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Abstract 

Bizarre nesting behavior of 
Krombeinictus nordenae Leclercq 

(Hymenoptera: Sphecidae, Crabroninae) 

Karl V. Krombein* and Beth B. Norden* 

Nesting behavior of the recently described Sri Lankan wasp, Krombeinictus nordenae 
Leclercq, is discussed. Females nest in the hollow internodes of the leguminous 
myrmecophyte, Humboldtia laurifolia Yahl. The biology of this stem-nesting crabronine 
is unique among Sphecidae in several aspects. An adult female exhibits remarkable 
maternal care, rearing one larva at a time and feeding it progressively. Progressive 
provisioning has not been noted previously in any Crabroninae. Nests lack cell partitions 
and mature larvae are transported by the foundress to the basal regions of their stems 
for cocoon spinning. The cocoon is also unlike that of any other known species, exhibiting 
adaptations to internode morphology and allowing movement of adults within the nest 
cavity. Finally, K. nordenae is remarkably different from all other known Sphecidae in 
feeding pollen rather than paralyzed arthropod prey to its larvae. 

Keywords: Sphecidae, Crabroninae, Humboldtia, Sri Lanka, internode, myrmecophyte, 
cocoon, pollen. 

Introduction 
Sri Lanka is a land where serendipity is continually being discovered. A recent 
example is the amazing nesting behavior of a Ceylonese wasp, a newly de­
scribed genus and species, Krombeinictus nordenae Leclercq, 1996. It is an at­
tractive little wasp (Fig. 1 ), 5-6 mm long, with creamy to pale yellow markings 
on a black head and thorax, and a mostly light red abdomen bearing narrow, 
transverse, brown to black bars on some of the dorsal segments. Krombeinictus 
belongs to the Sphecidae, normally a family of predaceous, mostly solitary 
wasps. 

Materials and methods 
We first became aware of this species when we received a single male of K. 
nordenae from our colleague, Prof. Fred R. Rickson. It was among a few wasps 
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Figure 1. Kramb inictu nordenae. A, lat ral i w (narrow y How tr ak al ng abd m n a 
refl ction of £la h); B, frontal i w of head (not con , V- hap d 1 m lla ab c ity 
for antennal cape ) (photograph L. Min r-Penl nd, SI). 
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that merged from among a dozen int rnod of th rnyrmecophyte Humboldtia 
laurifolia Vahl, that he collected in the Sinharaja Fore t Re erve (now a World 
Heritag Site) in Sri Lanka in 1992. 

W vi it d Sri Lanka in 1993 and p nt five day (18-20 July and 2-3 Au­
gu t) in th rain fore t near Gilimale, Ratnapura Di trict, 06°46' , 80°26' . We 
hop d to make beha ioral ob ervation on Kramb inictu during thi brief pe­
riod, but intermittent rain of the delayed mon oon a on precluded ne ting 
activity by the wa p . Howe er, we c n u ed about a thou and internode 
from H. laurifolia, and placed everal hundred unopened tern dir ctly into 
alcohol for ub equent tudy. Th e internode were plit open carefully in the 
laboratory to avoid damaging as ociated organi m , and note wer made of 
their content . 

Humboldtia laurifolia Vahl 
Figures 2, 3, 7 

Thi botanical ection i conden ed from a detailed account of the plant' mor­
phology in Krombein et al. (in pres ). Humboldtia laurifolia (Fabaceae) (Fig. 2A) 
occur only in Sri Lanka; three other pecie of the genu and one variety oc­
cur in outhw tern India. Humboldtia laurifolia i a small under tory tree, grow­
ing to ah ight of about 10 m, found in the lowland rain fore t of the outh­
we t rn quadrant of Sri Lanka. It u ually grow along tream or in ep , i , 
highly gr gariou , and occur in group oft n to e eral hundred tr e . 

Humboldtia laurifolia and two of it Indian congen r , H. brunoni Wallich 
and H. decurrens Beddome ex Oliver, are of particular intere t to naturali t , 
becau e they are myrmecophytes that have coevolved with ev ral pecie of 
ant . Th tr provide wollen internod , each with a elf-opening ntrance, 

Figure 2. Humboldtia laurifolia. A, collecting from one of eral plant along Gilimal 
Road; B, ingl 1 af of plant, arrow point to internode. 
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Figure 3. Humboldtia laurifo lia, int rnod p n d, n rrow, lliptical 
ntranc , n t tipul on ith r ide of ntr nc ; B, m tur , r und d, urround d by 

callu , ntranc f Kramb inictu nord nae n t. 

that r a domatia for th ant . Th tre al o pro id an abundan of 
extrafloral nectarie on lea e , tipule and inflor cenc who er tion 
are attracti e to ant . In turn, the ant protect the foliag , e pecially th t nder, 
young leave , from herbivory. 

