide, brownish yellow, with
dark brown margin. Sternum 0.49 long, 0.47 wide, yellow and peltate, with sparse
sctac. Opisthosoma 1.47 long, 1.18 wide, oval, dorsum brownish black, with a dis-
continuous wavy yellow transverse near the midpoint which contains sporadic white
spots, venter brown. Anal tubercle and spinnerets yellow, surrounded with black ring,
without colulus (Fig. 12A-C). Diameters of eyes: AME 0.07, ALE 0.07, PME 0.08,
PLE 0.08. Interdistances of eyes: AME-AME 0.06, AME-ALE 0.03, PME-PME 0.08,
PME-PLE 0.06. Clypeus 0.13 high, yellow. Chelicerae yellow, promargin with 2 teeth.
Endites yellow. Labium 0.18 long, 0.06 wide, yellow, rectangular, fused with sternum.
Measurements of legs: 1 2.92 (0.92, 0.27, 0.60, 0.67, 0.46), 11 2.11 (0.64, 0.25, 0.39,
0.45, 0.38), I 1.78 (0.53, 0.23, 0.32, 0.37, 0.33), IV 2.68 (0.83, 0.29, 0.55, 0.59,
0.42). Leg formula: I-IV-II-III. Femur white to light yellow, patella, tibia, metatarsus
and tarsus orange yellow with dark brown ring. Epigynum: atrium big, depression and
oval, its width is only a little narrower than epigynum’s; copulatory pores located on
the anterior margin of atrium; copulatory ducts long, winding, surround spermathe-
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cae, and connected with spermathecac from the posterior part; spermathecac small,
spherical; fertilization ducts long and thin (Fig. 12D-G).
Distribution. China (Hainan) (Fig. 16).

Discussion

Eight cobweb spider species building detritus-based, bell-shaped retreats from China
are rcportcd in the current paper, including five new Campanimia species, two known
Gampﬂnimﬁa species and one known Parasteatoda species. However, all new s pecies are
reported only based on the female specimens because the male individuals are relatively
difhculrt to collected in the field. According to our experience both in field collection
and feeding in the lab, the males after marturity often stop weaving webs and leave
their retreats to search for females. We investigated more than 500 retreats of C. cam-
panulata in the ficld for research focused on its web-weaving behaviour, and only 21
males were collected, often found together with females (manuscript in preparation).
Therefore, more rhorough coﬂccting or rearing juvcnilcs in the lab may be needed to
find further male individuals for these new species in the future.

The type of bell-shaped retreat is rare in the family Theridiidae, and found only
in four related genera: Achaearanea, Cryptachaea, Parasteatoda and Campanicola (Hen-
schel and Jocqué 1994; Zhu 1998; Yoshida 2009, 2015, 2016). All of them belong
to the subfamily Theridiinac according to both merphoelogical and molecular phylog-
cny (Agnarsson 2004; Liu et al. 2016). The relationship between these four genera is
rf:lativciy complicated. And their respective monophyiy remains to be verified. Many
species in Parasteatoda and Cryptachaea were transterred from Achaearanea, and some
species in Parasteatoda were transferred to Campanicola (Yoshida 2008; Backup et al.
2010; Yoshida 2015). Morcover, some Parasteatoda species are quite different from
others, for example, the spermathecac of Parasteatoda transipora (Zhu & Zhang, 1992)
and Parasteatoda cingulata (Zhu, 1998) is significanty smaller than other Parasteatoda
species’ (Zhu 1998). In addition, information on web-weaving behaviour (especially
focused on the detritus-based, bell-shaped retreat) and ecology (such as the trade-off
between the safcry and prcdation) of these spiders is still limited. Therefore, a natural
next step upon completing this taxonomic study would be to analyse and understand
the evolution of the retreat and related rtraits.

Acknowledgements

We thank Mr Fengxiang Liu, and He Zhang, Yang Zhong, Wei Ding, Jingsi Lu, Rui
Zhong, Jiacheng Zhang, ZhOngci Deng, Fengjie Liu, Wang Zhang, Yuting Zhang,
Bing Liang and Jinhui Wang for the spider collections. This study was financially sup-
ported by CAS Key Laboratory of Tmpical Forest Ecology, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Sciences (19CAS-TFE-3) and the National
Natural Sciences Foundation of China (NSFC-31573236/31273268/31772420).



120 Zichang Lietal. / ZooKeys 1055: 95-121 (2021)

References

Agnarsson [ (2004) Morphological phylogeny of cobweb spiders and their relatives (Araneae,
Araneoidea, Theridiidae). Zoological Journal of the Linnean Society 141(4): 447-626.
hteps://doi.org/10.1111/j.1096-3642.2004.00120.x

Backup EH, Marques MAL, Rodrigues ENL (2010) Trés espécies novas de Cryprachaea e notas
taxonémicas em Theridiidae (Araneae). Theringia, Série Zoologia 100: 341-355. hteps://
doi.org/10.1590/50073-47212010000400009

Basenberg W, Strand E (1906) Japanische Spinnen. Abhandlungen der Senckenbergischen
Naturforschenden Gesellschaft 30: 93-422.

Chen ZF (1993) A new species of the genus Achaearanea from Zhejiang Province (Araneae:
Theridiidae). Acta Zootaxonomica Sinica 18: 36-38.

Chen ZE, Zhang ZH (1991) Fauna of Zhejiang: Araneida. Zhejiang Science and Technology
Publishing House, 356 pp.

Chikuni Y (1989) Picrorial encyclopedia of spiders in Japan. Kaisei-sha Publishing Co., Tokyo,
310 pp.

