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Abstract. The parasitoid wasp Woldstedtius flavolineatus (Gravenhorst) (Ichneumonidae) attacks the larvae of syrphid flies (Syrphidae). Woldstedtius flavolineatus was
collected in Hawaii for the first time during an extensive malaise trap-based survey of
parasitoids in Hawaiian forests. Since its initial collection on Hawaii Island in January
2006, it has been collected at five additional sites on Hawaii Island and at one site each
on Maui and Oahu. Malaise trap results from Hakalau Forest National Wildlife Refuge
showed a strong seasonal pattern of abundance, with peak population levels reached
during July–September. Rearing of its host, Allograpta obliqua (Say), collected from
koa (Acacia koa Gray) at Hakalau over two days, revealed a parasitism rate of approximately 95%. Broader impacts of this alien wasp are unknown, but a reduction in
host syrphid abundance could result in an increase in numbers of psyllids and aphids
(Homoptera) that are preyed upon by syrphid larvae. Furthermore, a reduction in adult
syrphids could impact the reproductive success of some of the plants they pollinate.
Key words: alien species, Allograpta obliqua, parasitoid, Hawaii, Woldstedtius
flavolineatus
Introduction
The larvae of syrphid flies (Syrphidae) are voracious predators of aphids, psyllids, white flies
and several other hemipteran groups (Weems 1954, Schneider 1969). In agricultural settings,
syrphid larvae are generally considered beneficial as they can reduce population densities of
these sap-sucking pests (Weems 1954, Smith et al. 2008). Adult syrphids are also of ecological
importance as they feed on nectar and pollen and play a role in the pollination of some plants
(Moldenke 1975, Larson et al. 2001). Syrphids are not native to the Hawaiian Islands, but 18
species have been recorded in the archipelago (Nishida 2002). Of these, all are considered
adventive except one, Allograpta radiata (Bigot), which was purposely introduced to control
aphids; this species, however, appears never to have become established (B. Kumashiro, Hawaii Department of Agriculture, pers. comm.). The impact of syrphids on native Hemiptera,
or the extent to which adults compete with native pollinators, is poorly known.
Natural enemies of syrphids include a variety of invertebrate and vertebrate predators
(Schneider 1969, Fréchette et al. 2007), but parasitoid wasps, which are represented by
over 60 species within nine families in North America alone, have the greatest impact
(Weems 1954). Parasitoids within the subfamily Diplazontinae exclusively attack syrphids
and may have particularly strong impacts on these flies. Diplazontinae are presumably
all endoparasitic, attacking egg and larval stages and emerging from the host’s puparium
(Fitton and Rotheray 1982).
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Diplazontinae are largely cosmopolitan in distribution but Wahl and Gauld (1998) suggest
that ancestral members of this subfamily originated in the North Temperate Region, with
many species colonizing, or evolving in, southern regions. No Diplazontinae are native to
Hawaii, but a single species, Diplazon laetatorius (Fabricius) is a long-established accidental
introduction that is found throughout the main Hawaiian Islands (Nishida 2002). A second
species, Syrphoctonus maculifrons (Cresson) was collected on Oahu in 1913 (Townes 1947),
but no subsequent collection records exist. The objectives of our report are to document the
presence in Hawaii of an additional species of Diplazontinae, Woldstedtius flavolineatus
(Gravenhorst), and to describe its known distribution and temporal pattern of abundance.
Our results are based on trap surveys in native forests on several of the Hawaiian Islands
and laboratory rearing of host syrphids collected in the field.
Diplazontinae are readily distinguished from other ichneumonids by the presence of a
bifid mandibular upper tooth and a sub-rectangular first tergite of the gaster (Fitton and
Rotheray 1982, Wahl and Gauld 1998). Fitton and Rotheray (1982) characterize the genus
Woldstedtius as having a blackish hind tibia with a white base, a wide face with a clypeus
that is flat or concave in profile and a strongly coriaceous mesoscutum and clypeus. Prior to
recent revision, species of Woldstedtius were considered to be within the genus Syrphoctonus
Foerster (Carlson 1979, Fitton and Rotheray 1982). The classification of Woldstedtius is
uncertain, but morphological differences among larvae suggest that W. flavolineatus may
represent a complex of several species, despite similar adult forms (Wahl 1990). Its place of
origin is unclear, but it is currently widespread in North and Central America, and Eurasia
(Carlson 1979). Woldstedtius flavolineatus exhibits strong sexual color dimorphism, with
males differing from females by being extensively marked in pale yellow, particularly on
the face and ventral portions of the thorax.
Methods
Woldstedtius flavolineatus was collected using malaise traps (Townes 1972, Owen et
al. 1981) and by rearing field-collected larvae in the laboratory. Collections from malaise
traps were part of an ongoing study documenting the distribution and relative abundance of
parasitoid wasps within native forests throughout Hawaii (Peck et al. 2008, U.S. Geological
Survey unpubl. data). Since initiation of this research in 2003, most of the effort has been
on Hawaii island (13 sites), but since 2006 sites have also been surveyed on Kauai (Alakai
