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ABSTRACT 

New Zealand was colonised by the German wasp, Vespula germanica (F.) in the 1940s 

and it became established throughout the country, The common wasp, V. vulgaris (L) 

colonised in the late 1970s and is still expanding its range, Wasps are now common in 

honeydew beech forests of the South Island and can reach high densities, 

The behaviour and ecology of V. vulgaris and V. germanica were studied from 

1988 to 1991 to investigate competitive interactions in honeydew beech forests of the 

north-western South Island. v: germanica disappeared from areas of honeydew beech 

forest within 3-5 years of the first arrival of v: vulgaris and has not returned to them. A 

change in the relative abundance of the two species occurred in spring following the 

arrival of V. vulgaris, and was consistent with the predictions of Archer's (1985) model 

of wasp population fluctuation. 

In north-western South Island honeydew beech forests where both species occur, 

the more abundant species dominates honeydew trunks. Aggressive interactions may 

take place on this high quality, potentially defensible sugar resource. 

The two wasp species show different foraging patterns that provide the potential 

for local coexistence. Although both are generalist feeders, v: germanica is more 

commonly found foraging for protein amongst the forest litter, whereas v: vulgaris 

forages more on shrubs and tree saplings. Approximately 15% of foragers returning to 

sampled nests carried animal prey. The proportion of protein in the diets of wasps 

decreased sharply after rain. V. germanica collected more Orthoptera and large 

Hymenoptera, whereas V. VUlgaris collected more Hemiptera and Lepidoptera. 

An estimated 0.8 and 4.8 million prey loads, or 1.4 and 8.1 kg per hectare per 

year was taken into nests in western and northern South Island honeydew beech 

forests, respectively. 

Wasp foraging and rainfall reduced the honeydew standing crop. As standing 

crop decreased, more wasps occurred on honeydew trees, they became less active, 

spent more time lapping the tree surface, and fed at a slower rate. v: vulgaris was more 

active and fed more efficiently than v: germanica. 
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Variation in queen size was found between wasp colonies and sites. Small queens 

were present in juvenile queen populations but were under represented in the 

reproductive population suggesting that small queens have a lower probability of 

survival. 

A conceptual model of population regulation and species replacement involving 

an overcompensating control mechanism is presented. Variation in queen quality is a 

consequence of differential larval nutrition in autumn when the food resource 

fluctuates with changes in wasp density and environmental conditions. The competitive 

advantage that V. vulgaris has in harvesting honeydew means that foragers spend less 

time obtaining carbohydrate and more time meeting larval food demands. This 

increases the relative fitness of V. vulgaris queens, and results in V. vulgaris densities 

increasing relative to those of V. gennanica. Eventually, V. gennanica is eliminated 

from patches of honeydew beech forest. 
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CHAPTER 1: INTRODUCTION 

Competition w _____ ., 

Competition can be defined as the negative effect of one organism on another by 

consuming, or controlling access to a resource that is limited in availability (Keddy 

1989). The presence of interspecific competition has now been established both 

experimentally and through observations in a great variety of both natural and 

artificial systems (see reviews by Weins 1977, Connell 1980, Schoener 1983, 

Roughgarden 1983, Keddy 1989). However, there continues to be often heated debate 

as to its role in structuring animal communities (Wiens 1977, Connell 1980, Schoener 

1983, Roughgarden 1983). One of the reasons for this is that competition is 

exceedingly difficult to study in natural communities (Schoener 1983), partly because 

reduction or avoidance of competition is almost always advantageous (Pianka 1976). 

Many field studies have relied on comparing behaviour and resource use patterns of 

naturally occurring allopatric and sympatric species. However, such studies tend to be 

poorly controlled since other environmental factors that can be expected to affect an 

animal's behaviour and distribution (e.g. physical environment, predators, parasites) 

probably differ (Pianka 1976, Connell 1980). The results of field experiments indicate 

that a great variety of factors (e.g. survival, growth, foraging success, food type or size) 

can be affected by interspecific competition, although most can be categorised as 

either behavioural or physiological (Schoener 1983). Even when population size of a 

species is affected, the degree to which species composition of the community is 

altered is often not investigated (Schoener 1983). 

From the early laboratory work of Gause (1934, 1935) on yeast and Paramecium 

came the axiom that "complete competitors cannot coexist". This led to the 

development of niche theory, which predicts that competition will be stronger between 

specialists than generalists, and between closely related species and those occupying 

the same fundamental niche (Hardin 1960). It has also been argued that competition is 



Introduction 2 

most symmetric among closely related taxa, but that similar and symmetric competitive 

abilities should lead to long term coexistence, since neither species will have a clear 

advantage over the other (Aarssen 1983, Agren & Fagerstrom 1984, Goldberg 1987). 

Keddy (1989) suggests a possible reconciliation of these two contrasting predictions. At 

one extreme very similar species coexist precisely because they are so similar (Keddy 

1989) and stability comes from intraspecific competition exceeding interspecific 

competition (Pontin 1982). As the organisms become increasingly different, so the 

possibility of asymmetric competition increases, leading to dominance and competitive 

exclusion (Keddy 1989). As organisms become sufficiently different they coexist by 

means of niche differentiation. 

Although niche overlap (Le. the sharing of resources between two or more 

species) is clearly a prerequisite for exploitative competition, it is harmless in a 

competitive sense if the resources are not acting to limit the consumers (Hart 1983). 

Similarly, interference competition is unlikely to evolve unless there is potential for 

overlap in the use of limited resources (Pianka 1976). 

Ecological theory provides a number of suggestions as to the means by which 

potential competitors may avoid or mitigate this competition (Schoener 1974, 

Terborgh & Robinson 1986). Partitioning of resources and habitats may take place and 

can be measured by the degree of overlap in the size and type of food utilisation, 

timing of foraging activity, microhabitat use, foraging strategies, or by any combination 

of these factors. 

Field evidence of the competitive exclusion of one species by another, has been 

observed with certainty in the field on very few occasions (Varley et al. 1973, Pontin 

1982). Most instances involve parasitic Hymenoptera that have been introduced 

successively into a region, and have competed for the same host species; e.g. Opius spp. 

in Hawaii (Bess et al. 1961), Aphytis spp. in Southern California (Varley et al. 1973). 

Examples have also been documented of one ant species replacing another when 

introduced into a new habitat (Way 1953, Haskins & Haskins 1965, Crowell 1968). In 

contrast, the absence of a species from a particular situation today may be a reflection 
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of "the ghost of competition past" (Connell 1980). so, actual mechanisms of 

replacement, must remain unknown, and can only be inferred from observation 

(Schoener 1983, Keddy 1989). To surmise that exclusion is caused by competition 

rather than by some other mechanism is virtually impossible (Connell 1980). 

Among insects, competition stands clearly as most important in the social insects 

(Lawton & Hassell 1984). This may be because predation on social insects is usually of 

minor significance and because colonies are relatively long lived, and have the capacity 

to sustain numbers over unfavourable periods. 

An ideal system to study competition between two closely related species exists 

in New Zealand, where two social wasps have been accidentally, and sequentially 

introduced into the environment. 

The arrival and spread of wasps 

The German wasp, Vespula germanica (L.), is thought to have arrived in New Zealand 

in 1945, possibly in aircraft parts brought from Europe (Thomas 1960). V. germanica 

initially became established near Hamilton (Thomas 1960) (Figure 1.1), and spread 

throughout most of the country (Clapperton et a1. 1989). It reached high densities in 

some areas and control measures were initiated (Thomas 1960, Perrott 1975). An 

attempt to eradicate V. gennanica in 1948 by offering a bounty for hibernating queens 

returned over 118 000 queens but, had little effect on wasp numbers (Thomas 1960). A 

second species, the common wasp, V. vulgaris (F.), has been recorded sporadically in 

New Zealand since 1921, and became established in Dunedin in 1983 (Donovan 1984). 

Subsequent examination of museum collections revealed it may have been present 

around Wellington since the late 1970s but was not recognised as a new species 

(Donovan 1984). Since its establishment, V. VUlgaris has dispersed rapidly throughout 

much of the country (Clapperton et al. 1989; J.AV. Tilley pers. comm.) and appears to 

have spread into all habitat types occupied by V. germanica. 
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1.1: Map of New Zealand showing the location of place names mentioned in the text. 
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Britain, V. vulgaris and V. gelmamca coexist (Archer 1978). They show 

considerable overlap in distribution with V. gelmanica having a narrower altitudinal 

range than V. vulgaris (Archer 1978). In Europe, the situation differs from that in New 

Zealand as there are a number of other Vespidae present (although their distributions 

are restricted in comparison), along with a whole host of nest associates, parasites and 

predators (see Spradbery 1973 for review). It appears that no parasite or predator 

arrived in Zealand with V. vulgaris or V. gelmanica although in 1979 a parasitic 

wasp, Sphecophaga vesparum (Curtis) (Ichneumonidae) was introduced for biological 

control (Donovan & Read 1987). Since 1985 it has been released throughout New 

Zealand, but, it has only been recovered in two very localised areas (Donovan et al. 

1989, BJ. Donovan pers. comm.), and it is unlikely to have had an impact on species 

interactions. A hyperparasitoid Dibrachys boalmiae (Walker) (Hymenoptera: 

Pteromalidae) and a eulophid parasitoid Melitobia acasta (Walker) (Hymenoptera: 

Eulophidae) have been recorded from vespulid nests but their impact is thought to be 

limited (Donovan 1989). 

The only other social wasps present in New Zealand are two species of Polistes, 

the Asian paper wasp, P. chinensis (F.), and the Australian paper wasp P. humilis 

(Saussure), (Clapperton et aL 1989). P. humilis was accidentally introduced last century 

(Sharrell 1971) and has been well established in the northern North Island since the 

1880s (Millar 1984). P. chinensis was first recorded in Auckland in 1979 (Clapperton et 

al. 1989), and has spread across parts of the North Island (J.A.V. Tilley pers. comm.). 

Only P. chinensis has reached the South Island, a few nests having been reported in 

suburban Nelson in the 1989-90 summer (J.A V. Tilley pers. comm.). 

The lack of parasites, predators, and other competing species, and the fact that 

weather conditions in much of New Zealand are milder than those in Britain (resulting 

in a longer growing season), all may contribute to the fact that the two Vespula species 

produce colonies of a larger size in New Zealand than in Europe (Thomas 1960, 

Donovan 1984, Fordham et al. 1991). Queens emerge from hibernation from late 

August onwards and are seen foraging until late December (author's observation). 
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Colonies increase in size throughout summer and autumn and decline in late April

May once reproductives are produced. In addition to the normal annual colony cycle, 

overwintering colonies of V. germanica, and possible V. vulgaris, are known to occur 

occasionally in New Zealand (Thomas 1960, Plunkett et a1. 1989, author's 

observation). Overwintering has not been recorded in Europe. 

Because of this unique situation in which these two species became established, 

it was impossible to predict what patterns of relative species abundance would result 

from interspecific competition. The primary focus of my research was to investigate 

interspecific competition between V. vulgaris and V. germanica in one habitat; 

honeydew beech forest. 

Wasps and the honeydew beech forest system 

In 1985, the Department of Scientific and Industrial Research began research into 

wasp population dynamics as little quantitative research had been done on social 

wasps in the New Zealand environment. Much of the work centred around honeydew 

beech forests in the South Island. 

The term honeydew beech forest refers to tracts of beech forest (Nothofagus 

spp.) where often dense populations of sooty beech scale Ultracoelostoma assimile 

(Maskell) colonise the trunks of trees. Beech is the scale insects main host, particularly 

black beech, N. solandri var. solandri (Hook.), and mountain beech, N. s. var. 

cliffortioides (Hook.), but it has been found on Weinmannia silvicola (Sol.) and Laurelia 

novae-zelandiae (A. Cunn.) (Morales et a1. 1988). The scale insect has four female and 

five male instars (Figure 1.2) (Morales et a1. 1988). Encapsulated second and third 

larval instars siphon sap from phloem vessels of host trees. Sap contains an excess of 

carbohydrate, so, for the scale insect to gain sufficient protein a large volume of fluid 

must be ingested. Most of the carbohydrate is not absorbed by the scale insect but 

passes through the gut to eventually form a drop (honeydew) on the end of a waxy anal 

tube that extends from the tree (Figure 1.3) (Crozier 1981, Molley & Tilley 1986, 
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Figure 1.2: Diagrammatic representation of the life history of sooty beech scale. Crawler 1.0 mm, 2nd ins tar 
1.0-1.6 mm, 3rd instar 2.5-4.5 mm, adult female 3.0-5.0 mm, male prepupa 3.0-4.0 mm, male cocoons 
5.0 mm, adult male 3.0-4.0 mm. (From Morales et al. 1988). 

Morales et al. 1988). Honeydew contains various sugars, principally fructose, sucrose, 

and various oligo saccharides (Grant & Beggs 1989). Honeydew is most abundant in 

the north-eastern South Island, from Mt. Somers northwards, and on the west coast 

north from Greymouth (Wardle 1984). A number of birds, reptiles, and insects include 

honeydew in their diets (Crozier 1981, Gaze & Clout 1983, Clout & Gaze 1984, Boyd 

1987, Beggs & Wilson 1987, Moller & Tilley 1989). Honeydew also provides food for 
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Figure 1.3: Stylized drawing of a scale insect, Ultracoelostoma assimile, feeding on the sap of a 
beech tree, Nothofagus spp. (From Moller et al. 1987). 

Figure 1.4: Photo of a scale infested beech tree covered in black sooty mould. 
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the black sooty mould that covers infested trees (Figure 1.4). In the absence of wasps, 

kaka (Nestor meridionalis (Gmelin» obtain their daily energy requirements by feeding 

on honeydew (Beggs 1988). Bellbirds (Anthomis melanura (Sparrman», tui 

(Prosthemadera novaesealandiae (Gmelin», and silvereyes (Zosterops lateralis 

(Latham» spend approximately 21%, 36%, and 32% of their time respectively, in 

beech forest feeding on honeydew (Gaze & Clout 1983). It has been suggested by an 

anonymous author (1952), Beggs (1988), Moller et aL (1988b), Moller and Tilley 

(1989), Beggs and Wilson (1991), and Harris (1991, Appendix 1) that wasp foraging for 

protein and honeydew may be reducing the carrying capacity of honeydew beech forest 

for the native fauna. 

Wasps are very conspicuous in honeydew beech forests in late summer and 

autumn. Thomas et aL (1990) recorded a mean density of 16 nests per hectare in the 

central northern South Island in the 1988-89 season. Sandlant and Moller (1989) 

collected wasps in the northern half of the South Island in 1987 and found that wasps 

were more numerous where honeydew was present, and when the two species were 

both present. They also found that V. gennanica was less abundant in the presence of 

V. vulgaris than in isolation. A nationwide postal survey mirrored the finding that 

V. vulgaris was the more abundant species in honeydew beech forest (Harris et al. 

1991b, Appendix 2). The postal survey also found that the two species were co

dominant in urban areas, and that V. gennanica was still the more abundant species in 

rural areas other than forest. Moller et al. (1990) drew together wasp sampling data 

from a number of studies (including this one - see Chapter 3) in the north western 

South Island between 1987 and 1990, and were able to trace the movement of 

V. vulgaris down the west coast (Figure 1.5). The rate of progress of the V. vulgaris 

IIfrontl! was estimated to be between 30 and 70 km per year, and within 3-4 years 

species composition in some areas had gone from 100% V. gennanica to 100% V. 

vulgaris (Moller et aL 1990). 

How V. vulgaris replaces V. gemwnica is not known but it could be the result of 

competition for resources, direct interactions, or sharing of some predator, parasite or 
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Figure 1.5: Spread of V. vulgaris down the west coast of the South Island (a) 1987, (b) 1988, (c) 1989, (d) 1990. 
The percentage of wasps that were V. vulgaris is given and the number of samples in parentheses. (From Moller 
et aI. 1990) 
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pathogen, that prevents coexistence. As neither wasp appeared to have arrived in New 

Zealand with any parasite or pathogen (Donovan Reid 1987), the principal 

hypotheses for replacement are resource-mediated competition and/or direct 

interactions between the two species (Harris et al. 1991, Appendix 2). 

The aim of my study was to investigate competition between V. vulgaris and 

V. gennanica in honeydew beech forest over three wasp seasons in an attempt to 

identify the likely reason(s) for species replacement. Throughout the duration of my 

study the species composition at a number of sites was monitored to validate that 

displacement of V. gennanica by V. vulgaris was total, and that V. gennanica did not 

reinvade areas from which it had been initially displaced. To gain clues as to a likely 

reason for displacement I monitored relative changes in species composition through 

the first season. 

From results of monitoring changes in species composition, exploitation of food 

reserves was chosen for further investigation. My aims were to determine the diets of 

the two wasp species in beech forest, their overlap in resource use, and if species 

differences existed in the efficiency of utilisation of food resources. When answers to 

these questions became apparent I attempted to establish a link between population 

dynamics and food availability. I then combined the various facets of the study to 

present a hypothesis for competitive replacement of V. gennanica by V. vulgaris in 

honeydew beech forest. 
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CHAPTER 2: SITES 

The study was conducted in forest on the north west of the South Island, New Zealand. 

All sites contained the honeydew producing scale insect, Ultracoelostoma assimile, 

which is most abundant in the north-eastern South Island, from Mt. Somers 

northwards, and on the west coast, north from Greymouth (Wardle 1984). The 

under storey of West Coast forests is typically dense compared to forests of the east 

coast and Nelson regions, however, variable weathering rates of parental rock, and 

associated soil fertility levels, result in quite pronounced and sudden changes in forest 

composition and structure (Wardle 1984). The areas of forest used fall into two groups 

based on Newsome's (1987) classification: beech forest, and lowland podocarp -

broadleaved - beech forest. 

Beech forest 

Evergreen forest with a canopy dominated by indigenous southern beech (Nothofagus 

spp.) trees (Newsome 1987). 

All five indigenous beech species are canopy trees and forest comprising just a single 

species or mixtures of all five species can be found (Wardle 1984). Black beech 

(N. solandri var. solandri), hard beech (No truncata (CoL», and red beech (N. fusca 

(Hook.» generally show a preference for low elevations and give way to silver (N. 

menziesii (Hook.» and mountain beech (N. solandri var. cliffortioides) at altitudes 

above 900m (Wardle 1984). Common understorey plants are species of Coprosma, 

Olearia, Pseudopanax, Myrsine, Quintinia, broadleaf (Griselinia). mountain ribbonwood 

(Hohena), mosses, and ground ferns (Newsome 1987). 

Beech forest is absent from central Westland (in an area known as the beech 

gap) and has been attributed to as yet incomplete recovery from the last Pleistocene 

glaciations (Wardle 1964). 
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Lowland podocarp - broadleaved m beech forest 

Evergreen forest, occurring below the altitudinal limit of rimu, with a canopy dominated by 

indigenous mixed broadleaved, southern beech and podocarp trees and an emergent storey 

dominated by podocarp trees (Newsome 1987). 

These forests are generally tall statured, relatively diverse compared to beech forest, 

and dense with a well developed, storied structure. The emergent trees are dominated 

by indigenous conifers among which rimu (Dacrydium cupressinum (Lamb.) is almost 

always present in association with matai (Pmmnopitys taxifolia (D. Don», miro 

(Pmmnopitys fenuginea (D. Don», Hall's totara (Podocarpus cunninghamii (Col.», 

kahikatea (Dacrycarpus dacrydioides (A. Rich.» on alluvial sites, and rata (Metrosideros 

spp.) (Newsome 1987). The canopy is dominated by mixed broadleaved trees, beeches 

and smaller podocarps. Important ones are: tawa (Beilschmiedia tawa (A. Cunn.», 

kamahi (Weimannia racemosa (L.», hinau (Elaeocarpus dentatus (l.R. et G. Forst.», 

rewarewa (Knightia excelsa (R. BR.», pukatea (Laurelia novae-zelandiae), maire 

(Nestegis spp.) and rata, along with red beech, silver beech, black beech, and hard 

beech. In the understorey species of Coprosma, Pittospomm, Myrsine, Quintinia, tree 

ferns, ground ferns, Hanes are often common. 

Intensive field sites 

Six main sites were used during the course of the study (Figure 2.1). They were: 

Costello Hill Scenic (Figure 2.2c) - a small remnant (approximately 

5 ha) on bluffs of a ravine, 14 km south of Westport (Grid Reference NZMS 260 K29 

855245). The bluffs are dominated by hard beech, with some silver beech. The forest 

also contains some mountain beech, and a slightly higher proportion of podocarps, 

especially Hall's to tara and yellow-silver pine (Lepidothamnus intermedius (Kirk», as 

well as rimu. The remnant is surrounded by gorse, manuka, and drained pakihi swamp. 
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(a) 

(b) 

Figure 2.2: Photos of four of the sites used in the study showing general forest characteristics. (a) 
Spooners Range Scenic Reserve (b) Tiropahi. 
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(c) 

(d) 

Figure 2.2: Photos of four of the sites used in the study showing general forest characteristics. (c) CosteUo 
Hill Scenic Reserve (d) Taylorville. 
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Nile - forest on a ridge near the Nile River, on the seaward side of the Paparoa 

Range 24 km south of Westport (GR NZMS 260 K30 882125). The forest is similar to 

that at Spooners (see below), but includes very little silver beech. It is a small 

untouched remnant (approximately 5 ha) within the Charleston State Forest and is 

surrounded by beech forest selectively logged in the 1970s. Podocarps have been the 

main trees removed by logging, but a high percentage of the remaining mature beech 

has died. 

(Figure 2.2b) - forest on a ridge and hilltop between the Nile and 

Tiropahi Rivers, 4.5 km to the south of the Nile site (GR NZMS 260 K30 867085). The 

forest is similar to that at the Nile site. It is surrounded on three sides by selectively 

logged forest and on the fourth by a large ravine dropping down to the Nile River. 

Virgin forest on the edge of Paparoa National Park begins on the other side of the 

nver. 

Taylorville (Figure 2.2d) - a small strip of forest along a south facing hillside next 

to the Grey River, 5 km from Greymouth (GR NZMS 260 131 692606). This forest is 

similar to the Nile forest, but with a higher proportion of red beech. The remnant is 

surrounded by farmland. The site is at the southern tip of the distribution of the scale 

insect (Ultracoelostoma assimile) which is present in very low densities. 

Trass - a 7.2 ha patch of native beech forest surrounded by Pinus radiata (D. 

Don) plantation, located 35 km south-west of Nelson (GR NZMS 260 N28 027801). 

The canopy vegetation is predominantly beech. Four beech species are present; red, 

hard, silver, and black, but black predominates. Kamahi and rimu are other 

components of the canopy. This site had the densest patches of honeydew infested 

beech trees, the patches being concentrated along two ridges running through the site. 

Spooners Range Scenic Reserve (Figure 2.2a) - a 150 ha forest remnant 35 km 

south-west of Nelson (GR NZMS 260 N28 032711). The forest consists predominantly 

of hard beech and silver beech (which is not attacked by the scale insect), with a few 

red beech and scattered podocarps, especially rimu and miro. It is surrounded on all 

sides by Pinus radiata plantation forest. 
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Other 

total of eighteen other forest sites were used on occasions during the study and their 

approximate locations are shown in Figure 2.3. 