Humboldtia laurifolia i typical of legume in ha ing pinnat ly compound 
leave (Fig. 2B). A in many legume ther i a d lopm ntal p riod during 
which a flu h of four or five new int rnode , ach with an a ociat d 1 af, i 
produced over a period of two month . A the int rnod d elop , the apical 
part become inflated, and i filled by pith. When the internode matur , th 
pith collap again t th inner wall, forming a hollow ea ity, and a lit-lik 
opening de elop n ar th ap (Fig. 3A). The opening wid n gradually until 
ant or other mall organi m can a ce th hollow domatium. Som occu­
pant apparently gnaw at th m r or 1 lliptical p ning, tran forming it 
into an o al or circular op ning that i gradually rimm d by a callu (Fig. 3B), 
the plant' re pon to th injury. Aculeate Hymenopt ra (ant , wa p , b ) 
remo e the pith to make the ea ity larg r, cept for one p cie of crabronine 
wa p, Cro oceru mukalanae Leclercq which u e th pith in con tructing it 
ne tin th ea ity. 

W found aculeat n ting in int rnode ranging in length from 4.3 to 11.2 
cm. Th ba al end of the internode i woody to a variabl e tent, o th inter­
nal length of the cavity ari from 3.2-6.3 cm. Th woody outer wall of the 
internode i 0.3-0.7 mm thick. Th internode entrance ar lliptical to circular 
in hap with width to length mea ur m nt ranging from a minimum f 1.1 
X 1.1 mm to a maximum of 1.2 X 1.8 mm. 
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Krombeinictus nordenae Leclercq, 1996 
Figures 1, 4-6 

Thi i an uncommon wa p, and w found only eight p cim n (6 f mal , 2 
mal ) in Humboldtia int rnod at Gilimale a compared to ral hundr d 
of it f How crabronin , Cro oceru mukalanae. It ha unu ual morphology in 
that it i th only g nu of Crabronina , oth r than th Ori ntal ½ chtia Pat , in 
which both x po a triangular lamella overhanging th d ep capal 
ba in (Fig. lB). 

Th f mal i unu ual morphologically in th Crabronina in lacking a 
pygidium d limit d by carinae on th la t abdominal t rgum. In t _ad th r i 
am dian bru h of e eral row of do - et, r et eta (Fig. 4A). Th la t t rgum 
of om of th f mal b ar th re idu of a er tion (Fig. 4B) that w b li 
may b from abdominal gland . Perhap a ne ting female u it bru h of 

ta to m ar thi er tion around th ne t entranc wh r it d t r ant or 
other organi m from ntering whil th adult wa p i foraging. 

Th Ori ntal Piyumoide Led rcq, con ider d by him (1996) to b the g nu 
mo t do ly r lat d to Kramb inictu , al o lack a pygidium. Femal , how­

er, lack th m dian bru h of ta on the 1 t abdominal t rgum. Th r i no 
er tion of abdominal gland on thi gm nt in f mal of thr of th four 

known peci in our coll ction. 

est 
W found only t n n t of K. nordena compar d with ab ut 75 of C. mukalanae, 
and adult f mal w r pr nt in only four of them. W b li ve that th mi -
ing f mal took flight during th p riod betw n gath ring Humboldtia 
branch , and placing the int rnod in alcohol. S veral f male were found 
h lt ring in empty int rnod . 

Figure 4. Kramb inictu nordenae f mal , la t gm nt of abdom n. A, not m dian trip 
of ral cl - t ow f r et tae n t gum; B, er ti non and adjac nt tom di n 
row of tae on la t t rgum, and on la t t rnum nd e g of pr c ding t rnum. 