Swamp Wilderness), Maui (Manawainui section of Haleakala National Park) and Oahu
(Kaala Natural Area Reserve). Sites were within mesic and wet forest dominated by native
vegetation and ranged in elevation from 27 to 2115 m. At most sites, 2-6 traps were operated
continuously for 3 to 12 months, but at one site (Crater Rim, Hawaii Volcanoes National
Park) three traps were operated for >48 months. In addition to these general surveys, an
intensive malaise trapping effort took place at Hakalau Forest National Wildlife Refuge
(Hawaii island), where between 29 June 2006 and 18 July 2008, 16 traps were placed in
stands of regenerating and old growth koa (Acacia koa Gray) and in mature mixed koa–ohia
(Metrosideros polymorpha Gaud) forest that ranged from 1600 to 1875 m elevation. These
traps ran continuously and were monitored at intervals of approximately 30 days.
The second collection method involved rearing parasitoids from syrphid larvae. This effort
was part of a study documenting parasitism rates of holometabolous insects associated with
koa-ohia communities at Hakalau Forest NWR. During 26–27 June 2007, syrphid larvae were
collected from koa adjacent to malaise traps by shaking branches to dislodge arthropods in the
foliage. Syrphid larvae were returned to Kilauea Field Station in Hawaii Volcanoes National
Park and maintained individually through pupation in 240 ml ventilated plastic containers.
The emerged adult syrphids were identified as Allograpta obliqua (Say). Preliminary identi-
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fication of W. flavolineatus was made by L. Leblanc, University of Hawaii, Manoa, and later
confirmed by D. Wahl, American Entomological Institute, Gainesville, Florida.
Results and Discussion
Malaise trapping. Woldstedtius flavolineatus was collected at seven of 17 sites on three
islands, indicating that it is widespread in Hawaii (Table 1). Its habitat requirements are
unknown, but we collected it only in mesic and wet forests at 973 m elevation or higher
that are dominated by native vegetation, which may be an artifact of our focus on surveying
parasitoids in relatively intact habitats rather than representatively across the landscape.
Ultimately, it may track the distribution of its host, the syrphid A. obliqua, or perhaps other
introduced syrphids that are found in a wide range of disturbed and undisturbed habitats
throughout Hawaii.
Our results suggest that W. flavolineatus is expanding its range, at least on Hawaii, as
it was recently collected at a site where it had not been collected in the past. At the Crater
Rim site, three traps ran continuously for 19 months before the first W. flavolineatus was
collected during April 2006. Since that time, it was collected in June and July 2006, June
and August 2007 and August 2008, suggesting that it may be at least a seasonal resident
of the site. Furthermore, similar trapping efforts (3 traps/site) between March 2003 and
August 2004 at eight other wet forest sites ranging in elevation from 27 to 1792 m elevation
on windward Mauna Loa and Kilauea volcanoes failed to produce any W. flavolineatus
(Peck et al. 2008). Comparable data from other islands are few, but W. flavolineatus was
not collected from January 1991 through January 1993 at 1200 m elevation at Kokee State
Park on Kauai (Asquith and Miramontes 2001).
At Hakalau Forest NWR, W. flavolineatus abundance peaked briefly in the summer (Fig.
1). During August 2007, mean capture rates exceeded 19 individuals per day, a 28-fold increase in abundance over the rate during October 2006–April 2007. A similar increase in
abundance began in the summer of 2008, but the survey was terminated in August, possibly
before the population reached its highest level. The mechanism behind this pattern is unclear,
but it was likely driven by an increase in A. obliqua abundance following the seasonal irruption of the introduced psyllid, Acizzia uncatoides (Ferris and Kylver) (formerly Psylla
uncatoides), on koa (U.S. Geological Survey unpubl. data). The prey range of A. obliqua is
poorly known in Hawaii, but it has been documented to feed upon A. uncatoides (Leeper
and Beardsley 1973), and elsewhere it feeds upon aphids (Schneider 1969) and whiteflies
(Nakahara et al. 1986). Acizzia uncatoides, a pest of several species of Acacia, was first
detected in Hawaii in 1966 (Leeper and Beardsley 1973) and is now found on all of the
main Hawaiian Islands (Nishida 2002). Although we collected A. obliqua in high numbers
on koa, it is possible that it was also preying upon aphids or other psyllids associated with
introduced kikuyu grass (Pennisetum clandestinum Hochst. ex Chiov.), which was common
at higher elevations on the refuge. Other syrphids may reside in the area and act as hosts,
but none were documented during our survey.
Laboratory rearing. From koa foliage, 198 A. obliqua larvae were reared to pupation
(pupation occurred within 1 week of collection). The parasitism rate was extremely high,
as 187 larvae (94.4%) were attacked by W. flavolineatus and one (0.5%) was parasitized by
Diplazon laetatorius (Fabricius). The sex ratio of W. flavolineatus was significantly skewed
toward males (67%; χ2 = 21.2; P < 0.01). Diplazon laetatorius, which has previously been
reported to parasitize A. obliqua in Hawaii (Swezey 1929), appears relatively rare at the site
as it comprised < 0.1% of all parasitoids collected in malaise traps. Both parasitoid species
emerged from the pupal stage.
Although we consider the observed parasitism rate to be high, comparable data are scant