Climate 

The north-western South Island lies between latitudes 420 27' and 400 31' and has a 

temperate island climate. The prevailing wind comes from the west and the highest 

annual rainfall occurs in areas along the coast where mountains are exposed to the 

direct sweep of both westerly and north-westerly winds. The Nile and Tiropahi sites for 

example, are at the foot of the Paparoa Ranges and experience very high rainfalls 

(Table 2.1). Temperatures in coastal areas are moderated by the influence of the sea. 

Winters are colder in more inland areas, e.g. at Mt. Misery and Tiramea approximately 

70 Ian from the sea (Table 2.1). 

The general nature of the weather in the Nelson and North Westland-Buller 

regions is indicated in Table 2.2 which summarises climatic data for the major city in 

each area. Nelson city has more sunshine hours, lower rainfall, and greater extremes of 

temperatures than Westport. 
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Table 2.1: Temperature and rainfall data for the in study areas within the Nelson and West Coast regions. 
From Anon 1985a,b - NZ. Metrological Service climate map series. 

Annual Mean Air Temperature (0C) 
Area Rainfall Rain Days Annual January July 

(mm) 

Pelorus 1600-2400 100·120 10-11 16-17 6-7 

Trass & Spooners 1200-1600 100-120 12-13 16-17 6-7 

StArnaud 1200-1600 120-140 9-10 13-14 2-3 

Mt Misery & Tiramea 1600-2400 120-140 8-9 14-15 2-3 

Reefton 1600-3200 140-180 9-11 14-16 3-4 

Karamea 1600-2400 140-160 11-12 16-17 8-9 

Costello Hill 2400-3200 160-180 12-13 15-16 7-8 

Nile & Tiropahi 3200-4800 180+ 11-12 13-16 5-7 

Taylorville 2400-3200 160-180 11-12 15-16 7-8 

Table 2.2: Summaries of weather information for Westport and Nelson, the two principal cities in the 
region. Data from Anon. 1987 - NZ. official yearbook 1986-87. 

Temperature (0C) 
Annual Rain Bright Ground Mean Daily Daily 
Rainfall Days Sunshine Frost Daily Max Min Extremes 

City (mm) (>lmm) (ill) (days) Jan July Jan July Jan July Max Min 

Nelson 986 99 2397 90 17.2 6.5 21.9 11.9 12.5 1.1 36.3 -6.6 

Westport 2192 168 1925 39 15.8 8.2 19.5 12.0 12.0 4.3 28.6 -3.5 
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3: DOCUMENTATION OF COMPETITION BETWEEN ~~~ 

HONEYDEW BEECH FOREST 

Introduction 

disappearance of Vespula gennanica from patches of honeydew beech forest in the 

South Island appears to occur within years of the first arrival of V. vulgaris into the 

patch (Sandlant & Moller 1989, Moller et al. 1990). The invasion front of V. VUlgaris at 

the beginning of this study was centred in the Buller Gorge, and on the inland side of 

the Paparoa Ranges (Moller et al. 1990, author's observation). Behind this front, the 

beech forest wasp community was dominated by V. vulgaris, but on the invasion front 

both species were present in varying proportions (Moller et al. 1990). Ahead of the 

invasion front, honeydew beech forest was occupied solely by V. gennanica. 

Although the exclusion of V. gennanica occurred within a few seasons it was not 

known whether a gradual change in species composition occurred within a wasp season 

(the period from spring to late autumn when wasps are active) or whether a marked 

change occurred at one phase in the colony cycle. 

Wasp colonies go through a series of distinct stages in development (Spradbery 

1973). In the solitary phase, queens emerge from hibernation in spring and begin to 

feed. As their ovaries develop queens search for nesting sites. A nest is built and the 

first eggs are laid. Once the first workers emerge, the queen takes a less active part in 

foraging and nest construction, eventually remaining totally in the nest and performing 

only reproductive functions. The workers perform all other colony tasks. This first 

social phase is a period of rapid expansion of the nest. The mature colony stage is 

marked by the construction of queen cells and the production of males and queens. 

Colony decline follows and is marked by the presence of young queens, the death or 

physiological breakdown of the founding queen, and the breakdown of social structure. 

Queens leave the nest to mate before entering hibernation with the onset of winter. 
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Before I could look at possible mechanisms of competition I had to be sure that 

competitive exclusion was indeed occurring at the experimental sites, and that 

V. germanica was continuing to be excluded and not reinvading initial 

displacement. My second step was to determine at what stage, or stages of colony 

development changes in relative species abundance were occurring. Knowing the 

phase of colony development at which V. germanica populations decline relative to 

those of V. VUlgaris should offer clues as to the likely mechanisms resulting in 

competitive exclusion. 

Methods 

Long term changes in species composition 

Foraging wasps were sampled on honeydew trees at five sites over three wasp seasons 

using a net or fly swat. In addition, some data on species composition were available 

for two of the sites prior to the commencement of my study. The five sites were chosen 

because of their locations. Three of them, Costello Hill, Tiropahi, and Nile, were on 

the V. VUlgaris "invasion front" on the West Coast of the South Island: these sites had 

been inhabited by V. vulgaris for less than three years prior to sampling, and 

V. germanica was still present. Sampling near the Tiropahi and Nile sites in 1988-89 

failed to locate any V. VUlgaris (Moller et al. 1990) although a few were probably 

present. The fourth site, Taylorville, was thought to be ahead of the invasion front and 

therefore contained only V. germanica, whereas the fifth site, Spooners, was south of 

Nelson where V. vulgaris first arrived in either 1984 or 1985 (H. Moller, unpublished 

data), and the wasp popUlation had had more time to establish some form of 

"equilibrium" with respect to species composition. Wasps were sampled between 

February and April, the period corresponding approximately to the end of the rapid 

expansion stage and the beginning of the mature colony stage. 
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Change in species composition within a season 

Wasps were sampled with four Malaise traps at the Tiropahi and Taylorville study sites 

during the 1989-1990 season. The traps were put out in August 1989 and emptied at 

4 week intervals. Sampling was conducted until May 1990 at both sites, but only 

numbers of wasps trapped up to 8 January are reported for Tiropahi because 

V. germanica colonies were introduced to the area after this and altered the species 

ratio (see Chapter 5). The identity of any wasp nests found at each site during the 

period was recorded. 

Results 

Long term changes in species composition 

Except at Spooners, an increase in the proportion of V. vulgaris foragers occurred at all 

sites from the 1988-89 season to the 1990-91 season (Table 1). V. germanica appeared 

to have been eliminated almost completely from the Spooners, Nile, and Tiropahi sites 

by 1990-91. Too few wasps were collected at Taylorville in 1991 to determine if 

Table 1: Species replacement of V. gennanica by V. VUlgaris in the north-western South Island. The 
percentage of wasps that were V. vulgaris is given with the total number of wasps sampled in parentheses. 

Wasp Season 
Site 1987-88 1988·89 1989-90 1990-91 

Spooners 100.0 (100) 100.0 (113) 98.0 (100) 

Costello Hill 0* (119) 6.9 (116) 11.8 (203) 100.0 (101) 

Nile 0* (4) 79.0 (100) 100.0 (125) 100.0 (HID) 

Tiropabi 93.7 (1162) 99.7 (342) 100.0 (105) 

Taylorville 0.7 (152) 71.7 (46) 100.0 (6) 

(* source Moller et at. 1990) 
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V. gennanica had been excluded, Since 1987-88 the TaylOlville site has had very low 

wasp densities relative to the other sites making sampling difficult. There was no 

evidence of a resurgence of V. gennanica populations at any of the 

Changes in species composition within a season 

At Taylorville, 18 queens were trapped from late August to early February, of which 

one was V. vulgaris, The first workers appeared in late January, Of the 49 workers 

trapped, 41 were V. vulgaris, A significant change was recorded between species 

composition of queen and worker populations, i.e. between the solitary and social 

stages of colony development (X2 = 34.3, d.f. 1, P < 0,001). 

At Tiropahi, more wasps were trapped but a· similar change in species 

composition was observed from the solitary to the social stages of colony development 

(X2 = 280,0, d.f. 1, P < 0.001). In total, 62 queens were trapped from late August to 

December, of which 22 (35.5%) were V. vUlgaris. The first V. gennanica worker was 

taken in August, and the first V. vulgaris worker in September, Of the 1318 workers 

trapped, 94.2% were V. VUlgaris, 

All 30 nests found during the 1989-90 season at Tiropahi were V. vulgaris. Two of 

the colonies located consisted only of a founding queen and eggs, whereas the others 

had workers present. At Taylorville, only one mature nest of each species was found. 

Discussion 

Change in species composition 

A pattern of competitive exclusion of V. gennanica by V. vulgaris comparable to that 

found in honeydew beech forest in the South Island has not been reported from other 

countries. However, in the light of what is happening in New Zealand this may deserve 
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closer investigation in countries where Vespula spp. have recently become established, 

or have undergone range extension. 

The pattern of competitive exclusion at the five sites fits the pattern recorded 

elsewhere in honeydew beech forest (Sandlant Moller 1989, Moller et al. 1990). 

That is, V. vUlgaris is found in small numbers in the first season, but one or two seasons 

later becomes numerically dominant. The pattern of V. germanica disappearance does 

not simply represent variation in the relative abundance of the two wasp species from 

season to season. In no case (Sandlant & Moller 1989, Moller et al. 1990, present 

study), have numbers of V. germanica increased relative to those of V. vulgaris. In 

addition, V. germanica has not reinvaded any of the Nelson areas from which it has 

been excluded, despite V. germanica queens having been sampled on honeydew trees 

at the edge of the Spooners site in the spring of the 1990-91 wasp season (author's 

observation). The two V. germanica workers taken at Spooners in 1990-91 (Table 1) 

were caught on the same group of trees at the forest margin. In addition, a few V. 

germanica workers were observed on one honeydew tree at the edge of the Trass site 

in 1990-91 (author's observation). The Trass site is in close proximity to Spooners, and 

no V. germanica workers have been found there since 1988 (Moller et al. 1990). The 

V. germanica queens and workers seen near the Trass site may have come from other 

habitats surrounding the beech forest In 1989, I found differences in the relative 

abundances of the two species between habitats (Harris et al. 1991, Appendix 2), with 

unforested rural environments continuing to be dominated numerically by V. 

germanica. 

If changes in numerical dominance had simply been caused by an eruptive phase 

following the arrival of V. vulgaris, then sites such as Spooners, which have had V. 

vulgaris present since 1984-85 (H. Moller pen;. corum.), may have been reinvaded by 

V. germanica. The lack of re-establishment of V. germanica in honeydew beech forest 

therefore does not appear to be the result of failure of V. germanica queens to disperse 

to such areas, but because of an inability to re-establish successful colonies once V. 

vulgaris has become established. 
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Spring change and population fluctuations 

In the 1989-1990 wasp season a high proportion of V. germanica queens occurred at 

Tiropahi and Taylorville in spring, but this did not translate into a higher proportion of 

V. germanica workers being present later in the season. This could have been because a 

high proportion of V. germanica queens failed to initiate a successful spring nest, 

and/or because nests being established were very small compared to those of V. 

vulgaris. A number of small nests were found at Tiropahi, and all were V. vulgaris. The 

two nests found at Taylorville late in the season (one of each species) were of similar 

size. 

V. germanica workers and queens were abundant early in the season at Tiropahi 

and mating between V. germanica queens and drones was observed on trees during 

spring. This was probably because one or more overwintering V. germanica colonies 

were present This could partially explain the high number of V. germanica queens 

captured at Tiropahi. It is not known whether queens derived from overwintering nests 

establish successful colonies the same season. The lack of V. germanica workers at 

Taylorville early in the season, however, suggests overwintering did not occur at that 

site, and that the failure of V. germanica queens to establish in spring was not due to 

them originating from overwintering colonies. 

Archer (1985) investigated population dynamics of Vespula spp. in Britain. 

Records of summer wasp abundance at a number of sites over 78 years revealed a two 

year cycle of wasp abundance. Extreme years of wasp abundance and scarcity occurred 

in pairs. High spring queen flight preceded a low wasp year and low spring queen flight 

preceded a high wasp year (Archer 1985). Archer (1981a&b, 1984) recorded a nine 

fold difference in wasp abundance between maximum and minimum years at a 151 ha 

site monitored for three years, and a 100 fold difference in the numbers of queens 

queens produced per colony. Between the paired years of relative wasp abundance and 

scarcity were periods of less extreme population fluctuations. Archer (1985) proposed 

a model to account for the observed pattern. The model involves an overcompensating 
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control mechanism that causes population fluctuations to damp to stable levels unless 

the population is perturbed by other factors such as weather.· 

Archer (1985) proposed that the control mechanism was variation in the 

reproductive potential of queen wasps. How can queen variation affect population 

dynamics? Brian and Brian (1952), Archer (1981a & 1981b), and Matthews et al. 

(1982) all found that queen influence, through her level of activity, as measured by the 

number of cells built, was positively correlated with speed of colony development and 

mature nest size. Activity is not the only factor, however, as indicated by Potter (1964) 

who showed that a queen with certain physiological characteristics was necessary 

before production of queen cells was initiated. 

Archer (1985) presented two untested theories to explain how variation in queen 

survival in spring occurred. The first theory depends on the occurrence of density 

dependent usurpation (the attempted take-over of founding nests by spring queens). 

Usurpation has been documented on a number of occasions (see Archer 1985 for 

review, Donovan 1991) but its importance has never been quantified. The second 

theory assumes that wasp colonies attempt to produce as many queens as possible 

without regard to their quality (their potential to produce reproductives the following 

season). In scarce years, each queen reared will tend to be of high quality because of a 

lack of competition for resources such as food (Archer 1985). In particularly abundant 

years, however, each queen, because of intra- and inter-colonial competition is likely to 

be a poorer quality individual and as a consequence lower colony success will result 

the following season. Variation in queen quality and density dependant usurpation may 

both be occurring simultaneously. 

Since usurpation depends on the ability of the usurper to find a queen nest it 

seems likely that nest usurpation is a density-related activity. Honeydew beech forests 

in New Zealand show considerable variation in wasp density from site to site (Sandlant 

& Moller 1989, Moller et aL 1990). If usurpation was the dominant control mechanism 

affecting queen survival and population fluctuations, one would predict that wasp 

density would increase at sites where lower wasp densites were present This does not 
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appear to be the case. Beech forest sites went though year to year fluctuations in wasp 

density, but the same sites consistently had high wasp numbers relative to others 

(Moller et aL 1991). Wasp density at a particular site appeared to be correlated with 

honeydew availability (Moller et aL 1991), a situation that is consistent with the second 

of the theories proposed by Archer (1985), that food supply influences wasp 

population dynamics. 

Most queens do not live past 'the solitary phase. Archer (1984) estimated that 

almost 98% of queens die during winter and 92% of the others die during nest 

initiation. Bad weather and other exogenous factors result in the deaths of some of 

these queens, but if Archer (1985) is correct then many of the queen failures will be 

because they are poor quality individuals. 

The change in species composition in spring in South Island honeydew beech 

forests may have been caused by differences in queen quality between species. But how 

and why does one species survive at the expense of the other? 

In the remaining chapters of this thesis I focus on one of the theories proposed 

by Archer (1985), that of queen quality. I investigate various aspects of wasp foraging 

and consider the possible role of exploitative competition between colonies as one 

possible determinant of queen quality. I also investigate whether V. vulgaris has a 

competitive edge over V. germanica that results in competitive exclusion of the latter. 
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4: THE INFLUENCE HABITAT USE FORAGING ON THE 

REPLACEMENT OF ~""'-""_ ~~~~~ BY 

Introduction 

Sampling of wasps in honeydew beech forest indicated that a marked change in 

relative abundance of Vespula germanica and V. vulgaris occurred in spring. One 

possible cause of this change is competition between colonies, affecting reproductive 

output, and leading to competitive exclusion. 

The potential for resource competition exists between V. germanica and 

V. vulgaris because both are generalist feeders using a wide range of protein and 

carbohydrate sources (e.g. Spradbery 1973) and in New Zealand, considerable overlap 

in the types of protein brought back to colonies by foragers has been found (Chapter 

5). It has been suggested that generalist feeding species may be able to coexist by 

occupying and foraging in different habitats and microhabitats (see Schoener 1974 for 

review). For example, Pianka (1975) found that species diversity of desert lizards 

increased with microhabitat diversity, and some insectivorous birds may be able to 

coexist by foraging in different parts of tree crowns (MacArthur 1958). 

Displacement of one species by another might be expected when competing 

species are very similar in their habitat use patterns. To investigate the role of resource 

partitioning between V. germanica and V. VUlgaris, I recorded foraging patterns and 

microhabitat use by workers foraging for food during species replacement in honeydew 

beech forest, a habitat within which displacement is eventually complete (MoUer et al. 

1990, Chapter 3). Given that exclusion does take place, the habitat-segregation 

hypothesis would predict strong similarities in the use of micro-habitats by wasp 

foragers in beech forest. 
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Methods 

Microhabitat use 

The same five sites used in Chapter 3 were used to investigate microhabitat use in 

honeydew beech forest: Spooners Range Scenic Reserve, Costello Hill, Nile, Tiropahi, 

and Taylorville. Wasps were collected by swatting and netting from (i) trunks of 

honeydew covered trees, (ii) the forest litter, (iii) foliage of shrubs, saplings and 

branches within four metres of the ground, and (iv) along roads adjacent to the 

honeydew beech forest. All wasps were sampled on fine days over a two month period 

in two successive years: 28 February to 27 April 1989; and 6 February to 11 April 1990. 

An initial target of at least 100 wasps was set for each microhabitat within each site. 

This was not achieved at Taylorville where few wasps were found (fewer than 5 wasps 

per hour were encountered in 1990). 

Counts on individual trees 

The Nile and Tiropahi sites were beech forest remnants surrounded by selectively 

logged forest. Wasps were collected in both environments (unlogged and selectively 

logged) and recorded, separately. The total number of wasps present on the visible half 

(180°) of the bottom two metres of each tree was recorded on approach, before wasps 

were collected. 

Results 

Habitat differences 

In 1989, V. vulgaris was more numerous on honeydew trunks in undisturbed forest at 

the Tiropahi and Nile sites, but V. gelmanica was more numerous in logged areas 
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(Table 4,1: Nile, X2 with continuity correction = 27.8, dJ. = 1, P < 0.001; Tiropahi, X2 

with continuity correction == 506, dJ. = 1, P < 0.001). April 1990, 11.: vulgaris was 

numerically dominant in both habitats at both sites (Table 4.1). 

Microhabitat use 

Within honeydew beech forest that contained large numbers of both wasp species in 

1989, proportions of 11.: vulgaris and 11.: gennanica differed among litter, foliage and 

honeydew trunks (Table 4.2). The proportion of 11.: vulgaris on foliage was higher than 

on litter (Table 4.2, Figure 4.1a). At Costello Hill in 1989, where 11.: gennanica was 

numerically dominant, a lower percentage of 11.: vUlgaris was found on honeydew trees 

than on either litter or foliage (Figure 4.1a). At Tiropahi, where 11.: vulgaris was 

numerically dominant, the reverse was true: a higher proportion of 11.: vulgaris was 

found on honeydew trunks than on foliage or litter. The lowest proportion of V. 

vulgaris was found foraging along the adjacent roadside (Figure 4.1a). All foragers 

sampled at Spooners were 11.: vulgaris, but at Taylorville only two 11.: vulgaris were 

taken. 

In 1990, patterns of habitat use were similar. The proportions of 11.: vulgaris and 

11.: gennanica varied among the three habitats within the forest, and the proportion of 

11.: vulgaris on foliage was higher than on litter (Table 4.2). The proportion of V. vUlgaris 

was also greater at aU four sites on the "invasion front" in 1990 than in 1989. However, 

the extent of change differed between sites (Figure 4.1b). The percentage of 11.: vulgaris 

on honeydew trees at Taylorville increased from 0.7% in 1989 to 71.7% in 1990. In 

contrast, at Costello Hill, the increase in the percentage of 11.: vulgaris on honeydew 

trunks was from 6.9% to 11.8%. Again, only 11.: VUlgaris was found at Spooners. 
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Table 4.1: Differences in wasp species composition in unlogged forest and adjacent selectively logged 
forest at two sites in 1989 and 1990. All wasps were caught between February and April. Vv :: V. vulgaris, 
Vg == V. gemlanica. 

Unlogged Selectively Logged 
Site Year Vv Vg Vv Vg 

Tiropahi 1989 1089 73 203 262 

1990 341 1 508 6 

Nile 1989 79 21 42 59 

1990 125 0 140 5 

Table 4.2: Numbers of wasps swatted in different microhabitats at four sites in 1989 and 1990. Vv = V. 
vulgaris, Vg = V. gennanica. Relative abundances of the two wasp species were compared between the 
three microhabitats within the forest (i.e., excluding roadsides), and between litter and foliage which 
represent distinctive protein foraging sites using the G-test. 

Honeydew 
Site Year Foliage Litter trunks Roadside 

Vv Vg Vv Vg Vv Vg Vv Vg 

Spooners 1989 100 0 100 0 100 0 105 0 

1990 80 0 47 0 113 0 104 0 

Tiropahi 1 a 1989 102 17 49 66 1089 73 7 102 

2b 1990 101 0 92 10 341 1 84 21 

Costello 3c 1989 25 55 9 73 8 108 2 120 
Hill 

4d 1990 51 49 18 86 24 179 19 83 

Taylorville 1989 1 57 0 17 1 151 0 54 

5 1990 12 12 7 11 33 13 2 17 

Foliage, Litter and Honeydew trunks Foliage and Liller (X2 with continuity conection) 

1. G = 178, d.C. = 2, P < 0.001 a. X2 = 45.6, dJ. = 1, P < 0.001 

2. G = 24.0, dJ. = 1, P < 0.001 b. X2 = 8.43, d.f. =1, P = 0.004 

3.G 21.7, dJ. 2, P < 0.001 c. X2 8.85, dJ. = 1, P = 0.003 

4. G = 55.6, dJ. 2, P < 0.001 d.X2 24.37, d.f. = 1, P < 0.00 

5. G = 6.94, d.f. 2, P < 0.05 
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Figure 4.1: Proportions of V. vulgaris in samples of workers from four microhabitats at four sites in beech 
forest in, (a) 1989 and (b) 1990. The four sites can be considered equivalent to a time sequence at one site 
and therefore points have been joined by lines. Vertical bars represent 95% binomial confidence intervals. 

Distribution among trees 

Numbers of wasps swatted on individual trees in 1989, in logged and uncut Tiropahi 

forest are given in Table 4.3. Almost all wasps on all trees in the uncut forest were 

V. vUlgans (Figure 4.2): the overall proportion of V. gennanica was 0.06. In the logged 
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Table 4.3: Numbers of V. gennanica and V. vulgaris swatted on individual trees at Tiropahi in 1989, in 
selectively logged and unlogged habitats, and the number of wasps counted on one face of the bottom two 
metres of each honeydew trunk (wasp count). Vv == V. vulgaris, Vg V. germanica. 