Vol. 2., . 2. 1 9 



One typical n t di play d th qu nc of n ting acti it . Th int rn d 
wa 6.3 cm long, and the ma imum width wa 4.0 mm. The int rior ea ity wa 
5.0 cm long and had a ma imum width of 3.4 mm. Wh n w plit th int rn d , 
w found a mall wa p larva, 2 mm long, n th wall of th a ity ju t b 1 w 
the ntrance hol . Th f mal wa lower in th ea ity, probabl a r action t 
b ing imm r ed in alcohol wh n th int rn d wa pr r d. Th r wa a 
wa p pupa with well-d eloped adult col ration in it c co n at th bottom 
of the cavity. Ten mm abo thi cocoon wa a • cond c c on that ntain d a 
po t-d fecat d lar a ju t prior to pupation. 

From th data, and ob r ation in oth r int rnod with n ting K. 
nordenae, w deduce th following b ha ioral qu nc ( ig. 5). Th f undr 
lay th fir t egg on the inner cavity wall ju t b 1 w th ntranc . Wh n th 
larva hatch , h fe d it progr i ely until matur . Th wa p th n tran -
port it to the bottom of th ea ity wh r it ub qu ntl pin it c c on, 
pupate , and lowly b gin to d velop adult coloration. Aft r th wa p tak 
the mature lar a below, h lay a cond egg ju t b 1 w th ntran . That 
larva i fed progre ively, and, when matur , it i tran p rt d low r in th 
ea ity for cocoon pinning. Th am cycl i r p at d again with th wa p 
depo iting another egg b low th ntranc . 

""" __.,, -
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Figure 5. t of Krombeinictu nordenae. Pupa in coc n at b f ea it , p td f cat d 
lar a in cocoon abo that, and mall larva ju t b 1 w ntranc . 

Typically, many phecid wa p that n tin pithy t m orb ring in wo d 
con truct ne t containing a lin ar rie of c 11 . Th c 11 ar al d by parti-
tion that parate ibling , thu pr enting cannibali m. Furth r, n t ar 
normally do ed befor egg hatch o that f mal ha no c ntact with th ir 
progeny. Thu , the progr i f eding, m t rnal att nti n, and lack of parti­
tion i noteworthy in K. nordenae. 

Cocoon 
The c coon al o i uniqu among Crabronina . Th typical crabronin cocoon 
i mor or le ovoid, circular in cro ction, the po t rior nd tap r rath r 
narrowly, and there i a por at the ant rior nd, a in et mniu pau imaculatu 
(Packard) (Krombein, 1964). Th cocoon of Kramb inictu (Fig. 6A) i bro dly 
o oid, tap r v ry lightly po t rad, and 1 ck a p r at th ant ri r nd. Th 
upp r urface i only lightly con o that in cro ti n th c oon i 
more curv d on th id that i appr d again t th round d inn r wall of 
th int rnod . Cocoon dimen ion ar 6-9 mm long, 2.6-3.4 mm wid , and 2.0-
2.1 mm high. 

Th r i a pac at 1 a t 2 mm high b tw n it upp r urfac and th op­
po it inn r wall of the ea ity (Fig. 6B). A cocoon of thi hap p rmit th 
moth r to crawl o er a cocoon to carry a matur lar a t ward th low r nd 
of th ea ity, or for a n wly- merg d adult from low r in th int rnod t 
crawl over a higher cocoon to r ach the n t ntranc . 
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Figure 6. omb ini f c f 
adult ab ; B, am coc on f al nd h wing a r u t 
wa p , n t tr ngl c n urfa in c 

irtual ab n f gu -lin that w uld u p nd n rmal c c 
ity wall . 

Larva 

with int rn d w 11 nd 
n fr m c nt t w • th 

Th data ab upport our conclu ion that th f mal f d h r larva pr -
gr i ly. W found larva in ariou tag of d 1 pm nt, but n r with 
any pr y or in dibl pr y fragrn nt uch a wing and 1 g that n would 
exp t t find in th n t of a pr dac ou wa p. Th pr bl m f larval food 
id ntity wa finally 1 d wh n w amin d th u ia of po t-d f at d 
larva , and adjac nt f cal wa te . Unmi takably, mall grain of poll n had 
b n er t d with th m conium (Fig. 7 A) which w r id ntical in iz and 
app aranc with grain of Humboldtia poll n (Fig. 7B). Al o, w not d that 
fr hly-pr rv d larva had a di tinct llow color r mini nt of that n in 
b lar a that ha f d on p 11 n. Variati n in lar al b c lor ar attribut d 
to poll n c lor ( ord n, 1984). 