Kona Hema Preserve, TNC
Crater Rim, Hawaii Volcanoes NP
Hakalau Forest NWR
Kau Preserve, TNC
Puu O Umi Natural Area Reserve
Manawainui Section, Haleakala NP
Kaala Natural Area Reserve

Hawaii
Hawaii
Hawaii
Hawaii
Hawaii
Maui
Oahu

11 Jan 06
11 Apr 06
29 Jun 06
28 Apr 08
11 Jun 08
7 Jun 06
13 Sep 08

Date first collected

2

1

Centralized location when collected in multiple traps in the same general vicinity
Range of elevation when collected in multiple traps in the same general vicinity

Location

Island
19˚13.41N, 155˚49.34W
19˚24.40N, 155˚14.78W
19˚50.13N, 155˚19.07W
19˚15.18N, 155˚30.14W
20˚4.34N, 155˚43.26W
20˚41.58N, 156˚7.82W
21˚30.81N, 158˚9.19W

Latitude, longitude1

Table 1. Locations and collection dates of Woldstedtius flavolineatus sampled by malaise traps.

1103–1450
1164
1616–1902
1004
1451–1572
1603–1795
973

Elevation (m)2
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Figure 1. Mean (± SEM) abundance of Woldstedtius flavolineatus collected in 16 malaise
traps placed in koa and mixed koa-ohia stands at Hakalau Forest NWR between 11 July
2006 and 18 July 2008.
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Figure 1. Mean (± SEM) abundance of Woldstedtius flavolineatus collected in 16 malaise traps
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placed in koa and mixed koa-‘_hi‘a stands at Hakalau Forest NWR between 11 July 2006 and 18