Gertsch W] (1958) The Spider Family Diguetidae. American Museum Novitates 1904: 1-24.

Henschel JR, Jocqué R (1994) Bauble spiders: a new species of Achaearanea (Araneae: Theridii-
dae) with ingenious spiral retreats. Journal of Natural History 28: 1287-1295. hrtps://doi.
org/10.1080/00222939400770651

Herberstein ME, Craig CL, Coddington JA, Elgar MA (2000) The functional significance of
silk decorations of orb-web spiders: a critical review of the empirical evidence. Biological
reviews of the Cambridge Philosophical Society 75: 649—-669. https://doi.org/10.1111/
j-1469-185X.2000.tb00056.x

Liu J, May-Collado L], Pekar S, Agnarsson I (2016) A revised and dated phylogeny of cobweb
spiders (Araneae, Araneoidea, Theridiidae): a predatory Cretaceous lineage diversifying in
the era of the ants (Hymenoptera, Formicidae). Molecular Phylogenetics and Evolution
94: 658-675. https://doi.org/10.1016/j.ympev.2015.09.023

Ma NN, Yu L, Gong DY, Hua Z, Zeng H, Chen L, Mao A, Chen Z, Cai R, Ma Y, Zhang
Z, Li D, Luo J, Zhang S (2020) Detritus decorations as the extended phenotype deflect
avian predator attack in an orb-web spider. Functional Ecology 00: 1-10. https://doi.
org/10.1111/1365-2435.13636

Namkung ] (2002) The spiders of Korea. Kyo-Hak Publishing Co., Seoul, 648 pp.

Namkung J (2003) The Spiders of Korea (2 ed.). Kyo-Hak Publishing Co., Seoul, 648 pp.

Oi R (1957) On some spiders (including a new species) from Buttuji. Acta Arachnologica 14:
45-50. hteps://doi.org/10.2476/asjaa. 14.45

Ono H (1981) Revision Japanischer Spinnen 1. Synonymie einiger Arten der Familien Theridii-
dae, Araneidae, Tetragnathidae und Agelenidae (Arachnida: Araneae). Acta Arachnologica
30: 1-7. htps://doi.org/10.2476/asjaa.30.1

Saito S (1959) The Spider Book Illustrated in Colours. Hokuryukan, Tokyo, 194 pp.

Sewlal TN (2016) Possible Functions of the Detritus Stabilimentum and Hanging Detritus in
Webs of Azilia vachoni (Araneae: Tetragnathidae). Arachnology 17(1): 1-6. hreps://doi.
org/10.13156/arac.2006.17.1.1



Eight cobweb species with bell-shaped retreat (Araneae, Theridiidae) 121

Song DX, Zhu MS, Chen ] (1999) The spiders of China. Hebei Science and Technology Pub-
lishing House, Shijiazhuang, 640 pp.

Vanuytven H (2021) The Theridiidae (Araneae) of the World. A key to the genera with the
diagnosis and a study of the body length of all known species. Newsletter Belgian Arach-
nological Society, 51 pp. [114, 87, 219 pp.]

Yaginuma T (1958) Spiders from Shimokita Peninsula, Aomori Prefecture, Japan. Miscellane-
ous Reports of the Research Institute for Natural Resources Tokyo 46—47: 69-77.

Yaginuma T (1960) Spiders of Japan in colour. Hoikusha, Osaka, 186 pp.

Yaginuma T (1971) Spiders of Japan in colour (enlarged and revised edition). Hoikusha, Osaka
(for 1969), 197 pp.

Yaginuma T (1986) Spiders of Japan in color (new ed.). Hoikusha Publishing Co., Osaka, 305 pp.
Yin CM, Peng X]J, Yan HM, Bao YH, Xu X, Tang G, Zhou QS, Liu P (2012) Fauna Hunan:
Araneae in Hunan, China. Hunan Science and Technology Press, Changsha, 1590 pp.
Yoshida H (1983) A new species of the genus Achaearanea (Araneae: Theridiidae) from Japan.

Acta Arachnologica 32: 37—42. hups://doi.org/10.2476/asjaa.32.37

Yoshida H (2000) The spider genus Achaearanea (Araneae: Theridiidae) from Japan. Acta
Arachnologica 49: 137-153. htps://doi.org/ 10.2476/asjaa.49.137

Yoshida H (2003) The spider family Theridiidae (Arachnida: Araneae) from Japan. Arachno-
logical Society of Japan, 224 pp.

Yoshida H (2008) A revision of the genus Achaearanea (Araneae: Theridiidae). Acta Arachno-
logica 57(1): 37—40. https://doi.org/10.2476/asjaa.57.37

Yoshida H (2009) Uleboridae, Theridiidae, Crenidae. In: Ono H (Ed.) The Spiders of Japan
with Keys to the Families and Genera and Illustrations of the Species. Tokai University
Press Kanagawa, 382 pp.

Yoshida H (2015) Parastearoda and a new genus Campanicola (Araneae: Theridiidae) from Tai-
wan. Bulletin of the Yamagata Prefectural Museum 33: 25-38.

Yoshida H (2016) Parastearoda, Campanicola, Cryptachaea and two new genera (Araneae: Theri-
diidae) from Japan. Bulletin of the Yamagata Prefectural Museum 34: 13-30.

Zhu MS (1998) Fauna Sinica: Arachnida: Araneae: Theridiidae. Science Press, Beijing, 89-113.

Zhu MS, Zhang BS (2011) Spider Fauna of Henan: Arachnida: Araneae. Science Press, Beijing,

558 pp.