Selectively logged Forest Unlogged forest 
Wasp Number Proportion Wasp Number Proportion 
count Vv Vg Vg count Vv Vg Vg 

188 6 103 0.94 10 36 1 0.03 
4 5 1 0.17 5 6 0 0,00 

20 5 15 0.75 38 89 3 0.03 
21 4 15 0.79 3 8 3 0.27 
9 4 3 0.43 10 25 1 0.04 
3 4 0 0.00 1 1 0 0.00 
1 1 0 0.00 1 2 0 0.00 
2 2 1 0.33 4 9 0 0.00 

10 8 3 0.27 1 1 0 0.00 
28 23 2 0.08 2 3 1 0.25 
5 7 2 0.22 5 11 0 0.00 
1 1 0 0.00 1 1 0 0.00 
4 3 0 0.00 37 29 2 0.07 
2 2 0 0.00 23 25 0 0.00 

16 15 0 0.00 17 48 0 0.00 
9 12 2 0.14 75 52 2 0.04 
1 1 0 0.00 15 49 0 0.00 
2 3 1 0.25 1 7 0 0.00 
2 2 1 0.33 1 13 2 0.13 

28 21 2 0.09 0 3 0 0.00 
25 5 21 0.81 6 2 0 0.00 
5 2 2 0.50 27 39 2 0.05 

15 7 6 0.46 1 2 0 0.00 
3 2 1 0.33 1 1 0 0.00 
1 2 0 0.00 1 6 1 0.14 
9 8 3 0.27 5 2 1 0.33 
2 3 3 0.50 14 12 0 0.00 
7 9 0 0.00 9 11 0 0.00 
7 5 2 0.29 1 1 0 0.00 
6 6 3 0.33 4 4 0 0.00 

26 1 15 0.94 9 11 0 0.00 
3 4 0 0.00 3 3 0 0.00 

29 3 10 0.77 35 25 4 0.14 
4 5 0 0.00 

22 5 9 0.64 
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Figure 4.2: Frequencies of honeydew tree trunks in unlogged and selectively logged forest at Tiropahi with 
different proportions of V. vulgaris and V. germanica in 1989. 

habitat, the two species were almost equally abundant (overall proportion of V. 

germanica on honeydew trunks = 0.56). Despite being present in almost equal 

abundance, very few individual trees produced a sample of wasps close to this mean: 

usually trunks were dominated by one species or the other (Figure 4.2). 

Discussion 

Habitat differences 

Sampling of workers within, and around forest showed that V. gennanica was 

eventually eliminated from both uncut and selectively logged honeydew beech forest. 

While present V. germanica was relatively more abundant in open logged habitat 

surrounding forest than within it, but this difference did not permit coexistence with V. 

vulgaris in either habitat. 
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Microhabitat use and local coexistence 

Within honeydew beech forest, foraging differences were found between species, and 

might have been expected to permit some degree of local coexistence. The most 

important difference was between wasps foraging for protein over litter and foliage 

within the forest. Despite this difference, V. vulgaris displaced V. germanica completely 

in honeydew beech forest within three to five years of invasion (Chapter 1, Moller et 

al. 1990). This suggests that factors other than competition for protein were 

responsible for species replacement. 

The four sites shown in Figure 4.1 can be regarded as a cross-section through the 

invasion front of V. vulgaris as it moved south down the west coast of the South Island 

(c.f. Sandlant & Moller 1989). As V. vulgaris invades an area it forages principally on 

foliage, and only later comes to dominate other microhabitats. The last stronghold of 

germanica appears to be open ground surrounding forest, although eventually it may 

be eliminated from this too, as has occurred at Spooners Range Scenic Reserve. 

If one assumes that the four sites in Figure 4.1 reflect patterns of microhabitat 

change that would occur through time at one site, then one can infer that the switch in 

numerical dominance on honeydew trunks from V. germanica to V. vulgaris is more 

rapid than that in the other three microhabitats. This implies that the more abundant 

species may be able to monopolize the honeydew resource: few trunks supported large 

numbers of both species, and that there may be agonistic interactions between them. 

Parrish (1984) found that interspecific aggression was greater than intraspecific 

aggression between V. germanica and V. maculifrons (de Buysson). If this is true for V. 

germanica and V. vulgaris, the numerically dominant species may actively exclude the 

other. V. germanica has been shown to be socially facilitated (Parrish & Fowler 1983), 

so the two species may also be attracted to trees containing wasps of the same species. 

The 14 decisive conflicts observed between V. germanica and V. vulgaris workers 

resulted in victory for the former (Harris et aL 1991b, Appendix 2), but despite this, it 

is v: vulgaris that is displacing V. germanica within New Zealand beech forests. During 
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the course of this study a number of conflicts were observed between wasps foraging 

on honeydew, but one or both wasps normally changed direction or backed away 

without overt aggression occurring (see Chapter 6), Therefore, agonistic exclusion of 

V. germanica from honeydew trunks by V. vulgaris seems unlikely to be the mechanism 

of species replacement 

Some degree of microhabitat or resource partitioning, as demonstrated by wasps 

foraging for protein in honeydew beech forest may be necessary for the coexistence of 

wasps, but it is apparently not sufficient to guarantee coexistence, Protein diet is not 

the only resource for which wasps are potentially competing, and use of the honeydew 

resource appears to show complete overlap, Of course, overlap in the use of a resource 

does not in itself demonstrate competition unless the resource is in limited supply. In 