5
6

as parasitism rates of syrphids are rarely determined in the field. However, a similarly high
level of parasitism (89%) of an unidentified syrphid by a suite of parasitoids that included
July 2008.
W. flavolineatus was found in Western Hemlock (Tsuga heterophylla (Raf.) Sarg.) forests
of Oregon and Washington (Kohler 2007). The cosmopolitan D. laetatorius has been
credited with parasitizing syrphid larvae at rates as high as 75% in Ohio (Weems 1954).
However, since the syrphids in our study were collected over only two days, the length
of time over which this rate of parasitism persisted is unknown. While it is possible that
the observed rate was a maximum for the season, it was the minimum rate for the pool
of individuals collected on those days, as their removal from the field precluded possible
attack on subsequent days. The extent to which W. flavolineatus impacted the A. obliqua
population at Hakalau Forest NWR is unclear, but a threshold parasitism rate of >32% has
been considered necessary to have a significant effect on host population size (Hawkins
and Cornell 1994), strongly suggesting that this parasitoid was reducing the abundance of
its host.
At first consideration, the impact of W. flavolineatus in native forests appears relatively
benign since it only attacks the larvae of alien syrphids that largely prey upon alien psyllids and aphids. However, adult syrphids forage for pollen and nectar in flowers of a wide
range of both native and alien plants (Weller et al. 1990, U.S. Geological Survey unpubl.
data), and may contribute to the reproductive success of those species via intra-specific
transfer of pollen. Overall though, the ecological importance of A. obliqua in Hawaii has
received little study. But, with the decline of native pollinators in many habitats (Daly and
Mangnacca 2003, Magnacca 2007) and a possible reduction in abundances of feral honeybees (Apis mellifera L.) due to varroa mites (Varroa destructor Anderson and Trueman)
that have recently invaded Hawaii (Oldroyd 1999, Sammataro et al. 2000), syrphids such
as A. obliqua may play an increasingly important role in maintaining populations of some
flowering plants.

14

110	Cappadonna et al.
Acknowledgments
This research was made possible in part by funding from the Pacific Island Ecosystems
Research Center and the Wildlife Program of the U.S. Geological Survey. We thank K.
Snook, M. Stelmach, M. Grove, S. McNally, E. Faulkner, L. Petteway and L. Stead for help
in the field and in the lab; J. Jeffrey, J. Glynn, B. Gagné, D. Polhemus, E. Naboa, M. Purell,
and V. Stein Foster for logistical support, and; L. Leblanc and L. Kaufman for suggestions
that improved the manuscript.
Literature Cited