Lat r in ur inv tigation, Rick n nt u a f mal f K. nord na that h 
c 11 et d from an int rnod in Gilirnal . W found clump f ry fin 
Humboldtia poll n grain on th mandibl and hypo t mal ta b n ath th 
h ad (Fig . 7C, D). 

W inf r from th data that the f mal probably gath r a quantity of th 
clump d Humboldtia p 11 n on the hypo t mal ar a, r turn t th int rn d , 
and d p it th poll n on th inn r wall n t to th h ad of th larva. Again, 
thi f ding b ha ior i r markabl , and in contra t to all kn wn ph id 
wh lar al food con i t of paralyz d arthr p d . 
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Figure 7. Humboldtia laurifolia poll n. A, a ma of poll n grain in m coniurn of 
Krombeinictu nordenae; B, an indi idual poll n grain from flow r bud (not irr gul r 
di tribution of oily, clumping ub tanc (poll nkitt) on urf c ); C, clump d p 11 n gr in 
on ta behind mandibl on hypo tomal ar a; D, clump d poll n grain on h p tomal 
etae nlarg d. 

Discussion 
Behaviorally, K. nordenae i unu ual or unique among Sph cida in e ral 
characteri tic of it life hi to y. The female manife t e traordinary maternal 
care, rearing one lar a at a tim , and feeding it progr ively. Progre i 
provi ioning ha not been noted pre iou ly for any Crabronina . E an (1966) 
reported that it developed independently at lea t four time in the y onina . 
E an al o noted that egg are produced more lowly in progre ive provi-
ioner than in ma provi ioner . Howe er, th low d lopment that char­

acterized our ne t may actually be related to carcity of poll n, and thu a 
lower rate of feeding, rather than to the rat of egg production. Humboldtia 

flowering occur throughout th year, but the major production of inflore -
cence i u ually February to June. 

The foundre with everal brood in arying tag of de elopment form 
a ub ocial group. Additional field ob ervation are needed t a rtain wh th r 
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this subsocial group reaches the level of social behavior by having a daughter 
join the foundress in caring for later brood. 

There is also the possibility that K. nordenae is so coadapted to Humboldtia 
that the wasp nests only in the plant's internodes, where nearby there is a 
plentitude of extrafloral nectaries for adult food, and pollen when the plant is 
in bloom. It is noteworthy that the wasp was never collected during the dozen 
years of the Smithsonian's "Ceylon Insect Project," 1968-1980. None of the 
project specialists co°Ilected on Humboldtia, but several of us, including the first 
author on a number of trips, collected at emergence holes in dead wood, and 
in tunnels in wood, and failed to find K. nordenae in any of these other plants. 
If K. nordenae is in fact associated only with Humboldtia, we wonder if it or 
another species of Krombeinictus may have a similar relationship in southern 
India with H. decurrens and H. brunonis. 

The cocoon is also unlike that of any other known crabronine. Clearly it is 
an adaptation to the morphology of the internode cavity and behavior of the 
foundress. The cocoon of the normal twig-nesting crabronine is slightly less in 
diameter than that of the cavity. The larva spins a loose network of silken guy­
lines against the entire wall of the cavity and then constructs the cocoon, sus­
pending it within the network (Krombein, 1964, fig. 7b, shows cocoons not in 
contact with cell wall). The cocoon of K. nordenae is spun directly in contact 
with the rounded inner wall of the internode, and there are only a few silken 
guy-lines along the cocoon margins. 

Finally, and perhaps most significant, the species is extraordinarily differ­
ent from all other known Sphecidae in feeding its larvae pollen rather than 
paralyzed arthropod prey. 

Dedication 
We dedicate this contribution to our late friend and colleague, P.B. Karunaratne 
(Fig. 8). Karu was tremendously helpful for many years to scientists who vis­
ited Sri Lanka to study the Ceylonese fauna in their particular specialities. We 
benefited from his encyclopedic knowledge of the Sri Lankan biota and habi­
tats. The Smithsonian's "Ceylon Insect Project" (1968-1980) was highly suc­
cessful because he guided our teams to Sri Lanka's choice collecting areas. 
Finally, he accompanied both authors in the field in 1993, introduced us to 
Humboldtia, and collected many of the internodes. 
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Figure 8. P.B. Karunaratne (left) 
and KV. Krombein, 8 October 
1980, at Wildlife and ature 
Prot ction Soci ty bungalow, 
Palatupana, Sri Lanka. 
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