the next two chapters I investigate foraging of the two species for protein and 

carbohydrate and the affect of changes in food availability on wasp behaviour. 
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CHAPTER PROTEIN DIET VESPULA AND 

~~~~ IN HONEYDEW FOREST 

Introduction 

Wasp foragers obtain animal prey to feed to their developing larvae, and carbohydrate 

to satisfy their own energy requirements and those of other workers remaining in the 

nest (Spradbery 1973). Protein is generally not ingested but carried back to the nest 

using the mandibles (Archer 1977). Detailed dietary studies of Vespula germanica and 

V. vulgaris in Europe and North America reveal their versatility as predators and 

scavengers of a wide variety of protein sources (Broekhuizen & Hordijk 1968, Archer 

1977, Gambino 1986, and reviews by Spradbery 1973, and Edwards 1980). In New 

Zealand, there are several records of wasps preying on various invertebrates (Thomas 

1960, Fordham 1961, Gibbs 1980 & 1983, Kleinpaste 1980, Little 1981, Thomas 1987), 

however, no quantitative studies of wasp diet have been made. 

Spurr (1989a, 1989b) described variation in the attractiveness of protein baits 

taken in trials at different times and sites, and earlier poisoning protocols using fish 

baits laced with Mirex poison (Perrott 1975) had very variable success in attracting 

wasps (Walton & Read 1976, Akre et al. 1981). Moller et aL (1988b) also reported 

lower acceptance of fish protein baits by V. vulgaris at Trass than Pelorus Bridge 

(Appendix 3) and sites used by Spurr (1989a, 1989b) during summer 1988. One reason 

for differences in poisoning success might be changes in protein demands of wasps 

over time. Such changes in protein demands may be due to fluctuations in prey 

availability resulting in changes in protein bait attractiveness, or other factors, such as 

a limitation of carbohydrate resources, may be responsible. Understanding the reasons 

for such variations are crucial if we are to determine what food resource(s) may be 

limiting wasp abundance. 

Differences in microhabitat use were identified between V. vulgaris and 

V. germanica foraging for protein within honeydew beech forest (Chapter 4). The aim 
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of the work discussed in this chapter was to determine if such differences were 

reflected in the prey taken by V. VUlgaris and V. germanica, and if seasonal changes in 

wasp diet were present that may indicate a resource limitation. 

The diets of vespulid wasps in Nelson and West Coast honeydew beech forests 

were investigated by intercepting foragers returning to nests at one site in each region. 

proportion of foragers returning with protein was determined, and estimates were 

made of prey consumption. The influence of recent rainfall on the number of wasps 

transporting protein to nests by foraging workers of V. vulgaris and V. germanica is 

discussed for later comparison with carbohydrate foraging (Chapter 6). 

Methods 

Sampling forager loads 

The protein diet of wasps was investigated at Spooners Range Scenic Reserve and 

Tiropahi. An entrance trap was designed and used to sample returning foragers 

(Appendix 4). The trap was employed successfully at four nests at both sites in 1989, 

with samples being collected over 23 days between 2 February and 7 May. Prey 

fragments were removed from returning foragers and kept for identification. 

In 1990, dietary samples were obtained from the Tiropahi site only. All 30 nests 

located there belonged to V. vulgaris, and only 3.4% of workers collected while 

foraging were V. gemzanica (Chapter 4). Therefore, to enable dietary comparisons to 

be made, eight V. germanica colonies were moved into the site; seven of these nests 

came from urban Nelson and one from Westport. 

Colonies to be moved were first placed in nest boxes 400 mm square and lined 

with mm thick polystyrene for insulation. One side of each nest box had an exit hole 

with a trap-door attached. Netting suspended inside the box held the nest above the 

floor and allowed workers access to the bottom layers of comb. The box was placed in 

the cavity from which the nest had been taken and left for at least 5 days: this enabled 
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the colony to become established in the nest box, and become familiar with the new 

entrance. The colonies were transported to Tiropahi during the nights of 11 February 

and 5 March, and the following mornings the trap-doors were opened so the wasps 

could forage in their new environment. After relocation at the study site, three V. 

gennanica nests, and four V. vulgaris nests were fitted with entrance traps which were 

used to intercept returning foragers on 12 days between 18 February and 10 April 

1990. 

Determination of wasp density and prey consumption 

Estimates of the number of prey loads brought to each nest, and into all nests per 

hectare, were obtained using the following equations: 

Eqn.l: Daily prey consumption 
per nest 

Mean traffic x Mins. of x Proportion 
rate daylight carrying prey 

The "traffic rate" was obtained by counting the number of wasps that entered and 

left a nest per minute. A single minute count of the exiting, and entering traffic was 

recorded for each nest found along belt transects searched at each of 19 sites in 

March-April 1989 (Thomas et al. 1990). The traffic rate of nests are fairly constant 

throughout the day with peaks of activity at dawn and dusk (Edwards 1980, author's 

observation). The number of foraging trips in a day depends on day length, and day 

length averages about 800 minutes over the course of the active foraging season 

(Anon. 1987). The proportion of foragers carrying prey at each site was determined 

from dietary sampling. 

Eqn.2: Daily prey consumption 
per hectare 

Daily prey consumption x Nests per. 
per nest hectare 

Estimates of nest density at 19 sites in the north-western South Island were 

obtained by searches for wasp nests along belt transects with areas ranging from 0.65 
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to 3.71 ha (Thomas et aL 1990). Searches were conducted at the height of the wasp 

season (March to April). 

Eqn.3: Seasonal prey consumption 
per hectare 

Daily prey consumption x Peak equivalents 
per hectare at peak 
wasp activity 

At Tiropahi, two randomly located Malaise traps were used to monitor temporal 

changes in relative abundance of the two wasp species. The traps were in place from 

January to June 1989. Raw data were standardised to wasps caught per 26 days 

because sampling intervals ranged from 26 to 47 days. The standardised counts were 

plotted against time with the middle of the sampling period being used as the 

x coordinate. By knowing how wasp abundance changed seasonally the total number of 

days on which wasp foragers were active was estimated. By then calculating the area 

under the abundance curve, and dividing by peak abundance, the number of foraging 

days equivalent to those at peak abundance was obtained. This enabled seasonal prey 

consumption to be calculated (Eqn. 3). 

Eqn.4: Biomass of prey consumed = Seasonal prey consumption x Mean prey 
per season per hectare per hectare biomass 

A random sample of prey carried by 82 V. vulgaris and 109 V. gennanica was 

collected at Tiropahi on six days between 7 March and 7 April 1990. Samples were 

weighed fresh and retained for identification. 

Effect of rain 

Prey foragers were defined as those intercepted carrying an external load of animal 

matter. The remainder either carried wood pulp or had no external load. Samples were 

allocated to wet and dry days based on the presence of any rain in the hours prior to 

sampling. 
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Results 

Wasp diet 

A total of 8002 foragers was sampled at the two sites of which 1190 (14.9%) 

either in their mandibles, or with their legs (Table 5.1). Of the remaining 

foragers, 7.8% carried woodpulp, and 77.3% had no external load. Most prey items 

observed appeared to have been freshly killed. 

Of the 1190 prey items collected, 70% were identified to at least ordinal level, 

and are considered in the subsequent analysis (Table 5.1)., 

At Spooners, identified prey of V. vulgaris consisted mainly of lepidopteran 

larvae (33%), spiders (23%) and Diptera (20%) (Figure 5.la). Similar proportions of 

each prey type were returned to each of the four nests sampled (x2 == 16.08, d.f = 12, P 

> 0.1) (Appendix 5). 

The composition of identified prey orders at Tiropahi in 1989, differed between 

the two wasp species (x2 = 25.41, d.f. = 7, P < 0.001). The prey of V. vulgaris was 

predominantly spiders (32%). lepidopteran larvae (28%), and Diptera (16%), whereas 

that of V. gennanica was mostly lepidopteran larvae (27%), spiders (23%), 

orthopterans (18%), and Diptera (18%) (Figure 5.1b). 

In 1990, prey consumption differed from that found the previous year, and 

differences between the species were again observed (x2 = 59.09, d.f == 6, P < 0.001). 

The diet of V. vulgaris was dominated by hymenopterans (35% (83% of which were 

ants». Hymenopterans (48% (71% ants» were also the principal prey of V. gennanica 

(Figure S.lc). As in 1989, V. vulgaris returned with more hemipterans, and V. gennanica 

carried more orthopterans. 
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Table 5.1: Numbers and identities of prey taken from Vespula foragers at Spooners and Tiropahi in 1989 
and 1990. Vv V. vulgaris. Vg = V. gemtanica. 

PREY ITEM SITE 
Spooners 1989 Tiropabi 1989 Tiropahi 1990 

Vv Vv Vg Vv Vg 

Nests Sampled 4 2 2 4 :3 
Sampling days 9 9 7 10 11 

Sampling Date 15 Feb 2 Feb 3Mar 18 Feb 18 Feb 
Last sampling Date 7May 24 Apr 26 Apr 10 Apr 10 Apr 
Wasps Sampled 2713 1456 1015 1723 1095 
Total Loaded 583 262 251 423 299 
Total Prey Items 411 165 125 286 203 
Identified Prey 345 139 95 264 179 

78 19 21 44 25 

Blattodea 2 

Coleoptera (adult) 6 1 2 4 1 
(larvae) 2 2 

Dermaptera 1 

Diptera 45 18 13 24 9 
Calliphoridae 2 1 
Mycetophilidae 1 
Simuliidae 1 
Tipulidae 7 1 

Hemiptera 4 13 1 17 3 
Cicadellidae 2 
Cixiidae 2 
Eurymelidae 9 

Hymenoptera 15 10 3 11 10 
Braconidae 1 1 1 
Formicidae 2 63 53 
Vespidae 
Vespula 2 3 2 1 1 
vulgaris 5 

Apidae 
Apis 
melli/era 5 3 6 

Lepidoptera (adult) 16 2 9 1 2 
(larvae) 72 32 11 15 2 

Orthoptera 2 4 7 
Gryllidae 

Pteronemobius 4 
Stenopelmatidae 1 1 9 1 9 
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(Table 5.1. cont.) 

Psocoptera 16 1 10 

ARACHNIDA 

Acari* 3 

Araneae 61 31 17 54 40 
Salticidae 1 1 1 2 

Pseudoscorpiones 1 

* associated with unidentified tissue 

No seasonal pattern was apparent in the diet of either species in 1989, but in 

1990 the diet changed between February-March and April (Figure 5.2) (V. vulgaris X2 

= 75.30, dJ. == 5, p < 0.001; V. germanica X2 :::: 18.35, d.f. == 3, P < 0.001). In April, 

Hymenoptera (mainly ants) became the dominant prey group and the relative 

importance of most other orders fell (Figure 5.2). 

Load size and prey weights 

V. germanica returned to nests with prey loads that were on average, 3.5x heavier than 

those of V. vulgaris (Table 5.2) (ANDV A, P < 0.001). In addition, the weight of prey 

fragments belonging to different prey taxa differed (AND V A, p < 0.001). Fragments 

of orthopterans (mostly Stenopelmatidae (wetas)), honeybees (Apis mellifera (L.)), 

wasps (Vespula), and lepidopterans were the heaviest carried, and were taken by the 

two species in different proportions (Table 5.2). 

Prey consumption by the wasp population 

Malaise trap catches obtained at Tiropahi (Figure 5.3) showed that the abundance of 

V. vulgaris peaked earlier, and was over five tirries higher than that of V. germanica. By 

extrapolating from Figure it can be estimated that V. VUlgaris foragers were present 
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Figure 5.1: Relative abundance of arthropod orders in the diets of wasps: (a) V. vulgaris at Spooners 
Range; (b) V. vulgaris and V. germanica at Tiropahi in 1989; (c) V. vulgaris and V. germanica at 
Tiropahi in 1990. 
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Figure S.2: Relative abundance of arthropod orders in the diet of wasps at Tiropahi in Feb-March, 
and April 1990. (a) V. vulgaris (b) V. germanica 

at the site for about 175 days, the equivalent of 85.8 days at peak abundance (c.f. Eqn. 

3). 

Estimates of prey intake by V. vulgaris were calculated for locations where nest 

densities and traffic rates were estimated (Thomas et al. 1990). Western South Island 

sites in honeydew beech forest had an estimated average of 810 000 (range: 250000 to 

1 270 000) prey loads entering nests per hectare in the 1988-89 season (Table 5.3a). 

The mean fresh weight of prey loads for 82 V. vulgaris was 1.7 mg (Table 5.2). This 

represented an average of 1.4 kg of prey per hectare per season being taken to nests in 

western South Island honeydew beech forest. 
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Table 5.2: Fresh weights (mg) of prey carried externally by V. vulgaris and V. gennallica foragers taken at 
Tiropahi between 7 March and 7 April 1990. Mean ± SD; sample in parentheses. 

Prey Load Weight 
Group V. gemtallica V. vUlgaris 

Coleoptera 0.75 ±0.50 
(2) 

Diptera 3.17 ± 1.80 2.05 ± 1.75 
(3) (10) 

Hemiptera 0.75± 0.50 
(7) 

Hymenoptera 2.24± 3.07 0.70 ± 0.80 
(8) (5) 

Formicidae 0.74 ± 0.66 0.96± 1.12 
(26) (22) 

Vespidae 32.90 ± 20.22 9.00 
(2) (1) 

Apis 15.30 ± 15.11 
(3) 

Lepidoptera 15.63 ± 24.76 9.70±7.21 
(3) (2) 

Orthoptera 16.26 ± 12.26 
(8) 

Araneae 3.54 ± 5.85 2.27 ±2.27 
(22) (17) 

Unknown 2.94 ± 5.37 0.83 ± 0.58 
(35) (16) 

Total 4.73 ± 9.06 1.71 ± 2.31 
Prey (109) (82) 
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Figure 5.3: Wasp abundance at Tiropahi as indicated by malaise net trapping from January-June 1989. 

For the northern South Island the estimates of prey-carrying foragers returning 

to nests are much higher with an average of 4790 000 per hectare (range: 1020 000 to 

9 010 000 per ha) (Table 5.3b). Therefore about 8.1 kg of prey per hectare was being 

taken to wasp nests in a season. 

Effect of rain 

The proportion of foragers carrying prey in wet and dry conditions varied between 

species and sites (Table 5.4). However, at each site wasps collected more prey on days 

without than with rain. 

Discussion 

Wasp diet and interspecific variation 

The diet of wasps in honeydew beech forest in the north-western South Island of New 

Zealand was broadly similar to that recorded in Europe and North America where 

Diptera, lepidopteran larvae, and spiders are also important foods (Broekhuizen & 
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Table 5.3: Estimates of seasonal animal prey brought into V. vulgaris colonies per hectare in honeydew 
beech forests. 

Number 
of Prey 
For~ers Biomass 

Site (xlO jha) (gjha) 

a) Western South Island 

Corbyvale 1.09 1855 
Charming Creek 0.42 709 
Hochstetter Lake 0.24 420 
Hochstetter Dam 1.13 2157 
Merrijigs 0.97 1643 
Slab Hut 0.59 995 
Oparara 1.09 1854 

Mean 0.81 1376 
S.D. 0.39 664 

b)Northern South Island 

Spooners Range 2.01 3414 
Winns 2.24 3809 
Peiorus Bridge 5.23 8894 
Tin Line 6.89 11714 
Pretty Bridge 1.02 1732 
Watson Creek 6.89 11714 
Matakitaki 4.09 6950 
Tiraumea 9.01 15310 
Mt Misery 2.47 4198 
Loop 8.64 14694 
Howard 2.07 3517 
Owen River 6.92 11766 

Mean 4.79 8143 
S.D. 2.83 4806 
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Table 5.4. The percentage of vespulid workers returning to nests at Spooners Range Scenic Reserve and 
Tiropahl (from February to May 1989) that carried prey in wet and dry weather. "Wet" days were defmed 
as those with some rain in the 24 hours prior to sampling. Number of wasps in parentheses. 

SPOONERS TIROPAHI 
Weather V. vulgaris V. vulgaris V. germanica 

WET 2.59 5.26 1.81 
(541) . (380) (554) 

DRY 18.46 14.91 24.95 
(2172) (966) (461) 

TOTAL 15.14 11.33 12.31 
(2713) (1346) (1015) 

Comparison X2 dJ. p X2 dJ. P 

Species difference at Tiropahi Weather difference 

WET 4.49 1 0.034 Spooners V. vulgaris 85.92 1 < 0.001 

DRY 15.98 1 <0.001 TIropahi V. vulgaris 14.14 1 

Tiropahi V. germanica 124.78 1 

Site difference for V. vulgaris 

WET 8.67 1 0.003 

DRY 34.15 1 <0.001 

<0.001 

<0.001 

Hordijk 1968, Archer 1977, Gambino 1986). The exact proportions undoubtedly vary, 

depending on local prey abundance. Differences were recorded between sites, over 

time, and between species, and were most marked at Tiropahi between 1989 and 1990 

when there was a drop in the importance of lepidopteran larvae, and as the season 

advanced in 1990 the importance of winged ants increased. 

Broekhuizen and Hordijk (1968) commented that the numbers and kinds of prey 

caught by members of different colonies, and from a single nest on different days, 

could vary greatly but they did not quantify this. However, food brought to the four V. 

vulgaris colonies studied at Spooners was very similar (Appendix 4). Dietary 

differences between V. gennanica and V. vulgaris were identified in both years at 

Tiropahi, and may reflect differing micro-habitat use patterns. When the two species 

are found together, V. gennanica forages more amongst litter on the forest floor and in 
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open areas surrounding forest remnants, whereas v: vulgaris tends to be more 

abundant on foliage of trees and shrubs (Chapter 4, Appendix 2). 

Foragers of v: germanica are generally larger than those of v: vulgaris (Spradbery 

1973). This enables them to carry heavier prey loads, and may account for some of the 

differences observed in mean prey weight Dietary differences between the two species 

affected average prey weight v: germanica took a greater proportion of large 

insects including orthopterans, honeybees, and vespulids, than did v: vulgaris. 

Many of the unidentified items collected by v: germanica at Tiropahi may have 

been pieces of weta. This is suggested by an observed attack on a tree weta Hemideina 

sp. by 15 to 20 v: vulgaris foragers at Spooners. The wasps were feeding on the weta for 

over two hours and more than 100 loads were taken before an identifiable skeletal 

fragment (in this case a piece of leg) was removed. Weta made up a high proportion of 

the diet of v: germanica, which makes it likely that much of the unidentified prey tissue 

belongs to this group. 

Sandlant and Moller (1989) found higher wasp densities in areas containing both 

wasp species, than in areas where v: vulgaris had not yet invaded. What happens to 

wasp densities once v: germanica is displaced is unknown, however, during the 

transitional period predation presumably increases overall but on a wider range of 

prey and in a greater range of microhabitats. 

Effect of rain 

Archer (1985) considered that foraging rate was determined by internal conditions of 

the colony. However, internal conditions are modified by external factors such as 

rainfall. Thus on days with rain a large reduction in the amount of protein brought to 

nests was observed. In theory, this could have been triggered by fewer invertebrate 

prey being available after rain, energy demands of the colony being increased leading 

to fewer foragers searching for protein, or a decrease in the ability of the wasps to 

gather sufficient high energy foods due to rainfall decreasing honeydew availability. 
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In practice, a reduction in protein foraging is unlikely to be caused by a reduction 

in prey availability as numbers of wasps on protein baits during bait trials decreased 

sharply when it rained (Appendix 3). The reverse might be predicted if protein foods 

other than baits were hard to find. In addition, fewer wasps were seen foraging for prey 

directly after rain (author's observation). 

Traffic rate of vugaris colonies declines during heavy rain (Spradbery 1973) 

suggesting that wasps are prevented from gathering food then. If so, collection of high 

energy foods like honeydew may become an immediate priority for the sustenance of 

the colony, rather than the collection of protein, that is required for larval growth. 

Also, honeydew drops are diluted and washed onto tree trunks by rain, and this affects 

foraging efficiency (see Chapter 6). 

In my investigation of microhabitat use patterns (Chapter 4) I identified 

differences between V. vulgaris and V. germanica in the places where they search for 

invertebrate prey. Differences in prey composition between the two species have also 

been identified. Together, these two findings suggest that V. vulgaris and V. germanica 

partition the prey resource thereby reducing interspecific competition for prey. 

Rainfall may act as a partial refuge for prey by reducing levels of wasp predation. 
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6: HONEYDEW FORAGING: HARVESTING A LIMITED A'OJI.:4IJ''''''' 

Introduction 

Honeydew is a key determinant of wasp and bird abundance in honeydew beech 

forests (Clout & Gaze 1984, Moller et aL 1988b, Barlow et aL 1992). Wasps obtain 

carbohydrate predominantly as honeydew gathered from the trunks and branches of 

beech trees. Honeydew is produced by a scale insect, Ultracoelostoma assimile (see 

Chapter 1), which is present in very large numbers at some sites (Moller et aL 1988a, 

Kelly 1990). Sandlant and Moller (1989) suggested that differences in foraging 

behaviour of Vespula vulgaris and V. germanica may be a key to the outcome of 

competition between the two wasp species. As honeydew is such an important food for 

wasps, a detailed study of their foraging for this resource may provide evidence of 

resource limitation and species differences that influence population dynamics. 

The time a drop of honeydew remains on the anal thread of a scale insect affects 

its size, sugar concentration, and the total food value for insects and birds (Moller & 

Tilley 1989, Moller et aL 1991). Drop retention time will be affected by wind and rain 

(which knocks the drops off) and by "grazing pressure" imposed by the insects and 

birds themselves. Large numbers of wasps are seen on scale infested beech trees 

during periods of high wasp density, and the volume and concentration of honeydew is 

correspondingly low (Beggs 1988, Moller & Tilley 1989, Moller et aL 1991). 

Experiments by Moller et aL (1991) showed that when scale insects were enclosed by 

cages, drops of honeydew formed rapidly on their anal threads, and available energy 

increased by an estimated 99.1% and 98.4%, in January and March, respectively. 

Although these experiments did not provide conclusive evidence that wasp foraging 

was the cause of the reduction in standing crop, the findings suggested this was so. 

Large reductions in the standing crop of honeydew changes the foraging patterns 

of most forest inhabitants that use this resource. For example, when the honeydew 

standing crop is low honeybees stop feeding on it and hive activity is reduced (Moller 
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& Tilley 1989); similarly, bellbirds, tui and kaka stop feeding on honeydew when it is in 

short supply (Boyd 1987, Beggs 1988, Beggs & Wilson 1991). Large reductions in 

honeydew standing crop, and the presence of high densities of wasps on trees suggests 

that intraspecific competition for honeydew is likely to be an important factor 

influencing wasp foraging behaviour also. 

Acquisition of honeydew by wasps has its costs. Time is lost that could be put to 

other activities, and the additional energy spent obtaining the resource causes wear 

and tear to the bodies of wasps. Unlike honeybees, Vespula spp. do not store food, and 

therefore cannot avoid foraging for food in poor weather or during periods of food 

shortage. Any changes in resource quantity and quality caused by wasp foraging will 

have an impact on the rate at which energy is harvested. Moller and Tilley (1989) 

reported changes in wasp behaviour that may have been associated with maximising 

foraging efficiency. Depending on the number, size and stickiness of drops, wasps took 

them while hovering, after landing, or during long periods spent lapping the substrate, 

particularly in crevices. 

Honeydew production varies seasonally and diurnally (Gaze & Clout 1983, Boyd 

1987, Kelly in press), and it is also affected by weather (Moller & Tilley 1989), 

although to what extent has not been quantified. Fluctuations in honeydew standing 

crop probably affect the behaviour and foraging efficiency of wasps. Cool conditions, 

high winds, and heavy rain can temporarily reduce the number of individuals foraging, 

but appear to have little effect on diurnal activity patterns (Blackith 1958). Rain, 

however, can alter the time allocated to various activities by reducing protein foraging 

(Chapter 5). 

The aim of the work reported in this chapter was to: (i) monitor changes in the 

honeydew resource brought about by wasp foraging and rain; (ii) determine changes in 

wasp activity and abundance on honeydew trees as the honeydew resource changed; 

(iii) identify different foraging modes and measure their relative efficiency; and (iv) 

determine whether V. vulgaris and V. gennanica foraged in different ways. These aims 

test whether switches in feeding mode are controlled by resource availability and if so, 
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whether feeding rate is depressed, and the resource reduced, during periods of high 

wasp abundance. Differential foraging efficiency might be a key determinant of the 

outcome of competition between V. vulgaris and gennanica. I hypothesised that if 

honeydew was the limiting resource for which the two wasp species compete, then V. 

vulgaris would be able to exploit the honeydew more efficiently than V. gennanica. 

Methods 

Honeydew measurements on standard monitoring trees 

Honeydew parameters were recorded at the Trass study site on 19 days between 7 

November 1990 and 23 March 1991. On each occasion honeydew abundance and 

quality was measured between 0900 and 1100 h so that fluctuations in abundance 

associated with diurnal patterns would be minimised. 50 cm x 5 cm quadrat was 

permanently attached at chest height to the trunks of 20 trees (18 of the "standard 

monitoring" trees used by Moller and Tilley 1989). These trees had been selected non

randomly to include a range of honeydew infestations (Moller & Tilley 1989), and two 

additional trees added replaced two that had died since the completion of their study. 

The numbers of honeydew drops within each quadrat were counted on each visit. 

Mean drop size was calculated by collecting a minimum of 20 drops from outside, but 

close to, the quadrat with a capillary tube of known volume. The sugar concentration 

of drops was estimated by measuring their refractive index with a hand-held 

refractometer. The refractive index obtained was converted to sugar concentration 

(mg/ml) using standard sucrose tables and corrected for the actual carbohydrate 

composition of honeydew (conc/1.145 Grant Beggs 1989). This value was 

converted to energy units (Joules) by multiplying by 16 (the energy content of 1 mg of 

honeydew - Grant and Beggs 1989). 
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The number of wasps present on the lower 2 m of the face of each trunk to which 

the honeydew quadrat was attached, was recorded on each occasion honeydew was 

measured. 

Rainfall was recorded throughout the sampling period with a :Lambrecht 

automatic rain gauge sited in a clearing between the forest remnant and an adjacent 

pine plantation. 

Wasp activity 

Wasp activity was measured on eight days between 15 February and 23 March 1991, on 

an additional set of 20 "wasp activity" trees. The trees were again chosen non-randomly 

to provide a range of scale insect infestation levels. On each visit I counted the number 

of wasps on one face below a marker placed at a height of 2 metres. Tree 

circumference was measured at chest height and the numbers of wasps converted to 

wasps/m2. When first seen, wasps were recorded as belonging to one of three 

categories: those hovering over the tree trunk, crawling across the trunk, and inactive. 

Wasps were then disrupted by making one pass with a clipboard about 10 cm from the 

trunk, from 2 m to ground level. The numbers of wasps that flew away, dropped on to 

the ground, and stayed on the tree were recorded. 

Foraging behaviour 

Foraging behaviour on honeydew trees was quantified by describing movements of 

individual wasps on to audio-tape. During recording, wasps sometimes stopped 

feeding. If this occurred, the source and duration of any disruption was noted. Tapes 

were later transcribed and a time budget was calculated for each wasp observed. 

Because honeydew droplets were easily visible on the end of anal tubes it was easy to 

record when a drop was collected by a wasp. Only V. vu!garis occurred at Trass in large 

numbers. Their feeding behaviour was recorded in early summer and autumn. To 
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allow species comparisons, three V. gennanica nests were transported to Trass from 

suburban Nelson between 15 and 18 February 1991, and five were taken from 

regenerating forest at Portage" in the Marlborough Sounds, on 13 March 1991 (see 

Chapter 5 for methods). The behaviour of wasps was recorded only on trees that had 

both species present. behaviour of all V. gennanica present, and an approximately 