Asquith, A. and E. Miramontes. 2001. Alien parasitoids in native forests: the ichneumonoid wasp
community in a Hawaiian rainforest. Pp. 54–69 In J.A. Lockwood, F.G. Howarth, and M.F. Purcell
(eds.), Balancing nature: Assessing the impact of importing non-native biological control agents
(an international perspective). Entomological Society of America, Lanham, MD.
Carlson, R.W. 1979. Diplazontinae. Pp. 715–726 In K.V. Krombein, P.D. Hurd Jr., D.R. Smith, and
B.D. Burks (eds.), Catalog of Hymenoptera in America North of Mexico, Vol. 1, Smithsonian
Institution Press, Washington, D.C.
Daly, H.V. and K.N. Magnacca. 2003. Hawaiian Hylaeus (Nesoprosopis) bees (Hymenoptera: Apoidea). Insects of Hawaii, Vol. 17, University of Hawaii Press, Honolulu. 234 pp.
Fitton, M.G. and G.E. Rotheray. 1982. A key to the European genera of diplazontine ichneumonflies, with notes on the British fauna. Syst. Entomol. 7: 311–320.
Fréchette, B., S. Rojo, O. Alomar, and É. Lucas. 2007. Intraguild predation between syrphids and
mirids: Who is the prey? Who is the predator? BioControl 52: 175–191.
Hawkins, B.A. and H.V. Cornell. 1994. Maximum parasitism rates and successful biological control.
Science 226: 1886.
Kohler, G.R. 2007. Predators associated with Hemlock Woolly Adelgid (Hemiptera: Adelgidae)
infested Western Hemlock in the Pacific Northwest. MS thesis, Oregon State University, 121 pp.
Larson, B.M.H., P.G. Kevan, and D.W. Inouye. 2001. Flies and flowers: Taxonomic diversity of
anthophiles and pollinators. Can. Entomol. 133: 439–465.
Leeper, J.R., and J.W. Beardsley. 1973. The bioecology of Psylla uncatoides in the Hawaii Volcanoes National Park and the Acacia koaia Sanctuary, Tech. Rep. 23, Island Ecosystems IRP, U.S.
International Biological Program, 13 pp.
Magnacca, K.N. 2007. Conservation status of the endemic bees of Hawaii, Hylaeus (Nesoprosopis)
(Hymenoptera: Colletidae). Pac. Sci. 61: 173–190.
Moldenke, A.R. 1975. Niche specialization and species diversity along a California transect. Oecologia 21: 219–242.
Nakahara, L.M., J.J. McHugh, Jr., C.K. Otsuka, G.Y. Funasaki, and Po-Yung Lai. 1986. Integrated
control of diamondback moth and other insect pests using an overhead sprinkler system, an insecticide, and biological control agents, on a watercress farm in Hawaii, Pp. 403–431 In N.S. Talekar
and T.D. Griggs (eds.), Diamondback moth management: Proceedings of the first international
workshop. Asian Vegetable Research and Development Center, Shanhua, Taiwan.
Nishida, G.M. 2002. Hawaiian terrestrial arthropod checklist. Bishop Museum Technical Report No.
22. Fourth edition. Hawaii Biological Survey, Bishop Museum, Honolulu, HI.
Oldroyd, B. P. 1999. Coevolution while you wait: Varroa jacobsoni, a new parasite of western honeybees. Trends Ecol. Evol. 14: 312–315.
Owen J., H. Townes, and M. Townes. 1981. Species diversity of Ichneumonidae and Serphidae
(Hymenoptera) in an English suburban garden. Biol. J. Linn. Soc. 16: 315–336.
Peck, R.W., P.C. Banko, M. Schwarzfeld, M. Euaparadorn, and K.W. Brink. 2008. Alien dominance
of the parasitoid wasp community along an elevation gradient on Hawaii Island. Biol. Invasions
10: 1441–1455.
Sammataro, D., U. Gerson and G. Needham. 2000. Parasitic mites of honey bees: life history,
implications, and impact. Annu. Rev. Entomol. 45: 519–548.
Schneider, F. 1969. Bionomics and physiology of aphidophagous Syrphidae. Annu. Rev. Entomol.
14: 103–124.
Smith, H.A., W.E. Chaney, and T.A. Bensen. 2008. Role of syrphid larvae and other predators in

New Record: Woldstedtius flavolineatus

111

suppressing aphid infestations in organic lettuce on California’s central coast. J. Econ. Entomol.
101: 1526–1532.
Swezey, O.H. 1929. Notes on the egg-parasites of insects in Hawaii. Proc. Hawaiian Entomol. Soc.
7: 282–292.
Townes, H. 1947. A Eumenes wasp and six adventive Ichneumonidae new to Hawaii (Hymenoptera).
Proc. Hawaiian Entomol. Soc. 8: 105–198.
Townes, H. 1972. A light-weight Malaise trap. Entomol. News 83: 239–247
Wahl, D. 1990. A review of the mature larvae of Diplazontinae, with notes on larvae of Acaenitinae
and Orthocentrinae and proposal of two new subfamilies (Insecta: Hymenoptera, Ichneumonidae).
J. Nat. Hist. 24: 27–52.
Wahl, D.B. and I.D. Gauld. 1998. The cladistics and higher classification of the Pimpliformes (Hymenoptera: Ichneumonidae). Syst. Entomol. 23: 265–298.
Weems, H.V., Jr. 1954. Natural enemies and insecticides that are detrimental to beneficial Syrphidae.
Ohio J. Sci. 54: 45–54.
Weller, S. G., A. K. Sakai, W. L. Wagner and D. R. Herbst. 1990. Evolution of dioecy in Schiedea
(Caryophyllaceae: Alsinoideae) in the Hawaiian Islands: Biogeographical and ecological factors.
Syst. Bot. 15: 266–276.

112	Cappadonna et al.