equal number of randomly selected V. vUlgaris that were foraging on similar parts of 

the same tree trunk was recorded. 

Types of behaviour displayed by foragers on honeydew trees were: 

'" mid air feeding - wasps hover up and down the tree trunk locating droplets and 

feeding while remaining in flight. 

* hover & land - wasps hover close to the tree surface until droplets are located, then 

land beside the anal thread and feed. Wasps then resume hovering in search of 

another droplet. 

'" active crawling - wasps crawl rapidly over the trunk, often in a repetitive circuit, 

orientating towards droplets and feeding on them. 

'" inactive crawling - wasps crawl slowly over the tree surface apparently not 

orientating towards droplets, but crawling with their heads down and occasionally 

stumbling across drops on which they feed. Some droplets are knocked from anal tubes 

and either drop off the tree, land on the tree surface, or stay on the body of the wasp. 

A shower of falling wasps can be triggered with a wave of the hand since many of these 

inactive crawling wasps have difficulty flying. 

>I< lapping - while stationary or crawling (mostly inactive crawling), wasps lap tree or 

black fungus surfaces, rather than feeding from drops on anal tubes. 

'" hovering hovering is used while feeding, to ,move from drop to drop, to locate 

another patch from which to feed, or to avoid some form of disturbance. 

>I< disturbed - feeding wasps are most often disturbed by other wasps, but were also 

disturbed by bumblebees, flies, honeybees, birds flying close to the trunk, me moving 

too rapidly, and branches blowing in the wind. Occasionally when disturbed by a wasp, 
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or another insect, the observed wasp would act aggressively, c~using the source of the 

disturbance to withdraw. 

'" cleaning while feeding, wasps often pause briefly « 1 or 2 seconds) to wipe their 

bodies and mouth parts, presumably to clean off honeydew that has stuck to them. 

Occasionally, they spend a rather longer period (up to 60 seconds in extreme cases) 

cleaning before leaving the tree. 

The abundance and concentration of honeydew on each tree where wasp 

behaviour was recorded was estimated after observations at that tree were completed. 

Using foraging behaviour and honeydew standing crop data, two measures of 

foraging efficiency were calculated: 

Eqn.l: Time to Fill Crop (min) "" Crop Contents (ul) / Drop Size (ul) x Feeding Rate (drops/min) 

Eqn.2: Crop Energy Content (J) = Crop Contents (ul) / Drop Size (ul) x Energy Value of One Drop (J) 

The volume of crop contents was estimated in a separate study (Appendix 3). 

Activity of V. vulgaris and V. germanica on honeydew trees 

The amount of activity of individual V. germanica and V. vulgaris foragers on honeydew 

trees was compared on two days (20 March and 5 April 1991), by recording the 

distance (mm) foragers moved in a given time (1.5 sec). At least 20 foragers were 

randomly selected on each of three trees that had both species present. 

Results 

The effect of rain on honeydew standing crops at high and low wasp densities 

In November-December 1990 when wasp density was low (Figure 6.1a), mean 

honeydew standing crop on the 20 monitoring trees at Trass, ranged from 774 to 
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Figure 6.1: Changes in wasp density and honeydew parameters (X±SE) in early summer (November
December 1990) and autumn (February-March 1991) at Trass. (a) Density of wasps on honeydew trees, 
(b) honeydew standing crop, (c) drop concentrations. 

10 020 11m2 (Figure 6.1b). At the beginning of the sampling period (7 November), 

after more than a week without rainfall, drops were present on most scale insect anal 

tubes, the drops were large, and had a high sugar content (Figure 6.1c,d&e). 

Consequently, the honeydew standing crop was high (Figure 6.lb). Rainfall between 11 

November and 28 November (Figure 6.lf) kept the number and sugar content of drops 

low (Figure 6.1c&d). Drop size, however, showed greater variation (Figure 6.1e). No 
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26 

rain fell after 28 November when drop density and sugar content increased, resulting 

in an increase in the standing crop of honeydew. 

Wasp densities were higher (range 6-24 wasps/m2), and honeydew standing 

crops lower, in February-March than November-December (Figure 6.1a&b). The 

maximum standing crop recorded in February-March was only 7.5% of the November

December maximum. Rain during February-March further lowered the honeydew 

standing crop by reducing drop density and concentration (Figure 6.1c&d). Drop size, 
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however, remained comparatively small throughout February~March, and did not show 

the wide fluctuations that occurred in the absence of wasps (Figure 6.1e). 

Responses of foragers to changes in honeydew standing crop 

During the period of peak wasp abundance (February-March), on each day more 

wasps were always found on trees with more drops (r2 from 0.18 to 0.62, p < 0.05; e.g., 

Figure 6.2). general, a negative relationship was found between wasp density and 

energy availability per drop (p < 0.05 on 5 of 8 days), as drops had little time to 

recharge on trees with high wasp densities. As the mean daily standing crop of 

honeydew increased, the density of foraging wasps on trees decreased (Figure 6.3), and 

fewer wasps were inactive on trees (Figure 6.4a). No straightforward relationship 

between standing crop and the proportion hovering was found (Figure 6.4b), but more 

foragers reacted to a disturbance by taking flight (Figure 6.4c), and fewer dropped to 

the ground as honeydew standing crop increased. 

Behavioural changes of individual V. vulgaris foragers 

in response to changes in honeydew abundance 

Honeydew intake rates (drops/min) were highly variable early in the season (10 

January - 17 January 1990) (mean == 11.7 drops/min, SE 0.4, range 0-32.7 

drops/min). However, a positive relationship was found between mean intake rate per 

tree and drop availability (r2 ::::: 0.46, p < 0.005). Foragers spent much of their time 

hovering, and many drops (36%) were ingested without landing, or by landing and 

feeding without crawling (Figure 6.5a). Foragers on trees with a higher standing crop 

of honeydew spent less time hovering and more time crawling between drops (Figure 

6.5a). Virtually no time was spent lapping the tree surface. Sugar content of drops was 
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Figure 6.2: Relationship between the density of honeydew drops and the density of foraging wasps on trees 
at Trass on, (a) 18 February, and (b) 23 March 1991. These two dates had the highest and lowest r2 values of 
the 8 days sampled. 
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Figure 6.3: The relationship between mean density of wasps feeding on 20 monitoring trees at Trass and the 
honeydew present on those trees on 8 days in February-March 1991. 

high (mean refractive index 26.6), and the rate of feeding may have been limited as 

much by the time needed to imbibe concentrated drops (Figure 6.6), as by the time 

required to move to another drop. 

In late summer (18 February - 16 April), when wasp density was high, and the 

standing crop of honeydew was low, drop intake rates were similar to those recorded 

early in the season (mean 11.6 drops/min, SE = 0.6, range == 0-36.3 drops/min). 

However, drop size was considerably smaller in summer (Figure 6.1e). As in January, 

mean drop intake rates on each tree were positively related to drop density (r2 ::::: 0.25, 

p < 0.05), but time budgets for foragers were very different (Figure6.5b). Thus, little 

time was spent hovering (Figure 6.5b), and virtually no drops (0.001 % of all drops) 

were taken during this behaviour. Foragers spent most of their time crawling over trees 

and lapping the substrate, the proportion of the time spent in the latter increasing as 

the standing crop of honeydew decreased (Figure 6.5b). 
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Figure 6.4: The proportion of wasps inactive, hovering, flying and dropping (x ±SE) at 20 monitoring trees 
at Trass and the mean honeydew standing crop of those trees on 8 days in February-March 1991. 

Differences in foraging behaviour between species 

Both wasp species showed a significant increase in drop intake rate as drop density 

increased (t == 4.37, d.f. == 59, p < 0.001), but V. vulgaris fed at a faster rate at any 

given anal tube density (t == 6.90, d.f. = 59, p < 0.001, Figure 6.7). Time budgets 

calculated for the two species were similar (Figure 6.8). As the standing crop of 

honeydew increased, less time was spent lapping. At any given standing crop V. 

germanica foragers spent more time lapping (X2 == 26.9, d.f. == 5, p < 0.001), whereas 

V. VUlgaris foragers spent more time crawling and hovering. As the time spent lapping 

increased, drop intake rates when crawling decreased (Figure 6.9). 
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Figure 6.5: Time budget calculated for V. vulgaris foragers on honeydew trees with different standing 
crops of honeydew (a) in January when wasp density was low and honeydew standing crop high, and 
(b) from February to April when wasp density was higher and honeydew standing crop lower. 
Mean ±SE (n::: the number of wasps sampled in each class). 

time taken for foragers to fill their crops, and the energy content of crop 

liquid, were estimated using drop intake rates, on the assumption that all liquid was 

taken in via drops (Table 6.1). Early in the season, filling up times were low because 

drop was large. The mean estimated value of loads was 79 J, but fluctuated 

between 38 and 142 J as the concentration of drops on particular trees varied. Late in 

the season, fill time was longer than early in the season, and v: gennanica foragers took 

significantly longer than v: vulgaris to fill their crops (Table 6.1, t = ::::: 347, 
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Figure 6.8: Time budget calculated for (a) V. vulgaris and (b) V. germanica foragers on trees with 
different standing crops of honeydew late in the season (February-April) when wasp density was high 
and mean honeydew standing crop low. Mean ±SE (n = the number of wasps sampled in 
each class). 

p < 0.001). The major difference in the nature of the honeydew resource between the 

two periods was a reduction in drop size and density; drop concentration changed little 

so the energy content of crop liquid was similar early and late in the season (Table 

6.1). 
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Table 6.1: Estimates of crop filling time (min) and energy returns (J) for V. vulgaris and V. gennanica 
feeding on honeydew at Trass early and late in the season, 1991. Mean ± SE, sample size in parentheses. 

Date Species Time to Energy per 

mI crop load (J) 
(min) 

10 Jan - 17 Jan V. vulgaris 6.6 ± 0.5 78.5:1: 2.2 
(170) (170) 

18 Feb - 16 Apr V. vulgaris 50.0 ± 6.1 62.9 ± 2.4 
(190) (187) 

18 Feb - 16 Apr V. gemlanica 87.4 ± 8.1 68.5 ± 2.9 
(159) (159) 
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Table 6.2: Numbers and sources of disturbances observed while recording foraging behaviour of V. vulgaris 
and V. gelmanica on honeydew trees at Trass between 10 January and 16 April 1991. n No. of wasps 
observed. 

Source of disturbance 

Total 
observation V. V. Unknown Bumble Honey 

Species Time vulgaris getmanica wasp bee Observer Bird bee 
(hours) 

Early Season: 

177 V. vulgaris 2.32 30 1 15 17 1 3 1 

6 V. getmanica 0.09 1 

Late Season: 

202 V. vulgaris 4.15 25 29 37 19 

129 V. getmanica 5.00 30 14 22 3~ 1 

Species interactions and sources of disturbance 

While recording foraging behaviour, several species interactions and disturbances were 

observed (Table 6.2). When disturbed, wasps reacted by taking flight and moving to 

another part of the tree, moving away from the disturbance, or behaving aggressively. 

Early in the season when V. VUlgaris was active and wasp density was low, individuals 

were frequently disturbed (on average one disturbance every 122 seconds of 

observation), but only 45% of disturbances were caused by other wasps. 

Late in the season when both species were present, and wasp density was higher, 

disturbances occurred less often (one disturbance of V. vulgaris every 135 seconds; one 

disturbance of V. gerrnanica every 173 seconds). active wasps were disturbed less 

often. Wasps were the source of disturbance more often than early in the season, and 
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Table 6.3: Activity of V. vUlgaris and V. germanica foragers on honeydew trees at Trass on two dates 
1991. Values shown are distances (mm) moved in a 1.5 second period. Mean :I; SE, sample size 
parentheses. 

Crawling 

Crawling 
+ Hovering 

Distance covered (mm) per unit time (1.5 scc) 

20 March 
V. vulgaris 

29:1; 1.6 
(77) 

88 ± 13.2 
(7) 

V. germanica 

26 ± 1.3 
(76) 

3 April 
V. vulgaris V. gennanica 

23 ± 1.7 
(120) 

175 ± 33.3 
(4) 

18 ± 1.2 
(121) 

V. germanica was disturbed more by other things (37%) than was V. vulgaris (17%) 

(Table 6.2). Both species were disturbed less by conspecifics than by members of the 

other species (X2 :::::: 4.72, dJ. :::::: 1, p :::::: 0.03). Only two cases were observed where 

wasps fell off trees locked in combat. In both cases they separated and flew away upon 

hitting the ground. 

In 1989-90, species specific clumps were observed on the trunks of several trees 

at Tiropahi, when anal thread densities were high (author's observation). Similar 

clumping was only observed at Trass on one tree, on one day, when wasp numbers 

were high and activity levels were low. Neither species appeared to be able to 

dominate the resource to the total exclusion of the other. Aggressive interactions were 

rare, with neither species consistently the winner (Table 6.2). 

Individual forager activity 

The amount of forager activity varied between days (F == 20.89, d.f. := 1, p < 0.001) 

and species (F := 7.13, d.f. 1, P ::::: 0.008, Table 6.3). On 20 March, 37% of foragers 
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were recorded hovering and were responsive to a disturbance (88% flew away after the 

standard pass of the clipboard). V. vulgaris foragers were more active than those of V. 

germanica. Besides crawling faster, 9% of V. vUlgaris foragers hovered during the 

observational period; no V. germanica foragers were seen hovering. 

On 5 April, fewer wasps were observed hovering (13%), higher numbers were 

present on trees (a mean of 41.7 compared with 13.8 on 20 March), and fewer flew 

away when disturbed (51%). Activity of both species was lower, but V. VUlgaris was 

again more active than V. germanica (Table 6.3). 

Discussion 

Changes in honeydew standing crop: the influence of rain and wasps 

The build-up in wasp numbers late in the season appeared to cause a large reduction 

in honeydew standing crop at Trass in 1990-91. The maximum standing crop on 

honeydew trees in dry weather in February-March was 92.5% lower than the maximum 

recorded in November December. Similarly, Moller et aL (1991) found a 98.4% 

increase in honeydew standing crop in March 1987 at the same site, when birds and 

large invertebrates (wasps, honeybees and bumblebees) were kept away from anal 

tubes using cages. 

Rain also reduced honeydew standing crop by washing drops from trees. In the 

absence of wasps, rain reduced drop density and concentration, whereas drop size 

fluctuated widely. During windy periods, drops were blown off anal tubes, but in calm 

rainy conditions I found that large dilute drops formed on the anal tubes of some scale 

insects. When wasps were present, rain further reduced drop density and 

concentration, however, drop size remained small at all times because of the high 

cropping rates of the wasps. 
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Honeydew standing crop and wasp density: between year comparisons 

Wasp densities in the Nelson region appeared to lower in 1990-91 season than 

in the previous two seasons, and in the following season (Barlow et al. 1992). Similarly, 

the density of wasps on 20 monitoring trees at Trass was lower in February-March 

1991 than in the same months of 1986 and 1987 (Moller & Tilley 1989). Although wasp 

density at Trass was low in 1990-91 compared with these other years, large reductions 

in the standing crop of honeydew resulted, and had marked effects on the foraging 

behaviour of wasps. An increase in wasp density from one season to another should 

affect wasp behaviour in a similar manner to rain within a season; the standing crop of 

honeydew should be lower, so increasing the'intensity of competition for the honeydew 

resource (Moller & Tilley 1989, Moller et aI. 1991). 

Changes in foraging behaviour with changes in the standing crop of honeydew 

As the availability of honeydew changes, so too does foraging behaviour. When 

resource availability was high, foragers were very active, spent a lot of time hovering, 

were easily disturbed, and spent little time lapping the substrate. As drop availability 

decreased, drop (and energy) intake rates decreased, and less wasp activity was 

observed. Hovering became less frequent, and wasps became less responsive to 

disturbance. As filling up times increased, more foragers were seen on honeydew trees. 

At some point, individual foragers began lapping the substrate. Presumably, the 

energy obtained from feeding on drops alone became so low that foragers tried to 

supplement their intake through lapping up honeydew that had splashed on to tree 

surfaces. This was not a particularly successful strategy however, as foragers that were 

lapping generally become inactive and lethargic. Lethargic foragers crawled very 

slowly and with apparent difficulty, and they often crawled slowly past drops without 

feeding. When disturbed, these wasps had difficulty flying and they often dropped to 

the ground. As the proportion of time spent lapping increased, wasps harvested fewer 
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and fewer drops when crawling. Lethargic wasps rapidly recovered when they were 

taken from a tree and placed in containers. Furthermore I found that they did not die 

more rapidly than active foragers when starved. This suggests that foragers are not low 

in energy and that lapping affects them in some other way. Liquids with a high sugar 

content rapidly ferment when exposed to air, and the honeydew lapped up from the 

substrate may cause intoxication, and consequently, reduced levels of activity. This 

hypothesis is consistent with the observation that lethargic wasps recover rapidly « 10 

minutes) when removed from a tree trunk. Spradbery (1973) noted that wasps (Vespula 

spp.) feeding on fermented sap became intoxicated and umany die a drunken death" as 

a result. Edwards (1980) also recorded wasps falling to the ground "incapable of 

walking or flying" after feeding on honeydew produced by aphids. Wasp foragers that 

began lapping on beech tree trunks became less active and inefficient feeders, and the 

lethargy that resulted presumably delayed their return to colonies with loads of 

honeydew. 

Species interactions and differences 

Feeding activities of both wasp species were disrupted more often by the other species 

than by conspecifics indicating some interference competition may be occurring. 

Scramble competition between V. vulgaris and V. germanica for the limited, highly 

variable, but continually renewed honeydew resource appeared to be more important 

however. At any given density of honeydew drops, V. vulgaris foragers were more 

active, and fed at a faster rate than V. germanica. This greater feeding efficiency 

reduced the time needed by V. vulgaris to obtain a load of honeydew and return to the 

nest. V. germanica also spent more time lapping when the standing crop of honeydew 

was low, and as a consequence more V. germanica probably became lethargic, less 

active, and less efficient feeders. 

Both V. vulgaris and V. germanica were introduced to New Zealand, and are 

recent arrivals in honeydew beech forest. Consequently, neither species has evolved 
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feeding strategies specific to this ecosystem in which honeydew is the major source of 

carbohydrate. Differences in foraging behaviour on honeydew may reflect differences 

that have permitted coexistence in their native Europe. However, in honeydew 

forests, these differences may give V. vUlgaris a competitive advantage over V. 

gennanica because they allow greater and more efficient feeding activity, any given 

time during a season V. gennanica workers are larger than those of V. vulgaris 

(Spradbery 1973, author's observation). The smaller species may require less energy to 

maintain the same level of activity as the larger one, thus giving it an advantage when 

the honeydew resource becomes limited late in the season in South Island beech 

forests. In the last two chapters I consider how the feeding advantage enjoyed by V. 

vulgaris in autumn might result in the competitive exclusion of V. gennanica by V. 

vulgaris. 
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7: VARIATION THE QUALITY OF -,-"",-,~~~~~l.!.Z 

AND SIGNIFICANCE POPULATION DYNAMICS 

Introduction 

in the season (April-May), a colony's queen stimulates workers to construct large 

cells for rearing new queens. Diploid eggs laid in large cells develop into queens; in 

small cells they develop into workers (Montagner 1967 quoted in Spradbery 1973). The 

primary difference between females developing in queen and worker cells appears to 

be in the quantity and quality of food received during the larval stage. Worker size is 

restricted by the smaller size of the cell (Spradbery 1973). New queens spend two to six 

weeks within the nest, during which time they feed on larval saliva and food brought in 

by foragers (Spradbery 1973). Queens also forage for food outside the nest (Spradbery 

1973). Before leaving the colony to enter hibernation young queens must get sufficient 

food reserves to survive the overwintering period, and retain sufficient resources to 

start a new colony the following spring. Mating of wasps takes place during a period of 

flight activity lasting up to six weeks in autumn (Spradbery 1973). The social structure 

of the old colony breaks down at this time as the worker force decreases, and the old 

queen dies or loses the ability to maintain control over the workers. Warmer spring 

temperatures stimulate wasps to leave hibernation sites and begin to feed. Feeding 

initiates egg development and queens begin searching for a nest site. Once a site is 

chosen the queen must build a nest, lay eggs, and provision larvae. With the emergence 

of the first workers, the queen forages less and eventually remains in the nest to direct 

all her time and energy to egg laying. The workers then take over all foraging and nest 

provisioning roles. 

The queen controls the colony by suppressing ovariole development of workers 

through the emission of pheromones during oviposition (Marchal 1896 quoted in 

Spradbery 1973, Potter 1964, Edwards 1980, Akre & Reed 1983). The presence of the 

queen ensures the continued and regular feeding of larvae. nest size increases. the 
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worker force builds up and finally queen cell construction is initiated, again stimulated 

by a queen produced pheromone (Potter 1964). 

Periods can be identified when the state of nutrition of the queen is particularly 

critical to her survival and future reproductive potentiaL first of these periods is 

before pupation of the larval queen. The larval queen must obtain sufficient quantities 

of essential dietary components to enable it to pupate into an adult whose quality 

matches its genetically determined potential (Slansky & Rodriquez 1987). The second 

period is after pupation when the queen must lay down sufficient fat reserves to 

survive winter hibernation. 

Fat is stored in fat bodies, which consist principally of storage cells (trophocytes) 

filled with lipid, glycogen, and possibly protein (Spradbery 1973). During larval 

development, the amount of fat in the fat body increases until a maximum is reached 

during the unpigmented pupal stage. The fat store declines during metamorphosis 

(Spradbery 1973). Whether an individual pupates or continues to grow is 

neurohormonally determined, often after some minimum size or weight has been 

attained (Slansky & Scriber 1985). A time lag occurs between the start of moulting and 

the cessation of feeding, and during this period necessary hormonal changes occur 

(Nijhout 1975). If food quality and quantity, and other environmental features are 

suitable, larvae will reach their ideal weights for pupation (Nijhout 1975, Chapman 

1982, Slansky & Scriber 1985). In contrast, if larvae consume all their food before 

reaching their ideal weight (but after reaching the minimum weight required for 

pupation), they will still be able to pupate, but at a suboptimal weight. 

Norris (1933) showed that moths (Ephestia) pupated normally, but were smaller 

when partly starved during development. Egg laying capacity and the time taken to 

attain reproductive maturity were influenced by larval nutrition in the primitive 

eusocial wasp Ropalidia marginata (Lep.) (Gadagkar et al. 1991). Thomas (1960) 

observed that when wasp larvae (V. germanica) were taken to the laboratory and 

starved, only those that were sufficiently developed were able to pupate. Food supply 

also influences the size of workers. V. vulgaris and V. gennanica worker Increases 
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through a season as the worker:larva ratio increases, and larvae receive greater 

attention (Spradbery 1973), 

Variations in the quality of larval food can have a negative impact on weight 

gain, body composition, development time and survival (Edelmann 1963, Rodriquez 

1972, Thomson 1973, Lii et aL 1975, Jermy 1976, & Beck 1979, Scriber 

Slansky 1981, Slansky & Scriber 1982). Delayed emergence, small size, and reductions 

in nutrient stores and pheromone production can alter an insect's ability to reproduce, 

the timing and rate of reproduction, fecundity, dispersal ability and survival 

(Engelmann 1970, Rodriquez 1972, Jermy 1976, Blum & Blum 1979, Schneider et al. 

1982, Slansky 1982, Chapman 1982). The nature of adult food can also have a negative 

effect on adult performance (above references, Kishaba et al. 1967, Rose 1972). 

The two main features of an adult insect that influence its reproductive 

competitiveness are its size and weight. Size can influence mate choice and mating 

success, as well as its dispersal capabilities, and weight can be an indicator of the 

amount of energy and nutrients stored, can influence mate-seeking, dispersal flights, 

and fecundity (Michener 1974, Breed et al. 1978, Lloyd 1983 & 1984, Cohen 1984, 

Slansky & Scriber 1985, Tamiki 1985, Haack & Slansky 1987, Riechert & Harp 1987, 

Slansky & Panizzi 1987, Tabashnik & Slansky 1987, O'Meara 1987). Thus, the size and 

weight that a larva reaches before it pupates is a major factor influencing its potential 

fitness as an adult. 

Archer (1985) suggested that an overcompensating density dependent 

mechanism was involved in the population regulation of Vespula species. He proposed 

two possible mechanisms that were introduced in Chapter 3; (a) density related 

usurpation of early nests by spring queens, and (b) density related variation in queen 

quality. 

spring change in the relative abundances of V. vulgaris and V. gennanica in 

South Island beech forests (Chapter 3), and an inverse correlation between spring 

queen density and subsequent nest density of V. vulgaris and V. gennanica in the 

United Kingdom (Archer 1985) have been reported. Spring is the period of nest 
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establishment when high wasp mortality occurs (Archer 1984), and reduced food 

intake and species differences in foraging efficiency were identified in autumn in New 

Zealand (Chapter 6). Rain can further reduce forager activity autumn and result in 

even less protein entering colonies (Chapter 5). The question is then; "How are the 

events that occur in spring and autumn linked?" Food shortages in autumn not 

necessarily lead to population reductions in spring unless the quality of reproductives 

produced in autumn has an important effect on colony establishment. 

In this chapter I investigate variation in the quality of V. vulgaris queens. I 

predicted that food intake would differ between colonies and that the higher quality 

queens would have a greater probability of surviving the winter, 'establishing nests and 

producing reproductives the following season. 

Methods 

Study sites 

Queens were collected from six sites in the north-western South Island: Pelorus Bridge, 

Spooners, Loop, Mt. Misery, Tiramea, and Watson (see Figure 2.1 & 2.3). The sites 

were being used by DSIR scientists as part of a broader study of wasp population 

dynamics and include a range of wasp densities and localities. At each site a team of at 

least three people searched for wasp nests along marked transects of known length 

(1-2 km) in March-April 1991 (see Moller et aL 1988a for further details). The width of 

each transect varied (8-14 m) depending on the number of people available. At 

Spooners, additional nests were located as only five were found on the transect. 

Collection of queens 

Post hibernating, or "spring" queens were captured at each site between 14 September 

and 11 October 1990. They were caught using a butterfly net when present on foliage, 
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honeydew infested beech trees, or flying. Each wasp was asphyxiated with ethyl acetate 

and transferred to a dry container. At the end of each day, samples were placed in a 

freezer (-lOOC) and stored until measurements could be made. 

All nests located on transects (and elsewhere at Spooners) were dug up between 

18 April and 6 May 1991. pre-hibernating, emerged queens were in the nest up to 

five were asphyxiated in a killing jar, transferred to a container, and frozen. 

Excavated nests were placed in large plastic bags and refrigerated. Between 18 

April and 8 May the nests were opened and searched for the founding (mature) queen. 

Occasionally, the founding queen had already been removed when the nest was dug 

up, and in some she was not found. The founding queen was easily distinguished from 

emerged daughter queens, as her wings were inevitably frayed through continued 

oviposition. Also, young queens had bright, shining, black and yellow markings, 

whereas old queens looked shabby and greasy, and their yellow markings were very 

dul1. Young queens also had a coating of fine setae on the exoskeleton of the head and 

thorax, but this was worn off old queens. 

When queen comb was present, cells were uncapped and up to five pre-emergent 

adults were removed and frozen. Only well developed queens (with fully formed, hard, 

dry wings) were taken. 

Size and fat content measurements 

Queens were removed from the freezer, placed in a low temperature oven (600 C) and 

dried to constant weight (six days). Each queen was weighed, and her head width and 

thorax length were recorded (Figure 7.1) using a Wild Heerbrugg censor attached to a 

binocular microscope. Both head and thorax measurements were taken, as head width 

may reflect restrictions placed on the wasp by the diameter of the cell it grows in. 

Weight alone is insufficient for making comparisons among queen stages, as it varies 

with the age, reproductive status and fat stores of the queen. 
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(a) (b) 

Figure 7.1: Measurements made on queen wasps, (a) head width (b) thorax length. 

Wasps were placed individually in extraction thimbles and returned to the oven 

overnight. The thimble and wasp were then weighed and the fat dissolved by refluxing 

in ether in a soxlet extractor for six hours (King 1979). Samples were redried (for six 

days) and reweighed. 

A total of 697 queens from 147 nests were weighed and measured, and the fat 

was extracted from 654 of them. 

Food availability, nest productivity and queen size 

Several relationships were investigated in an attempt to link variation in queen "size" 

to nest characteristics and food availability. For all nests, the area of each piece of nest 

comb present was traced on to paper and recorded as worker or queen comb based on 

size of the cells. The paper was weighed and converted to number of cells using a 

relationship provided by Jacqueline Beggs (pers. comm.). Number of cells was used as 

a crude estimate of nest productivity and related to founding queen "size" and weight. 

The "size", fat content, and weight of daughter queens were related to nest productivity 
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as above; and to the worker force, and the worker:queen larvae ratio using the 

following equations: 

1: Worker force Traffic rate x 32.24 (Malham et al. 1992) 

Equation one represents a linear regression line calculated from the mean of five one 

minute traffic counts of the number of wasps entering and exiting each of 26 nests, 

plotted against the number of workers in each of those nests (counted by killing each 

nest at night and counting all workers present) (Adjusted r2 0.87, Malham et al. 

1991). Their nests were sampled late in the season as in this study. 

Eqn.2: Worker:queen larva ratio = Worker force / Number of queen cells containing larvae 

The traffic rate, from a single minute count of wasps entering and exiting, was 

recorded for all nests before they were dug up. The proportion of queen cells 

containing larvae was estimated by running one randomly positioned transect across 

each layer of queen comb and recording the cell contents (J. Beggs unpub. data). 

Mean "size", weight, and fat content of queens from each site were related to 

food availability using the following equations: 

Eqn.3: Worker density = Worker force per nest x Nest density 

Eqn.4: Food per worker Scale insect tube density per unit area / Worker density per unit area 

The densities of scale insect tubes were estimated at six sites along the same transects 

on which wasp nest densities were estimated (J. Beggs unpub. data). number of 

scale insect infested trees was counted along each transect and on 40 of them 

(randomly chosen), the number of honeydew threads in a 50 x 5 cm quadrat placed at 
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chest height was recorded. From these data an estimate of the thread density per 

hectare was calculated for each site. 

Data analysis 

Data were analysed to estimate the variance components between stages of the queen 

life cycle, and to partition variance between individuals, nests, and sites using ll:"JL.JU.8.Jl..J 

(Residual Maximum Likelihood analysis). REML was used rather than ANOVA and 

nested ANOVA as it performs analysis of data sets with unbalanced nested designs 

(Robinson 1987). LSDs (least significant differences) were calculated where a 

significant (p < 0.05) REML value was obtained. Simple linear regression analysis 

was used to examine relationships between various factors. 

Queen weight -and fat measurement data were loge transformed before statistical 

testing, but for ease of interpretation, untransformed data are presented in all tables. 

Results 

Weight and fat content of queens 

Queen weight ranged from 40 to 187 mg and varied between stages within a nest 

(Table 7.1). Spring and mature queens were of similar weight, whereas emerged 

queens were twice as heavy as developing queens and had the highest fat content. 

Some spring, developing, and mature queens had very low fat content « 5mg) but no 

emerged queens had < 10 mg fat (Figure 7.2). 

Developing and emerged queens differed significantly, in weight and fat content, 

among nests within a site (REML p < 0.01). Spring and developing queens differed 

significantly in weight and fat content among sites (REML p < 0.01) (Table 7.2), but 

founding and emerged queens did not. 
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Table 7.1: Mean weight and fat content of V. vulgaris queens at different stages of the life cycle. Data 
from all sites combined. 

Queen stage n Dry weight Fat Percent 
(mg) (mg) fat 

Spring 154 83.5 9.7 10.9 

Founding 125 83.5 6.6 7.8 

Developing 250 68.9 9.9 14.1 

Emerged 159 146.9 48.8 32.7 

Max LSD 4.2 2.0 1.2 

"LSD Least significant difference. A priori comparisons are different at the 5%level of significance 

if differences between the means exceed the LSD. 

(c) 

(d) 

O+-'--r~~~~~~~~~~~~~~--

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70+ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70+ 

Fat content (mg) 

Figure 7.2: Fat content of (a) developing, (b) emerged, (c) spring and (d) founding q~eens from north
western South Island beech forest sites in 1990-91. 
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Table 7:2: Site means for weight and fat content of (a) spring and (b) developing queens of V. vulgaris. 
Founding and developing queens showed no significant site differences. 

(a) 

Site Weight Fat Percent 
(mg) (mg) fat 

Pe10rus 84.6 9.1 10.4 

Spooners 74.4 6.9 9.0 

Loop 91.6 16.3 17.1 

MtMisery 81.2 9.1 11.6 

Tiramea 84.5 10.8 12.2 

Watson 82.8 6.7 7.8 

Max LSD 6.6 4.0 3.9 

(b) 

Site Weight Fat Percent 
(mg) (mg) fat 

Pelorus 75.7 14.2 18.6 

Spooners 69.6 10.8 15.3 

Loop 61.9 9.1 14.3 

Mt Misery 67.4 11.6 17.0 

Tiramea 61.3 5.7 9.3 

Watson 69.7 9.3 13.2 

Max LSD 7.6 4.8 6.2 
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Table 7.3: Mean head widths and thorax lengths of V. vulgaris queens at different stages of the life cycle. 
The maximum LSD is given in parentheses. 

Measurement 
Queen stage Head width Thorax length 

(mm) (mm) 

Spring 3.92 4.80 

Founding 3.93 4.81 

Developing 3.90 4.73 

Emerged 3.90 4.72 

(0.02) (0.04) 

Queen size 

Significant differences were found between the sizes of queens of different stages of 

the life cycle (Table 7.3). The mean head width and thorax length of founding queens 

was greater than that of developing and emerged queens, whereas the latter two stages 

were of similar size (Table 7.3). The mean size of spring queens was slightly, but not 

significantly smaller than that of founding queens (Table 7.3). The frequency 

distributions of head width and thorax length for founding and developing queens show 

that small size classes were less well represented in the founding queen population 

(Figure 7.3a&b). 

Founding queen head and thorax measurements were similar between sites (p > 

0.05). Spring queens, however, showed significant site to site variation (REML; head, p 

< 0.01; thorax, p < 0.001) (Table 7.4a). Developing queens showed significant 

between nest (REML; p < 0.001), and between site variation in size (REML; head, p 

< 0.05; thorax, p < 0.001) (Table 7.4b). Emerging queens also showed significant 

between nest (REML; p < 0.001). but not between site variation in size (p > 0.05). 
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Figure 7.3a: Numbers of (a) developing and (b) founding queens in different head width classes. 

Relationships between fat, weight, and "size" 

Body size (head and thorax dimensions), weight and fat content of developing queens 

were significantly correlated (Table 7.5a). For emerged queens weight and fat were 

significantly correlated but size parameters were not correlated strongly with weight 

and fat content (Table 7.5b). 
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Figure 7.3b: Numbers of (a) developing and (b) founding queens in different thorax length classes. Small 
founding queens are underrepresented. 

Queen size, nest productivity, and food availability 

No significant relationship was found between founding queen weight or size, and the 

number of worker, or queen cells in a nest (e.g., Figure 7.4; p > 0.05); however, the 

number of queen cells was more variable in nests containing larger founding queens, 

The thorax length, weight, and fat content of developing queens increased as the 

number of queen cells in the nest increased (Figure 7.5). Head width was not 

correlated with the number of queen cells present (p > 0.05). 



Queen Quality 88 

Table 7.4: Site means for head and thorax length of (a) spring and (b) developing queens of V. vulgaris. 
Founding and developing queens showed no significant between site variation. 

(a) 

Site Head width Thorax length 
(mm) (mm) 

Pelorus 3.94 4.80 

Spooners 3.95 4.79 

Loop 3.89 4.72 

MtMisery 3.91 4.84 

Tirarnea 3.92 4.82 

Watson 3.91 4.90 

Max LSD 0.04 0.08 

(b) 

Site Head width Thorax length 
(mm) (mm) 

Pelorus 3.92 4.85 

Spooners 3.91 4.71 

Loop 3.84 4.58 

MtMisery 3.87 4.69 

Tirarnea 3.88 4.63 

Watson 3.96 4.84 

Max LSD 0.06 0.16 
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Table 7.5: Pearson correlations between size, weight, and fat content measurements of (a) developing (n 
:= 2(6), and (b) emerged queens (n = 158). * P < 0.05, ** P < 0.01. 

(a) 

content fat width length 

Fat content 1 

Weight 0.66** 1 

Percent fat 0.50** 1 

Head width 0.22** 0.62** 0.09 1 

Thorax length 0.36** . 0.71** 0.23** 0.59** 1 

(b) 

content fat width length 

Fat content 1 

Weight 0.94** 1 

Percent fat 0.61** 1 

Head width 0.17* 0.21** 0.05 1 

Thorax length 0.03 0.00 0.11 0.50** 1 

weight of developing queens was higher in nests where the measured traffic rate was 

higher (rZ = 0.07 , n = 53, p < 0.05), suggesting 'that nests producing larger queens 

had more workers to feed them. No relationship was found between the worker:queen

larva ratio and developing queen size or weight (p > 0.05). 

No consistent relationship was evident between estimated honeydew availability 

per worker, and the mean size, weight and fat content of queens at the six sites (Figure 

7.6 a-f). 
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Figure 7.4: Variation in the production of queen cells from nests as the (a) head width, and (b) thorax length 
of the founding queen increases showing the large variation and lack of any relationship. 
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Figure 1.5: Relationship between (a) thorax length, (b) weight, and (c) fat content of developing queens and 
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Figure 7.6: Relationships between estimated honeydew availability per worker and mean (±SE) developing 
queen (a) head width, (b) thorax length, (c) weight, (d) % of bodyweight fat, for six north-western South 
Island blocks of honeydew beech forest where nest density and honeydew availability were estimated. 

Discussion 

Fat stores 

Mature reproducing queens had less stored fat than all other queen stages. This is not 

surprising since workers constantly feed the queen eliminating the need for her to have 

large fat reserves. Furthermore, she is constantly laying eggs, and would have little 

opportunity to establish a fat store. 

My results confirm the findings of Spradbery (1973) that fat deposits needed for 

hibernation are laid down after emergence of the adult. The fat reserves built up in the 

larval stage are expended during pupation. Thus, developing queens had on average 

14% fat whereas emerged queens had 33%. The fat content of queens entering 
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hibernation is likely to be higher than this as many queens in my sample would not 

have reached their maximum fat storage levels. 

variation of queens 

Mean size differences between mature and daughter queens were small (0.03 mm for 

head width 0.08 for thorax length between developing and founding queens). This 

was because a similar size range of individuals occurred in both groups, although 

smaller size classes were under-represented in developing queens. 

In the 1990-91 season, below average wasp densities were found in the Nelson 

region (Barlow et al. 1992). If densities had been higher, I would have predicted that 

more smaller queens would have been included in the following generation because of 

greater competition for food resources. 

The quality and quantity of food received before pupating influences the size of 

queens (Norris 1933, Nijhout 1975, Chapman 1982), and their potential to store fat. If 

it is assumed that a wasp is cylindrical in shape, and that variation in head width and 

thorax length represent changes in the diameter and length of the cylinder, then a 15% 

increase in each dimension will result in a more than 50 % increase in the volume of 

the cylinder. The maximum difference I observed between the smallest and largest 

developing queens was 15 and 22% for head and thorax measurements respectively, 

and indicate that substantial differences in abdominal fat storage could be expected 

between individuals. 

High mortality of Vespula queens occurs during winter. For example, Archer 

(1984) estimated that 97.8% of autumn queens of V. vulgaris in the United Kingdom 

died during winter. High mortality may be a consequence of size independent events 

like disease and predation, but many deaths could also be influenced by a lack of 

stored fat. I found that smaller developing queens had less fat, and that smaller size 

classes present in the daughter population were under represented in the reproductive 
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population. This supports the hypothesis that smaller queens show relatively higher 

winter mortality than large queens, possibly due to differences in fat storage ability. 

Emerged queens did not show a relationship between size and fat content as did 

developing queens. Emerged queens were in the process of laying down fat reserves 

for winter hibernation, and the degree to which this was completed had a greater 

influence on fat content than queen size. If all emerged queens had reached maximum 

levels of fat storage, then a relationship between and fat content would have been 

predicted, with larger queens having more fat stored for winter use, 

Queen size is likely to influence nest establishment in spring if it affects the 

ability of queens to compete for mates, or resolve nest usurpation disputes. Matsuura 

(1969) found that queens of the Japanese hornet Vespa mandarinia (Smith) frequently 

were not inseminated, yet overwintered successfully. However, during the following 

spring they continued feeding long after inseminated queens had founded colonies, 

and their mature oocytes. had degenerated. Queens that were not inseminated may 

have been smaller. 

Usurpation has the potential to limit population numbers if its incidence 

increases with spring queen density (Archer 1985). This is likely as usurpation depends 

on the ability of the usurper to find a queen nest, and has been demonstrated in 

Polistes (Gamboa 1978). Larger, stronger queens may well have an advantage over 

poor quality queens in such disputes. This could also account for the higher mortality 

of small queens before successful nest establishment. 

Research on honeybee queen quality has attempted to relate size and weight to 

fitness (Van Eaton 1986). Larger, heavier, honeybee queens have more ovarioles 

(increasing maximum daily egg production), larger spermathecae, higher sperm counts, 

and greater brood and honey production (Woyke 1971, Nelson & Grey 1983, Van 

Eaton 1986). larger queen wasps store more sperm and eggs then they will have 

greater reproductive potentiaL However, the only measurement of reproductive 

potential made in my study was nest size which showed a large degree of variation, and 

was unrelated to mature queen or weight. Sperm storage ability may vary with 
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in wasps, thus affecting maximum female production. This needs further investigation. 

Ovariole number is reported to be relatively constant in Vespula species (two sets of six 

for V. germanica and V. vulgaris ~ Kugler et al. 1976), unlike honeybees (Van Eaton 

1986). 

Brian and Brian (1952), Archer (1981a), and Matthews et aL (1982) provided 

some evidence that the number of cells produced by the queen alone (for several 

Vespula and Vespa species) while founding a nest was positively correlated with the 

rate of nest construction and final nest size. This indicates that queen quality may be 

reflected in factors other than size. 

Site and nest variation 

Variation in queen wasp size from site to site is consistent with the idea that size is 

associated with food availability. At some sites, food availability per forager is higher 

than at others and hence foragers should be able to give queens a greater amount of 

food during their development. 

My rather crude estimates of site specific food availability did not confirm this 

idea, however, and traffic rate estimates at the time of nest extraction may not reflect 

worker densities at the time queens pupated. Furthermore, environmental conditions 

clearly affect food availability (Chapter 6), and complicate the food availability issue. 

Between nest variation in queen size can also be expected to result from 

differences in food availability. Differences in foraging efficiency between individual 

wasps (Chapter 6) may translate to between colony differences in the efficiency with 

which developing larvae are fed. 

Two factors may account for the increase in average size, weight, and fat content 

of developing queens as the number of queen cells in a nest increased. Firstly, the size 

of queen cells may increase as layers are added to the nest, and result in an increase in 

average queen size. Worker cell diameter certainly increases through the season as the 

workers building the cells increase in size (Spradbery 1973). Variations in queen cell 
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diameter have been reported for V. maculifrons (Lord 1979 quoted in Archer 1985), 

but for no other vespulids as far as I am aware. Queen cells tended to be smaller in a 

year of high wasp density than in years when fewer wasps occurred. indicates that 

in years of abundant wasps the queens reared are likely to be generally smaller in size 

and less capable of overwintering and founding a colony the following year (Lord 1979 

quoted in Archer 1985). If queen cell diameter increases as the nest gets bigger in 

V. vulgaris, an increase in head diameter would be expected, however, this was not the 

case suggesting queen cell size may not increase as queen cell layers are added within 

the nest. 

Secondly, nests with large numbers of queen cells may represent those with the 

largest worker forces and a functional queen controlling worker activity during queen 

production. The workers are presumably more able to maintain adequate food 

supplies to developing larvae. Spradbery (1973) found an increase in the size of V. 

vulgaris and V. gennanica workers as colony age increased, and noted that it was 

correlated strongly with a decrease in the larva:worker ratio. This suggested that more 

workers were available to feed each larva and as a result the size of resulting adults 

increased. Further work is clearly needed to determine the relative involvement of 

queen cell size, colony strength, and food availability on queen size variation. 

Finally, Archer (1985) proposed that queens may attempt to produce as 

many new queens as possible without regard to their quality, rather than regulating egg 

laying as food availability and worker numbers changed. Food availability at the time 

of egg laying need not bear any resemblance to conditions at the time larvae pupate, 

and lay down fat reserves, so whether a queen attempts to regulate the number of eggs 

laid or not, it is unlikely to influence the pupation weight of queens. At the time of 

queen production honeydew availability is low, and highly variable (Chapter 6), and 

this in turn affects the amount of protein entering nests because it alters energy 

available to foragers (Chapter Harris 1991, Appendix 1). My tentative conclusion is 

that variation in foraging efficiency, food availability, and the larva:worker ratio prior 

to pupation may bring about the significant differences in queen size and weight seen 
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between nests and sites. The smaller queens produced are underrepresented in the 

reproductive population. However, I have been unable to establish a definite link 

between queen size and food availability, or between queen size and productivity 

(queen cell numbers) of nests after successful nest establishment. Controlled 

laboratory experiments are required to further investigate these aspects of population 

biology. 
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8: DYNAMICS AND 

EXCLUSION AMONG VESPID WASPS IN HONEYDEW 

BEECH A CONCEPTUAL MODEL 

Introduction 

In the South Island of New Zealand, Vespula germanica was displaced from honeydew 

beech forest within 3 - 5 years of the first arrival of vulgaris (Sandlant & Moller 

1989, Moller et aL 1990, Chapter 3). The aim of this final chapter is to present a 

synthesis of my study carried out during this period. It draws together many of the 

findings documented in earlier chapters, and the work of other researchers to form a 

conceptual model (written in italics) of the mechanisms of popUlation fluctuation and 

competitive displacement among vespid wasps in honeydew beech forest. 

I summarise the evidence that exists to support each hypothesis presented within 

the model, which is broken into three temporal phases: (1) the establishment and 

population fluctuations of V. germanica in isolation in honeydew beech forest; (2) the 

arrival and spread of V. vulgaris, and the subsequent disappearance of V. germanica; 

and (3) the pattern and causes of population fluctuations of V. vulgaris in isolation, and 

reasons why V. gennanica is unlikely to reinvade these forests. Finally, I suggest further 

work that is needed in order to validate or reject particularly crucial aspects of the 

modeL 

The Model 

(1) V. germanica in isolation 

V. germanica became established in honeydew beech forest and the population fluctuated 

from year to year about some equilibrium level prior to the arrival of V. vulgaris. 
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The first New Zealand colonies of V. germanica are thought to have been established 

in Hamilton in 1945 (Thomas 1960), and the species became widely distributed 

throughout the country by 1987 (Clapperton et aL 1989). Between the time of its 

arrival and the establishment of V. vulgaris in the late 1970s (Donovan 1984), densities 

of V. germanica fluctuated, considerably. In some years wasps posed a severe nuisance 

to schools, logging operations, and the general public (Thomas 1960, Perrott 1975), 

V. germanica became established in honeydew beech forest and was a 

conspicuous component of the forest community (Sandlant Moller 1989, West Coast 

residents pers. comm.). 

(2) The arrival and spread of V. vulgaris 

a) initial increase in wasp numbers and competition for a key resource 

When V. vulgaris became established in honeydew beech forest occupied by V. germanica 

the use of some resources by both species overlapped. One resource for which there was 

total overlap was honeydew, the predominant source of carbohydrate available to wasps. 

Honeydew becomes limited late in the season and fluctuates widely in availability 

depending on environmental conditions. V. vulgaris exploited this resource more 

effectively than V. germanica leading to an increase in overall wasp numbers and more 

intense competition for honeydew. 

V. vulgaris arrived in New Zealand in the late 1970s, and may have become established 

in Wellington initially (Donovan 1984). From there it spread rapidly to other areas 

(Clapperton et aL 1989). 

Densities of V. vulgaris attained those reported for V. germanica within one or 

two seasons of first being recorded in honeydew beech forest (Chapter 3). The arrival 

of V. vulgaris in areas already occupied by V. germanica may have greatly increased 

overall wasp density in the next few seasons, and Sandlant & Moller (1989) found that 
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wasps were indeed most numerous in honeydew beech forest where both species were 

present. This increased the likelihood and probably the intensity of interspecific 

resource competition. 

Foragers of V. VUlgaris and V. gennanica partition resources to an extent; 

V. gennanica is more commonly found foraging for protein amongst the forest litter, 

whereas vulgaris forages more on shrubs and tree saplings (Chapter 4). These 

differences are reflected in their diets; thus I found that V. vulgaris collected more 

Hemiptera and Lepidoptera, whereas V. gennanica collected more Orthoptera and 

large Hymenoptera (Chapter 5). However, they use the same honeydew resource (few 

alternate sources of carbohydrate are available in this community), and the more 

abundant species at a locality apparently dominates the honeydew resource (Chapter 

4). 

Honeydew availability appears to be an important factor influencing overall 

wasp density in honeydew beech forest. Thus, in 2 years of a 3 year study in north-west 

Nelson, a positive relationship was found between wasp density and honeydew 

abundance, and colony growth appeared to be limited by honeydew availability in 

some years (Moller et aL 1990, Barlow et aL 1992). 

Wasps removed 93-99% of the energy value of honeydew drops on monitored 

trees in summer and autumn (Moller et al. 1991). V. VUlgaris harvested the resource at 

a greater rate than V. gennanica, and maintained greater activity late in the season 

(Chapter 6). Lowering of the honeydew standing crop led to much reduced foraging 

efficiency by both species (Chapter 6). Accordingly, there is little doubt that this key 

food was in short supply for both species, so that competition within and between 

species was intense. 
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b) spring population regulation 

Spring is a crucial period in wasp population regulation. Nest establishment begins 

high mortality of queens and founding nests occurs. High queen densities during this period 

precede low wasp densities later in the season, and vice versa. 

Greatest mortality in populations of V. vulgaris and V. germanica occurs among 

overwintering queens before nest establishment, and during the initial phases of colony 

growth (Spradbery 1973, Edwards 1980, Archer 1981b & 1984). The first brood is 

produced by the queen alone and consists of only five to seven workers; loss of one or 

two workers at this stage often results in colony failure (Archer 1981 & 1984). Archer 

(1984) estimated that spring queen mortality was as high as 92% in Britain. Summer 

wasp densities appear to be influenced by the previous season's production, and by 

spring queen densities. When large numbers of queens are produced, nest density is 

usually low the following season (Barlow et aL 1992), and Archer (1985) reported a 

strong negative correlation between spring queen density and resultant nest densities 

in Britain. 

Usurpation of a founding nest by another queen (of the same or another wasp 

species) has been observed on a number of occasions in spring and resulted in death of 

one or more of the queens involved (see Akre & Reed 1984, Archer 1985 for reviews, 

Islay 1983, Nixon 1985 & 1986, Makino 1989, Donovan 1991, Spradbery 1991). 

Although usurpation has been recorded, its role in population regulation is unknown, 

mainly because spring colonies are so difficult to locate and observe. Usurpation 

depends on the probability of a queen finding a founding nest, something that is likely 

to increase with queen and nest density. Weather fluctuations have also been linked to 

spring mortality (Akre & Reed 1981). 
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c) the link between spring mortality and autumn food shortage ~ queen quality 

Honeydew supply becomes limited and highly variable during the period of queen 

production. Within a colony, larvae that receive more food following the physiological 

initiation of pupation attain a body weight closer to the maximum possible than do those 

that are fed less and pupate at a lower body weight. This results in variation in the size of 

queens. Larger queens have greater fitness (i.e. the potential of newly emerged queens to 

survive and produce reproductives the following season). 

In years of above average wasp density, greater numbers of new queens are produced 

in colonies. Competition for food resources between and within colonies results in a high 

proportion of these queens being of poor quality and either failing to overwinter or to 

establish nests the following season. In years of below average wasp density, reduced 

competition for food late in the season leads to the production of fewer -new queens, 

However, they are of higher quality, and a greater proportion of them produce successful 

colonies the following season. This causes a two year cycle in wasp abundance. Such a 

feedback mechanism should damp to equilibrium in a stable environment, however, 

fluctuations in environmental conditions prevent such an equilibrium from being reached 

in practice. 

In Britain, Archer (1985) examined fluctuations in wasp numbers, using data from 

various sources covering a 78 year period. Large variations occurred in yearly 

abundance. For example, colonies of V. vulgaris collected at one site in North 

Yorkshire over a four year period showed a nine fold difference between maximum 

and minimum abundance years (Archer 1981b, 1984). Archer (1985) identified a two 

year cycle in wasp abundance, with extreme years of abundance and scarcity occurring 

in pairs. Analysis of the data suggested the presence of an overcompensating control 

mechanism that should damp to a stable equilibrium wasp density (Archer 1985). 

overcompensating effect was hypothesised to be a consequence of the large variation 

in queen production by colonies. For example, Archer (1984) found that whereas the 
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number of colonies present within a 151 ha site in North Yorkshire showed a 9 fold 

difference between 1969 and 1972, the number of queens produced annually varied 43 

fold. The proportion of colonies successfully producing queens. and the number of 

queens produced per colony both varied, but any relationship between queen 

production and wasp density was unclear. Similarly, Barlow et al. (1992) found no 

relationship between nest density and queen production in a New Zealand honeydew 

beech forest Archer (1985) suggested two possible control mechanisms; (a) density 

related intraspecific usurpation of early nests by spring queens. and (b) density related 

variation in queen quality. 

In New Zealand it is probable that food availability affects queen quality as the 

amount of honeydew present declines to very low levels in summer and autumn 

(Chapter 6, Moller & Tilley 1989, Moller et al. 1991), even when wasp densities are 

low (Chapter 6). Autumn is the time when worker densities are highest (and queens 

are being produced), and further reductions in honeydew availability caused by high 

wasp densities affects their behaviour and harvesting efficiency. These activities are 

depressed further by rain and result in large increases in the time needed by foragers 

to harvest reduced quantities of honeydew (Chapter 6). When standing crops of 

honeydew were low, foragers took substantially longer to meet their own energy 

requirements, and the amount of protein taken back to their nests was also greatly 

reduced (Chapter 5, Harris et aL 1991a & b, Appendix 2 & 3). 

A reduction in protein intake can adversely affect larvae that have begun 

pupation but not attained maximum weight. Size has been shown to affect the fitness 

of many insects, and within wasp species some colonies produce larger queens than 

others (Chapter 7). Body size influences the fat storing ability of hibernating queens 

(Chapter 7), and in a typical population of juvenile queens a large size range of 

individuals exists. However, smaller queens were found to be under~represented in the 

reproductive population (Chapter 7). Inter-site variation in queen size also exists 

(Chapter 7), and could result from differences in food availability from site to site. Size 
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(a) (b) 

Unsuccessful Successful Unsuccessful Successful 

Fitness Fitness 

(c) 

Unsuccessful Successful 

Fitness 

Figure 8.1: Diagramatic representation of the replacement of Vespula germanica (V. g) by V. vulgaris (V. v) 
in honeydew beech forest. The hatched vertical line represents a hypothetical cutoff point between those 
queens of sufficient and insufficient fitness (the ability to survive and produce reproductives the following 
season). (a) The first arrival of V. vulgaris. It has a competitive advantage over V. germanica and queens of 
a higher average fitness than V. germanica queens result. A higher proportion of the population are 
successful. (b) As abundance of V. vulgaris increases the relative abundance of V. germanica decreases. 
(c) Eventually V. germanica is eliminated from the habitat as no fit queens are produced. 

differences may also affect competitive ability in other ways as has been demonstrated 

for other insect species (see Chapter 7). 

If usurpation does have a major role in spring mortality, a larger, stronger queen 

may have an advantage in such conflicts. Clearly usurpation and a food linked queen 

quality hypothesis are not mutually exclusive. 

d) competitive exclusion of Vespula germanica 

The greater foraging efficiency of V. vulgaris leads to a small advantage in the queen 

quality (or fitness) of that species (Figure B.la). This leads to relatively greater densities of 
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V. vulgaris than V. germanica the following season since a greater proportion of 

V. germanica queens fail to establish successful nests in spring. Continued higher relative 

fitness of V. vulgaris over the next few seasons leads to further increases in the relative 

abundance of V. vulgaris at the expense of V. germanica (Figure 8.lb). If V. vulgaris 

maintains its competitive advantage for an extended period, and refuges from competition 

do not exist, V. germanic a will be eliminated, completely (Figure 8.lc). 

The high proportion of V. gerrnanica present in the spring queen population in 1989 

was not reflected in the species composition of workers the following summer 

(Chapter 3). This observed change in species composition of workers was probably a 

consequence of relatively greater reproductive failure of the V. gennanica queens. The 

poorer quality V. gennanica queens probably failed to establish successful nests. Within 

3 - 5 years of the first arrival of V. vulgaris, V. gerrnanica became locally extinct in 

honeydew beech forest of the north-western South Island (Chapter 3, Moller et al. 

1990). 

3) V. vulgaris in isolation 

Once in isolation, V. vulgaris continues to fluctuate in numbers from year to year but at 

higher average population densities than attained previously by V. germanica. Because of 

its competitive advantage, V. vulgaris prevents V. germanica from re-establishing in 

honeydew beech forest. 

Queens of V. gerrnanica have the ability to reinvade areas from which they have been 

excluded (Chapter 3), but evidence to date indicates that they are unable to re

establish themselves on a permanent basis (Chapter 3, Moller et al. 1990, author's 

observations ). 
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Populations of V. vulgaris continue to fluctuate in the absence of V. gennanica, 

and the pattern of fluctuation generally agrees with the pattern expected from an 

overcompensating, density dependent mechanism (Barlow et al. 1992). 

Epilogue 

apparent coexistence of the two wasp species in some other habitats in New 

Zealand (Harris et aL 1991a, Appendix 2) points to the special nature of honeydew 

beech forest where wasp densities are consistantly higher than other habitats recorded 

to date (Beggs et al. 1990). In some other environments, e.g. cities, a greater range (but 

possibly a lower density) of carbohydrate food sources exist, but it is not known 

whether the two wasp species partition them to some degree, as occurs with protein in 

honeydew beech forest (Chapter 5 & 6). 

Although available evidence supports the hypothesis that V. VUlgaris has 

displaced V. gennanica because higher queen quality is maintained through a 

competitive advantage in harvesting honeydew, understanding of one important aspect 

of the interaction remains inconclusive. That is the proposed link between autumn 

differences in feeding efficiency on the honeydew resource, and the regulation of wasp 

densities the following spring. Questions that need to be answered to test the queen 

quality hypothesis include the following: 

(1) Does queen quality vary from year to year as wasp density changes? 

(2) Does variation in food supply influence queen size and other possible measures of 

queen quality? 

(3) Do differences in queen quality result in differences in the ability of queens to 

survive winter, be victorious in usurpation attempts, successfully initiate nests, or 

produce reproductives at the end of the following season? 

(4) Do queens of V. gennanica in competition with queens of V. vulgaris, exhibit a 

reduction in quality compared with that found where V. vulgaris is absent? 
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demonstration of competitive replacement of one species by another is a rare 

event in nature (Varley et al. 1973, Pontin 1982, Krebs 1985, Keddy 1989). Even rarer 

is obtaining any understanding of the mechanism behind such (Connell 

1980, Schoener 1983, Keddy 1989), The first steps towards documenting the 

mechanism of replacement of V. germanica by V. vulgaris in honeydew beech forest 

made in this study. Further investigations into the roles of food and queen 

quality on wasp population dynamics are continuing, and can be expected to increase 

our knowledge of the mechanisms involved. 
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Diet of the wasps Vespula vulgaris and V. germanica in honeydew 
beech forest of the South Island, New Zealand 

RICHARD J. HARRIS 

Department of Zoology 
University of Canterbury 
Christchurch, New Zealand 

Abstract Diets of Vespula vulgaris (L.) and V. 
germanica (F.) were sampled by intercepting returnina 
foragers using an entrance trap. About 15% of 
returning foragers carried animal prey and 8% carried 
wood pulp. The remainder carried no external load; 
of those, 85% of V. vulgaris and 68% of V. germanica 
had a clear sugar liquid in their crops. 

Vespula germanica foragers collected more 
Orthoptera and large Hymenoptera whereas V. 
vulgaris collected more Hemiptera and Lepidoptera 
Te.mpo~ changes in the diet of both species were 
eVIdent m 1990 but not in 1989. 

Vespula germanica foragers return to colonies 
~i~ a heavier prey load and larger volume of crop 
liqu~d than V. vulgaris. The weight of wood-pulp 
earned by foragers was similar for both species. 

About 0.8 and 4.8 million prey loads per hectare 
per season entered nests in western and northern 
SO?th Island honeydew beech forests, respectively. 
ThlS represents a biomass of 1.4 and 8.1 kg/ha for 
western and northern sites. Carbohydrate intake, which 
is predominantly honeydew, was about 78 and 343 
lilres per hectare per season for western and northern 
sites, respectively. 

Prey intake in the northern South Island was 
similar to that of the entire insectivorous bird fauna. 
Co~si~erabl~ dietary. overlap between wasps and 
natIve msectIvorous buds was identified. 

This die~ overlap and the scale of consumption 
?y wasps ~ concern about the impact of these 
mtroduced msects on the native fauna 

Z9OO41 
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~eywords Vespula vulgaris: V. germanica; wasps; 
diet; prey consumption; competition; honeydew beech 
forest; insectivorous birds; biomass 

INTRODUCI10N 

The German :-vasp, ~ espula germanica (F.), is thought 
to have arnved In New Zealand in 1944 and 
immediately became established (Thomas 19(0). It 
has been joined by a second European species, the 
common wasp, V. vulgaris (L.), which by 1978 was 
establi~h~ aroun~ Wellington (Donovan 1984). V. 
vulgans 15 spreadmg rapidly through the country as 
did V. germanica (Moller et al. 1987; Clapperton et 
al.1989). 
. Vespula vulgaris arrived in honeydew beech forest 
m !.he south-west Nelson region in either 1984 or 
1985 (H. Moller unpub. data) and has replaced V. 
germanica within a few years (Sandlant & Moiler 
1989; Harris et aI. 1991; Moller. & Harris unpub. 
data). A wave of V. vulgaris has continued to spread 
through beech forest of the north-western South Island 
replacing V. germanica (Harris etal. 1991). 

Wasp foragers obtain animal prey to feed. their 
developing larvae, and carbohydrate to satisfy their 
own energy requirements and those of other workers 
J;eI]1~g in the nest (Spradbery 1973). Protein is 
generally not ingested but carried back to the nest 
using the legs or mandibles (AIcher 1977). Detailed 
dietary studies overseas of V. germanica and V. 
vulgaris, reveal the versatility of wasps as predators 
and scavengers of a wide variety of protein sources 
(Broekhuizen & Hordijk 1968; Archer 1977; Garnbino 
1986; and reviews in Spradbery 1973; Edwards 1980). 
In N~w Zea1an~ the~ are several records of wasps 
preYIng on vanous Invertebrates (Thomas 1960' 
F?rdham 1961; Gibbs 1980, 1983; Kleinpaste 1980; 
Lmle 1981; Thomas 1987); however, no quantitative 
studies of wasp diet have been made. 

Wasps are now a conspicuous component of the 
honeydew beech (Nothofagus spp.) forest community. 
Honeydew is produced by the beech scale insect 
Ultracoelostoma assimile and provides an energy 
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2.TiropElhi 

source for birds and insects (Moller & Tilley 1989). 
Thomas et al. (1990) estimated. for the Nelson region, 
a mean wasp biomass of 5200 g/ha at the peak of 
colony growth, or 1517 glha when averaged over the 
whole year. This is greater than the maximum estimate 
for the combined biomass of birds, rodents, and stoats 
of about 1150 g/ha (Thomas et al. 1990). 

It has been suggested by Anon. (1952), Beggs (1988), 
Moller etal. (1988b), Moller & Tilley (1989), and Beggs 
& Wilsoo (1991) that wasp foraging for protein, nectar, 
and honeydew may be reducing the carrying capacity of 
honeydew beech forest for native birds. 

In this paper, the diets of vespulid wasps in Nelson 
and West Coast honeydew beech forests are described. 
This is based on foragers intercepted while returning 
to ~olonies at one site in each region. In addition, 
estimates of prey consumption are provided and the 
diets of wasps compared with those of native forest 
birds with which they potentially compete for food. 

STUDY AREAS 

Field studies were conducted at two sites within 
honeydew beech forest in the north-western South 
Island, New Zealand 1). 
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Fig.l Location of study sites (1-
Spooners Range. 2- Tiropahi). 

Spooners Range Scenic Reserve. (Grid Reference 
NZMS 260 N28 032711)-150 ha of beech forest 35 
km south-'west of Nelson. The forest consists 
predominantly of scale-infested hard beech 
(Nothofagus truncata) and silver beech (N. rnenzesii, 
which is not infested by the seale insect), with a few 
red beech (N. fusca) and scattered podocarps, 
especially rimu (Dacrydiurn cupressinurn) and miro 
(Prwnnopitysferruginea). The reserve is surrounded 
by roads and Pinus radiata plantations. The site was 
chosen because V. vulgaris has been present a number 
of years and V. gerrnanica has become extinct 
locally. 

Tiropahi. (GR NZMS 260 K30 867085)--a beech 
forest remnant dominated by N. truncata on a ridge 
and hilltop between the Tiropahi and Nile rivers 
28 km south of Westport. The remnant is 
surrounded by selectively-logged beech forest. In 
the 1987/88 summer, Tiropahi was one of the few 
remaining pockets of honeydew beech forest in 
the South Island where V. vulgaris was absent 
(Moller et a1. 1988a). However, by the start of this 
study in the following summer, V. vulgaris made up 
more than half the wasps collected (Harris et al. 
1991). 
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METHODS 

Sampling forager loads 

An entrance trap was designed and used to sample 
returning foragers (Harris 1989). The trap was employ
ed successfully on four nests at both sites in 1989 and 
samples were collected over· 23 days between 2 
February and 7 May. Prey fragments were removed 
from returning foragers and kept for identification. 

In 1990, dietary samples were obtained only from 
the Tiropahi site. All 30 nests located at the study site 
belonged to V. vulgaris, and only 3.4% of workers 
collected while foraging were V. germanica (Harris et 
al. 1991). Therefore, to enable dietary comparisons 
to be made eight V. germanica colonies were moved 
into the site. Seven of these nests carne from urban 
Nelson and one from Westport. 

Colonies were fIrst placed in nest boxes that were 
about 400 rnm square and lined with 25 mm polystyrene 
for insulation. One side had an exit hole with a trap
door attached. Netting suspended inside the box held 
the nest above the floor and allowed workers access 
to the bottom layer of comb. The box was placed in 
the cavity from which the nest had been taken and 
left for at least 5 days: this enabled the colony to be
come established in the nest box and become familiar 
with the new entrance. Then the colonies were transport
ed to Tiropahi during the nights of 11 February and 5 
March. The following mornings the trap-doors were 
opened so that wasps could resume foraging in their 
new environment After relocation, three V. gennanica 
nests, as well as four V. vulgaris nests located within 
the study site were fitted with entrance traps which 
were used tointercept retuming foragers on 12 days 
between 18 February and 10 April 1990. 

Examination of crop contents 

Crop contents of 350 foragers were sampled at 
Tiropahi between 20 March and 10 April 1990. Wasps 
were anaesthetized with C~ and their abdomens were 
then gently crushed with a flat rod., so that crop 
contents were regurgitated. This liquid was collected 
in a micro-capillary tube and the volume measured. 
The "refractive index" (a measure of sugar content) 
was measured for each forager using a hand held 
re~tometer to determine if that forager was returning 
With water or a sugary liquid 

Determilliltion of wasp density and prey 
consumption 

Estimates of the nwnber of prey loads brought to 
each nest, and into all nests per hectare, were obtained 
using the following equations: 
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daily prey consumption mean traffic rate X mins of 
daylight X proportion carrying prey (1) 

The "traffic rate" was obtained by counting the nwnber 
of wasps that enter a nest per minute. The traffic rate 
is fairly constant throughout the day although it tends 
to increase at dawn and dusk (unpub. data), The 
number of foraging trips in a day depends on the 
daylength and averages about 800 min over the course 
of the active foraging season. The proportion of 
foragers carrying prey at each site was determined 
from dietary sampling. 

daily prey consumption per hectare := daily prey 
consumption per nest X nests per hectare (2) 

Estimates of nest density at 19 sites in the north
western South Island were obtained by searching 
for wasp nests along bell transects of known area, 
ranging from 0.65-3.71 ha (Thomas et al. 1990). 
Searches were conducted at the height of the wasp 
season (1v[arch to April). For each nest found along 
the transect a minute count of the number of 
foragers entering was taken to estimate the traffic 
rate. 

seasonal prey consumption per hectare = daily prey 
consumption per hectare at peak wasp activity X 
peak equivalents (3) 

At Tiropahi, two randomly located Malaise traps 
were used to monitor temporal changes in relative 
abundance of the two wasp species. The traps were in 
place from January-June 1989. Raw data were 
standardised because the length of time between 
empti_es varied from 26-47 days. The standardised 
countS" were plotted against time with the middle of 
the sampling period being used as the x coordinate. By 
knowing how wasp abundance changed seasonally 
the total number of days wasp foragers were active 
was estimated, and the number of days this represents, 
if it was all at peak activity (peak equivalents), 
calculated. 

biomass of prey consumed per season per hectare :;;: 
seasonal prey consumption per hectare X mean prey 
biomass (4) 

At Tiropahi in 1990, a subsample of prey and wood
pulp collected by each species were weighed, on the 
day of collection on each of 6 days between 7 March 
and 7 April 1990. 
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Table 1 The numbers and identities of prey taken from VesPlda foragers at Spooners and Tiropahi in 
1989 and 1990. Vv == V. =V. 

SITE 

Spooners 1989 Tiropahi 1989 Tiropahi 1990 
PREY ITEM Vv Vv Vv 

Nests sampled 4 2 2 4 3 
sampling days 9 9 7 10 11 
First sampling date 15 Feb 2 Feb 3 Mar 18 Feb 18 Feb 
Last sampling date 7 May 24 Apr 26 Apr 10 Apr 10 Apr 
Wasps sampled 2713 1456 1015 1723 1095 
Total loaded 583 262 251 423 299 
Total pirey items 411 165 125 286 203 
Identified Prey 345 139 95 264 179 
INSEcrA 78 19 21 44 25 
Blattodea 2 
Coleoptera (adult) 6 2 4 

(larvae) 2 2 

Dermaptera 1 
Diptera 45 18 13 24 9 
Calliphoridae 2 I 
Mycetophilidae 
Sirnuliidae 
TipuHdae 7 

Hemiptera 4 13 17 3 
Cicadellidae 2 
Cixiidae 2 
Eurymelidae 9 

Hymenoptera 15 10 3 11 10 
Braronidae 1 1 1 
Formicidae 2 63 53 
Vespidae 
Vespula sp. 2 3 2 1 
V. vulgaris 5 
Apidae 
A. mellifera 5 3 6 

Lepidoptera (adult) 16 2 9 1 2 
(larvae) 72 32 11 15 2 

Orthoptera 2 4 7 
Gryllidae 
Pteronemobius 4 
S tenopelmatidae 1 9 1 9 

Psocoptera 16 10 
ARACHNIDA 

Acari" 3 
Araneae 61 31 17 54 40 

Salticidae 1 1 1 2 
Pseudoscorpionidae 1 

"'associated with unidentified tissue blobs 
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a) Spooners 1989 
m~-____ - _______ -----, 

\0 

b) Tiropahi 1989 

c) Tiropahi 1990 

,0 

Fig. 2 The relative abundance of prey orders in the diet 
of wasps: (a) V. vulgaris at Spooners Range; (b) V. vulgaris 
and V. germanica at Tiropahi in 1989; (c) V. vulgaris and 
V. germanica at Tiropahi in 1990. Solid columns, V. 
vulgaris; unshaded columns. V. germanica. 

RESULTS 

Wasp diet 

A total of 8002 foragers were sampled at the two 
sites; of these, 1190 (14.9%) carried prey, either in 
their mandibles or with their legs (Table 1). Of the 
remaining foragers, 7.8% carried wood pulp and 
77.3% had no external load. Most prey items observed 
appeared to have been freshly killed. 
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a) Vespula vulgaris 
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b) Vespula germanica 
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Fig.3 Temporal changes in the diet of wasps at Tiropahi 
in 1990. (a) V. vulgaris (b) V. germanica. Solid columns, 
February-March; unshaded columns, April. 

Of the 1190 prey items collected, 70% were 
identified to at least ordinal level and are considered 
in the subsequent analysis. 

At Spooners, identified prey of V. vulgaris 
consisted mainly oflepidopteran larvae (33%), spiders 
(23%), and Diptera (20%) (Fig. 2a). Similar 
proportions of each prey type were returned to each 
of the four nests sarnpled(x2 = 16.08, df= 12,P >0.1). 

At Tiropahi in 1989, the composition ofidentified 
prey orders varied between the two species (x2 :::: 25.41, 
df= 7,P < 0.(01). V. vulgaris prey was predominantly 
spiders (32%), lepidopteran larvae (28 %), and Diptera 
(16%); that of V. germanica was mostly lepidopteran 
larvae (27%), spiders (23%), orthopterans (18%), 
and Diptera (18%) (Fig. 2b). 

In 1990, prey consumption differed from that 
found in the previous year, but species differences 
were again present (x2:::: 59.09, df= 6,P < 0.001). The 
diet of V. vulgaris was dominated by hymenopterans 
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(35%; 83% of which wereformicids). Hymenopterans V. vulgaris. Western South Island sites had an estimated 
(48%; 71% of which were formicids) were also the average of81O 000 prey loads (range: 250000-1270 
principle prey of V. germanica (Fig. 2c). As with 1989, 0(0) entering nests, per hectare, in honeydew beech 
foragers of V. vulgaris returned with more hemiprerans forest in the 1988/89 season (Table 4a). The mean 
and those of V. germanica with more orthoprerans. fresh weight of prey loads for 82 V. vulgaris fvragers 
No seasonal pattern was apparent in the diet of either was 1.7 mg (Table 2). This represents an average of 
species in 1989. but in 1990 the diet altered between 1.4 kg of prey per hectare, per season, being taken to 
February to March and April (Fig. 3) (Vv r = 75.30, colonies in western South Island beech forest 
df= 5,P < 0.001; Vgr:: 18.35, df:::: 3,P <OJ)()l). In 
April, Hymenoptera (mainly ants) became the 
dominant prey group and the relative importance of Table 2 The fresh weight (mg) ofloads carried externally 
most other orders fell (Fig. 3). by V. Vulgaris and V. germanica foragers taken at Tiropahi 

between 7 Mar and 7 Apr 1990. 

Load size and prey weights V. germanica V. vu.lgaris 
No difference was found between the weight of wood- Coleoptera Mean 0.75 
pulp collected by foragers of the two species. However, SD 0.50 
V. germanica foragers rel:llrned to nests with, on average, n 2 
3 .Sx heavier prey loads than did V. vulgaris (Table 2) Diptera Mean 3.17 2.05 
(ANOVA, P < 0.001). In addition, the weight of prey SD 1.80 1.75 
fragments belonging to different prey taxa varied n 3 10 
(ANOVA, P < 0.001). Prey fragments belonging to Hemiptera Mean 0.75 
orthopterans (mostly wetas-SrenopeImatid.ae), honey SD 0.50 
'ore> (Apis mellifora), wasps (Vespula), and lepidopterans n 7 
were the heaviest prey types and the proportion of these Hymenoptera Mean 2.24 0.70 
groups carried varied between the species (fable 2). SD 3.07 0.80 

n 8 5 
Crop contents Formicidae Mean 0.74 0.96 
The crop contents of foragers carrying no external SD 0.66 1.12 

load varied between the species (Table 3). More V. n 26 22 

germanica foragers returned empty, whereas the crops Vespidae Mean 32.90 9.00 
of more V. vulgaris foragers contained a clear sugary SD 20.22 

liquid. No difference was found between the average n 2 1 

volume of sugary liquid in the crops of V. gennanica Apis Mean 15.30 

(15.6 ~) and V. vulgaris (14.7 ~) foragers (t "" 1.25, SD 15.11 

df = 212, P > 0.1). The crops of other individuals n 3 

contained water or a thick coloured liquid. The thick Lepidoptera Mean 15.63 9.70 

liquid was probably derived from foragers imbibing SD 24.76 7.21 

prey fluid. A similar fluid was found in the crop of a n 3 2 

forager carrying a prey load, and the liquid was the Orthoptera Mean 16.26 

same colour as the tissue being carried. SD 12.26 
n 8 

Prey consumption by the wasp population Araneae Mean 3.54 2.27 
SD 5.85 2.27 

Malaise trap catches obtained at Tiropahi (Fig. 4) n 22 17 
showed that V. vulgaris abundance peaked earlier, and Unknown Mean 2.94 0.83 
was over 5x higher than that of V. germanica. By extra- SD 5.37 0.58 
poJating from Fig. 4 it can be estimated that V. vulgaris n 35 16 
foragers were present at the site for about 175 days, Total Mean 4.73 1.71 
which is equivalent to 85.8 days at peak abundance prey SD 9.06 2.31 
(c.f. equ. 3), and V. gennanica for about 168 days. n 109 82 

Estimates of prey intake can be calculated for Wood-pulp Mean 134 1.45 
locations where nest densities and traffic rates have SD 1.10 1.35 
been estimated (Thomas et al. 1990), and are all for n 34 54 
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Fig. 4 Abundance of wasps 
caught in Malaise traps at Tiropahi 
(a) V. vulgaris (b) V. germanica. 

For the northern South Island the estimates are 
much higher with an average of 4 790 000 prey loads 
(range: 1020000-9010(00) (Table4b),and therefore 
about 8.1 kg of prey per hectare per season being 
taken to wasp colonies. 

The estimated intake of the carbohydrate resource 
(principally honeydew) is 78 litres for the western 
South Island and 343 litres for the northern South 
Island (Table 4). 

DISCUSSION 

Wasp diet and interspecific variation 

The diet of wasps in honeydew beech forest of the 
north-western South Island of New Zealand is broadly 
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TIME 

JAN. FEB. MAR. APR. ~IAY JUN. 

similar to that recorded in Europe and North America 
where Diptera, lepidopteran larvae, and/or spiders 
are also important foods (Broekhuizen & Hordijk 
1968; Archer 1977; Gambino "1986). The exact 
proportions probably vary with local prey abundance. 
Differences were recorded between sites over time 
and between species, and were most marked at 
Tiropahi between 1989 and 1990. At this time there 
was a drop in importance of lepidopteran larvae, and 
as the season advanced in 1990 the importance of 
ants increased. 

Broekhuizen & Hordijk (1%8) commented, but 
did notquanufy, that the prey caught by members of 
different colonies, and from a single nest on different 
days, could vary greatly. The four V. vulgaris colonies 
studied at Spooners showed a very similar dietary 

Table 3 Crop contents of foragers returning to nests with no external load. 

contents 

Clear Clear 
Cloudy liquid liquid 
liquid Empty (no sugar) (contains sugar) Undetermined'" 

V. vulgaris 2 8 0 112 9 
V. germanica 3 36 4 105 7 

"liquid of too small a volume « 4XI0-6litres) to determine if sugar present. 
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intake, but differences between V. germallica and V. 
vulgaris were identified in both years at Tiropahi. 
These differences may reflect differing microhabitat 
use patterns. When the two species coexist V. 
germanica forages more among the litter on the forest 
floor and in open areas surrounding forest remnants, 
whereas V. vulgaris tends to be more abundant on the 
foliage of trees and shrubs (Harris et al. 1991). 

Vespula germanica foragers are generally larger 
than those of V. vulgaris (Spradbery 1973). This may 
enable them to earry heavier prey loads, and therefore 
could account for some of the differences observed in 
mean prey weight Archer (1977) found no correlation 
between worker size and flesh loads within a species 
but did find significant correlations between worker 
size and liquid loads. Di~etary differences between the 
two species also affect the-average prey weight. V. 
germanica took a greater proportion of large insects 
including orthopterans, honeybees, and vespulids, 
than did V. VUlgaris. Similar prey loads of ants were 
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taken by both species. Small prey are carried in one 
load back to the nest, so any differences in the 
maximum load size carried by the two species would 
not be evident. 

Many of the unidentified items collected by V. 
germanica at Tiropahi may have been pieces of weta. 
This is suggested by an observed attack on a tree 
weta Hemideina sp. by 15-20 V. vulgaris foragers at 
Spooners. The wasps were feeding on the weta for 
over 2 h and more than 100 loads were taken before 
an identifiable skeletal fragment (in this instance a 
piece of leg) was removed. Therefore, considering 
the high proportion of orthopterans identified in the 
diet of ~T. germanica, much of the unidentified prey 
tissue may belong to this group. 

Sandlant & Moller (1989) investigated wasp 
abundance. They found higher wasp densities in areas 
containing both wasp species than in areas where V. 
vulgaris had not yet invaded. So, a change in species 
composition in beech forest may be increasing levels 

Table 4 Estimates of seasonal prey and carbohydrate consumption by V. Vulgaris colonies in 
honeydew beech forests. Carbohydrate foragers are those that have a clear liquid containing sugar 
present in their crop. 

Number Number of 
of prey carbohydrate Carbohydrate 

volume 
Site 

a) Western South Island 

Corbyvale 1.09 1855 7.14 105 
Charming Ck. 0.42 709 2.73 40 
Hochstetter Lake 0.24 420 1.62 24 
Hochstetter Darn 1.13 2157 8.30 122 
Merrijigs 0.97 1643 6.32 93 
Slab Hut 0.59 995 3.38 56 
Oparara 1.0~ 1854 7.13 105 

Mean 0.81 1376 5.29 78 
SD 0.39 664 2.55 38 

b) Northern South Island 

Spooner:> Range 2.01 3414 9.79 144 
Winns 2.24 3809 10.92 161 
Pelorus BI. 5.23 8894 25.49 375 
Tin Line 6.89 11714 33.57 494 
Pretty Br. 1.02 1732 4.97 73 
WatsonCk. 6.89 11714 33.58 494 
Matakitaki 4.09 6950 19.92 293 
Tiraumea 9.01 15310 43.88 645 
MtMisery 2.47 4198 12.03 177 
Loop 8.64 14694 42.12 619 
Howard 2.07 3517 10.08 148 
Owen River 6.92 11766 33.72 496 

Mean 4.79 8143 23.34 343 
SD 2.83 4806 13,78 203 
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of predation, at least in the short term. However, 
evidence to date indicates that the two species do not 
remain together in honeydew beech forest and that V. 
germtlnica becomes locally extinct (plunkett et al. 
1989; Sandlant & Moller 1989; Harris et al. 1991; 
Moller & Harris unpub. data). This explains why all 
the sites where density estimates were obtained 
contained only V. vulgaris. Predation pressure on 
different prey taxa may alter as wasp species 
composition and dominance changes. My study 
indicates that pressure on wetas may decline as V. 
vulgaris numbers increase at the expense of V. 
germanica, whereas predation on spiders and 
Hemiptera may increase. Whether this will continue 
to be the case once V. gennanica has been excluded 
from the forest, is of course unknown. 

A comparison of prey consumption 

Wasp prey biomass can be compared with estimates 
of prey consumption by insectivorous birds, a 
group that is potentially competing for food resources. 
Food intake of male riflemen (Acanthisitta chloris) at 
Kowhai bush, near Kaikoura on the east coast of the 
South Island, varied between 260 and 430 mg/h, 
with a mean of approximately 350 mg/h (Sherley 
1985). All their energy intake was obtained from 
invertebrate prey consumption. Extrapolation from 
this figure, and assuming a 12 h foraging day 
throughout the year (average sunrise to sunset hours 
for Christchurch in 1986 were 12.07 h, Anon. 1986), 
this represents 1.5 kg of live insects per male rifleman 
per year. This food intake estimate was obtained 
during summer, around breeding time, and will 
therefore overestimate the yearly intake. Similarly, 
extrapolating from winter energy budgets for 
Silvereyes (Zosterops lateralis chlorocephala) on 
Heron Island (off the coast of Queensland, Australia), 
which obtain between 20 and 95% of their energy 
intake from invertebrates (Catterall 1985), the estimate 
is 0.4 kg of insects per Silvereye per year. As this 
figure of 0.4 kg is extrapolated from winter energy 
intakes it will underestimate the total yearly intake of 
Silvereyes. 

Thomas et al. (1990) estimated the biomass of all 
birds in Nelson beech forests (excluding pigeon which 
has no diet overlap with wasps) to be 0.13 kg/ha. If 
these birds had a similar insect intake, per gram of 
bOOyweight, as male riflemen, then the biomass of 
invertebrates consumed would be about 35.4 kg. If 
on the other hand they had a similar intake, per gram 
of bodyweight, as silvereyes the biomass of 
invertebrates consumed would be about 4.0 kg. This 
is an overestimation because very small birds such as 
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riflemen have higher metabolic rates than larger birds 
(Kendeigh et aI. 1977) and so have a higher 
consumption per gram of body weight 

The total for riflemen probably also represents a 
large overestimate of total bird consumption, because 
much of the biomass estimate given by Thomas et al. 
(1990) (0.13 kglha) is represented by bell birds 
(Anthnrnis melanura) (33%) and tui (Prosthemadera 
novaeseelandiae) (28%) which, as well as being 
relatively large birds, spend only 17% and 7% of 
their time, respectively, in beech forest feeding on 
insects (Gaze & Clout 1983). Therefore, the most 
realistic estimate of the annual consumption of 
invertebrates by birds in beech forest probably lies 
somewhere between that estimated for riflemen and 
that for silvereyes. That is between 4.0-35.4 kg/ha 
per year. 

These very approximate estimates indicate that 
in the northern South Island. wasps may be consuming 
a prey biomass of a similar order of magnitude (8.1 kg) 
over the summer-autumn period, as that of the entire 
bird fauna over the whole year, 

Moeed & Fitzgerald (1982) investigated 
droppings of six insectivorous birds: riflemen 
(Acaruhisilla chloris), hedge sparrows (Prwtella 
modularis), fantails (J?hipidura fuliginosa), pied tits 
(Petroica macrocephala lOitoi) , grey warblers 
(Gerygone igata), and whiteheads (Mohnua albiciIla), 
in beech forest in the lower North Island. They found 
that beetles and spiders were important foods to all 
six species studied and caterpillars were important to 
the latter three. Moeed & Fitzgerald (1982) also 
observed that silvereyes took many caterpillars and 
spiders, which are also the main prey of the endangered 
yeUowhead (Mohnua ochrocephala) (G. Elliott pers. 
comm.), Although the food of these birds is very 
similar they obtain it from different microhabitats 
within the forest (Moeed & Fitzgerald 1982), For 
example, fantails caught food on the wing, grey 
warblers fed mainly on the foliage, and tits fed 
predominantly on the litter. 

Wasps have a very similar diet to these 
insectivorous birds with the same seven arthropod 
orders making up between 80 and 100% of the 
identified diet of both wasp and birds. Also, wasps 
feed in all the microhabitats used by these birds. 
Therefore, if invertebrate prey are a limiting resource 
for insectivorous birds in honeydew beech forest, as 
is thought to be in other habitats (Gibb 1960; Catterall 
1985), and is the case for Kaka feeding on honeydew 
(Beggs & Wilson 1991), one would predict that the 
carrying capacity of insectivorous birds would be 
reduced when wasps are presenL 
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The influence of habitat use foraging 
on the replacement of one introduced wasp species by 

New 

R. 1. HARRIS, C. D. THOMAS* and H. MOLLER t 
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Abstract. 1. New Zealand was colonized by the German wasp, 
Vespula germanica (F.), in the 1940s and it subsequently became es
tablished throughout the country. The common wasp, F. vulgaris (L), 
colonized in the late 1970s and is still spreading. 

2. The common wasp has replaced the German wasp in some habitats 
in New Zealand. Samples from a nationwide postal survey indicate that 
the common wasp is now the more abundant species in honeydew beech 
forests (Nothofagus spp.), and to a lesser extent in other native forests. 
The German wasp is still the more abundant wasp in rural areas 
(excluding forest). The two species are at present co-dominant in urban 
areas, although this may be a transient phase. 

3. In honeydew beech forest the two species show different foraging 
patterns that provide the potential for local coexistence. Although both 
species are generalist feeders, the German wasp is more commonly 
found foraging for protein amongst the forest litter, whereas the common 
wasp forages more on shrubs and tree saplings. Despite this difference, 
the common wasp can still replace the German wasp in honeydew beech 
forest within a few years of invasion. 

4. In honeydew beech forests in which the German wasp is the more 
abundant species it dominates honeydew trunks (sugar resource), 
whereas the common wasp dominates honeydew trunks in areas where 
it is the more abundant species. The change from German to common 
wasp domination of honeydew trunks is more rapid than the change in 
dominance in other microhabitats. Aggressive interactions may be 
taking place on this high quality, potentially defensible sugar resource. 

Key words. Vespidae, Vespula vulgaris, Vespula germanica. compe
tition, habitat use. 
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Introduction 

The Gennan wasp Vespula germanica probably 
arrived in New Zealand in the early 1940s 
(Thomas, 1960), and is now distributed 
throughout most of the country (Moller et 
al., 1987; Clapperton et al., 1989). Similarly, 
the common wasp V. vulgaris has spread rapidly 
over much of New Zealand since its establish
ment in the late 1970s (Donovan, 1984; Moller 
et al., 1987; Clapperton et al:; 1989) and now 
occurs in habitats that were previously occupied 
solely by the Gennan wasp. Both introductions 
were accidental, with that of the Gennan wasp 
probably involving queens being transported in 
freight (Thomas, 1960). 

Since its arrival, the common wasp has been 
replacing the German wasp in some areas 
(Sandlant & Moller, 1989; Moller et al., 1990), 
and this provides the opportunity to examine 
mechanisms of species replacement. When one 
species replaces another, there could be com
petition for resources, direct interactions, or 
sharing of some predator, parasite or pathogen, 
that prevents coexistence. 

It appears neither wasp arrived in New Zea
land with any parasite or pathogen (Donovan & 
Reid, 1987): the only parasite known in New 
Zealand (Sphecophaga vesparum (Curtis» is a 
very recent introduction, and has only been 
recovered at a single site (Donovan et al., 1989), 
so could not have influenced the replacement of 
German wasps by common wasps. Therefore, 
the principle hypotheses for replacement are 
resource-mediated competition andlor direct 
in teractions. 

In this paper we focus mainly on resource 
mediated competition. The potential for re
source competition exists because both species 
are generalist feeders using a wide range of 
protein and carbohydrate sources (e.g. Sprad
ber)', 1973), and in New Zealand there is con
siderable overlap in the types of protein brought 
back to colonies by foragers (R. Harris, un
published). It has been suggested that generalist 
feeders may be able to coexist by occupying and 
foraging in different habitats and microhabitats 
(e.g. Pianka, 1975; MacArthur, 1958). 

Firstly we examined whether species replace
ment has occurred in all habitats. We recorded 
relative abundance of wasps in different habitat 
types. If habitat segregation occurs at a regional 
level, we might expect the common and Gennan 
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wasps to predominate in different habitats. 
Secondly we examined local patterns of habitat 
use. Coexistence might be possible within a 
habitat if foraging and microhabitat use differ: 
displacement would be expected when the 
species are too similar in these attributes. To 
address this we recorded foraging patterns and 
microhabitat use during species replacement in 
honeydew beech forest, a habitat within which 
displacement is eventually complete (Moller et 
al., 1990). Given that exclusion does take place, 
the habitat-segregation hypothesis would predict 
strong similarities in the use of habitat com
ponents in beech forest. 

In honeydew beech forest (Nothofagus spp.), 
wasps attain high densities (Thomas et al., 1990), 
probably because of the presence of scale insects 
(Ultracoelostoma assimile M.) that infest trunks 
and branches. The scale insects secrete droplets 
of honeydew that contains various sugars (Grant 
& Beggs, 1989), and the wasps harvest these 
droplets (Moller & Tilley, 1989). The term 
honeydew beech forest refers only to those 
beech forests infested by U.assimife, and 
U.assimile is particularly abundant in the 
northern half of the South Island of New 
Zealand. 

Methods 

Habitat differences: posta! survey. Between 
March and August 1987, members of the public 
sent us wasps from throughout New Zealand 
(methods described by Clapperton el al., 1989). 
Specimens received were accompanied by in
formation on the location and habitat type in 
which the wasps had been caught. 

Only specimens from 10,000 yard (9144m) 
grid squares from which the common wasp had 
been recorded were used, thus reducing the 
problem caused by the common wasp not having 
completed its invasion. The problem was not 
eliminated completely however, because some 
squares in which common wasps had only just 
arrived. and which had not yet become fully 
populated, would have been included. Another 
problem that could result from the inclusion of 
only those grid squares from which the common 
wasp has been recorded, is that some other 
squares may have only contained habitats suit
able for German wasps: the absence of common 
wasps from them would therefore reflect a true 



difference in habitat utilization patterns. The 
effect of these biases is to minimize habitat 
differences between the species and reduce the 
proportion of common wasps in each habitat 
type. In addition, wasps making up each sample 
that we were sent may all have come from one 
nest and thereby not be independent of one 
another. Because of these difficulties we do not 
attempt a statistical analysis. 

Microhabitat use. Five sites were chosen to 
investigate microhabitat use in honeydew beech 
forest (Fig. 1). Four of the sites were on the 
common wasp 'invasion front' on the West 
Coast of the South Island: these sites had pos
sessed common wasps for less than 3 years prior 
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to sampling. and the German wasp still occurred 
at them all. The fifth site was south of Nelson 
where the common wasp first amved in either 
1984 or 1985 (H. Moller, unpublished data). 
The five sites were: 

(1) Spooners Range Scenic Reserve: an area 
of beech forest 13 km south-west of Wakefield 
(Grid Reference NZMS 260 N28 032711). 

(2) Nile: beech forest on a ridge near the Nile 
River, on the seaward side of the Paparoa Range 
(GR NZMS 260 K30 882125) 24km south 
of Westport. 

(3) Tiropahi: beech forest on a ridge and 
hilltop above the Tiropahi River, 4.5 km south 
of the Nile site (GR NZMS 260 K30 867085). 

1.Spooners 

2.Nile 

3.Tiropahi 

4.Costello Hill 

5.Taylorville 

o Beech Forest 

Fig. 1. Map of the north-western area of the South Island showing the location and approximate size of honeydew 
beech forest wh"re microhabitat sampling was conducted. 
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(4) Costello Hill Scenic Reserve: beech 
forest on the bluffs of a ravine, 14 km south of 
Westport (GR NZMS 260 K29 855245). 

(5) Taylorville: a strip of beech forest along 
a hillside facing the Grey River, 5 km from 
Greymouth (GR NZMS 260 131 692606). 

Wasps were collected by swatting and netting 
from (i) trunks of honeydew covered trees, (ii) 
the forest litter, (iii) foliage of shrubs, saplings 
and branches within 4m of the ground, and (iv) 
along roadsides adjacent to the honeydew 
beech forest. All wasps were sampled on fine 
days over a 2 month period in two successive 
years: 28 February to 27 April 1989; and 6 
February to 11 April 1990. An initial target of 
at least 100 wasps was set for each microhabitat 
within each site. This was achieved in most 
cases, except at Taylorville where few wasps 
were found (fewer than five wasps per hour 
were encountered in 1990). 

Counts on individual trees. The Nile and 
Tiropahi sites were beech forest remnants sur
rounded by selectively logged forest. Wasps 
were collected in both environments (unlogged 
and selectively logged) and recorded separately. 

Appendix 

The total number of wasps present on one half 
(180°) of the bottom 2 m of each tree was 
recorded before collections were made. 

Results 

Habitat differences 

Large differences were found in the percent
age of common wasps in each habitat type from 
the 22611 workers received in the postal survey 
(Table 1). The highest percentage of common 
wasps was in honeydew beech forest (84.5%), 
and the lowest in rural habitats (excluding 
forest) (35.3%). 

In 1989, at Tiropahi and Nile sites common 
wasps were already the more numerous on 
honeydew trunks in the undisturbed forest, but 
German wasps where still more numerous in 
the logged areas (Table 2: Nile, X2 

with continuity 

correction = 27.8, d.f. = L P < 0.001; Tiropah{, 
X2

",i,hcontiouityoorrection 506, d.f. 1, P<0.001). 
In 1990 common wasps were numerically domi
nant in both habitats (Table 2). 

Table 1. Percentages of common and German wasps in samples of workers, 
received from a nationwide postal survey, from four habitat types. 

Habitat type 

Beech forest Other forest Rural Urban 

% common wasps 84.5 64.0 35.3 51.0 
% German wasps 16.5 36.0 64.7 49.0 

No. of samples 2722 1345. 5688 12856 

Table 2. Differences in species composition between intact forest 
and surrounding selectively logged forest at two sites in 1989 and 
1990. c thc common wasp, g;: the German wasp. 

Intact forest Cutover forest 

c g c g 

Tiropahi 1989 1089 73 203 262 
1990 341 1 508 6 

Nile 1989 79 21 42 59 
1990 125 0 140 5 



Microhabitat lLse 

Within honeydew beech forest that con
tained substantial proportions of both wasp 
species in 1989, proportions of common 
and German wasps differed among litter, 
foliage and honeydew trunks (Costello 
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Hill G = 21.7, d.t 2, P<O.OOl; Tiropahi 
G = 178, d.t. = 2, P < 0.001). Also the pro
ponion of common wasps on foliage was 
higher than on the litter (Fig 2a: Costello Hill 
x" with continuity correction 8.85, d.t. 1, P = 
0.003; Tiropahi X2

with continuity correction 45.6, 
d.f. = 1, P < 0.001). At Costello Hill in 1989, 

Tlropahi 

n = 1505 

lJropahi 

n = 650 

Spooners 

n 405 

Spooners 

n 344 

1I. 

III 

• 
0 

"-

!III 

.. 
0 

"* 

Roadside 

Honeydew 

Foliage 

Litter 

All microhabitats 

Roadside 

Honeydew 

Foliage 

Litter 

All microhabitats 

Fig. 2. Proportions of V. vulgaris in samples of workers from four microhabitats at four sites in beech forest 
in (a) 1989 and (b) 1990. The four sites can be considered equivalent to a time sequence at one site and 
therefore points have been joined by lines. Vertical bars represent 95% binomial confidence intervals. 
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where German wasps were numerically domi
nant, a lower percentage of common wasps was 
found on honeydew trees than on either litter or 
foliage (Fig. 2a). At Tiropahi, where common 
wasps were numerically dominant, the reverse 
was true: a higher proportion of common wasps 
was found on honeydew trunks than on the 
foliage or litter. The lowest proportion of 
common wasps was found foraging along the 
roadside (Fig. 2a). At Taylorville we found 
only two common wasps. but at Spooners only 
common wasps were found. 

In 1990 the patterns were similar (Fig. 2b). 
The proportions of common and German wasps 
varied between the three habitats within the 
bush (Taylorville G 6.94. d.f. = 2, P < 0.05; 
Costello Hill G=55.6, d.f. 2, P<O.OOI, 
Tiropahi G = 24.0, d.f. 1. P < 0.001), and the 
proportion of common wasps on foliage was 
higher than on the litter (Fig. 2: Costello Hill 
X2

with continuity correction = 24.37, d.f. I, P < 
0.00 1; Tiropahi x,2 with continuity correction = 8.43, 
d.f. 1, P= OJJ(4). The proportions of common 
wasps were also greater at all four sites on the 
'invasion front' in 1990 than in 1989. However, 
the extent of change differed between sites (Fig. 
2b). The percentage of common wasps on 
honeydew trees at Taylorville increased from 
0.7% in 1989 to 71.7% in 1990. In contrast, at 
Costello Hill the increase in common wasps on 
honeydew trunks was from 6.9% to 11.8%. 
Again only common wasps were found at 
Spooners. 

Distribution among trees 

At Tiropahi in 1989, the distribution of wasps 
was examined on honeydew trunks in the logged 
habitat, because the two species were almost 
equally abundant (overall proportion of Ger
man wasps on honeydew trunks, 0.56). Despite 
the equal abundance very few individual trees 
produced a sample of wasps close to this mean: 
usually trunks were dominated by one species 
or the other (Fig. 3). 

Discussion 

Habitat differences and regional coexistence 

The postal survey indicates that the common 
wasp predominates in honeydew beech forest 
whereas the German wasp maintained a higher 

,25~A9 ,50-.74 
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Forest 

Cut-over 

Proportion V. gcrmanica 

Fig. 3. Frequencies of honeydew trce trunks at 
Tiropahi with different proportions of V.vulgaris and 
V.germanica in 1989. 

relative abundance in other more open habitats. 
Sampling of workers within, and around, honey
dew beech forest also suggests that the common 
wasp eventually becomes numerically dominant 
in honeydew beech forest, and that the German 
wasp is relatively more abundant in the open 
habitat surrounding the forest than within it. 

The habitat differences of the two species are 
consistent with the habitat segregation hypo
thesis, and could contribute to long-term co
existence in regions containing' a mixture of 
habitat types. Alternatively, the common wasp 
(the invasive species) may replace the German 
wasp (the established species) at different rates 
in different habitats, and the common wasp 
may eventually eliminate the German wasp from 
all habitat types in New Zealand. However, in 
Great Britain, where .both species occur nat
urally and are relatively abundant, their geo
graphic ranges show considerable overlap 
(Archer, 1978), with the German wasp having a 
slightly more restricted altitudinal distribution 
than the common wasp (Spradbery, 1973). 
There is no documented evidence to suggest 
that either species is able to exclude the other 
from regions containing a mLxture of habitats 
in any other country where the German and 
common wasps are both present. 

lVlicrohabitat use and focal coexistence 

Within honeydew beech forest, foraging 
differences were found between species, and 



these might be expected to permit some de
gree of local coexistence. The most important 
differences were between wasps foraging for 
protein on the litter and foliage within the 
forest. Despite this difference, the common 
wasp displaces the German wasp completely 
in honeydew beech forest within 5 years of 
invasion (Moller et al., 1990). This suggests 
that factors other than competition for protein 
may be responsible for species replacement. 

The four sites in Fig. 2 can be regarded as 
a cross-section through the invasion front of 
the common wasp as it moves south down the 
west coast of the South Island (d. Sandi and & 
Moller, 1989). As the common wasp invades an 
area it forages principally on foliage, and only 
later comes to dominate other microhabitats. 
The German wasp's last stronghold appears 
to be open ground surrounding the forest, 
although eventually it may be eliminated from 
this too, as has occurred at Spooners Range 
Scenic Reserve. 

The transition of numerical dominance on 
honeydew trunks from German to common 
wasps between Costello Hill and Tiropahi (Fig. 
2) involves a larger change in the proportion of 
common wasps than the change on foliage or 
litter. If one assumes that the four sites in Fig. 
2( a) reflect the patterns of microhabitat change 
that would be observed through time at one 
site, then the switch in numerical dominance on 
honeydew trunks is more rapid than the more 
gradual change in the other three microhabitat 
components. This implies that the species which 
is more abundant may be able to monopolize 
the honeydew resource: few trunks supported 

numbers of both species (Fig. 3). The 
fourteen decisive conflicts observed between 
German and common workers resulted in vic
tory for the German worker (H. Moller, unpub
lished observations), but despite this, it is the 
common wasp that is displacing the German 
wasp within New Zealand beech forests. There
fore agonistic exclusion of Gerrnan wasps from 
honeydew trunks by common wasps is unlikely 
to be the mechanism of species replacement. 

All the sites show an increase in the relative 
abundance of the common wasp, from 1989 to 
1990, as the German wasp is displaced. This 
pattern does not simply represent normal vari
ation in the relative abundance of the two 

In no case in the data presented, or 
in other years that the wasp population has 
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been monitored by various other methods 
(Sandland & Moller, 1989; Moller et al., 1990), 
have we observed a German wasp increase re
lative to the common wasp. In addition the 
German wasp has not reinvaded any of the 
Nelson areas from which it has been excluded, 
despite German queens being recorded in 
some of these areas (R. Harris, unpublished), 
possibly coming from surrounding rural habitat. 
So although the time period of the study is 
short, it reflects the pattern of common wasp 
invasion that has been observed over the last 6 
years in honeydew beech forest in the northern 
half of the South Island, New Zealand. 

Some degree of microhabitat or resource 
partitioning, as demonstrated by wasps foraging 
for protein in honeydew beech forest, may be 
necessary for the coexistence of abundant, 
generalist animals, but it is apparently not suf
ficient to guarantee coexistence. Unfortunately 
the actual mechanism(s) of replacement re
mains unknown for these two wasps: further 
work is continuing to identify causal factors and 
to find out whether common wasps continue 
to coexist with, or eventually eliminate, the 
German wasp from other habitats. 
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SHORT COMMUNICATION 

WEATHER-RELATED DIFFERENCES ATTRACTIVENESS OF 
PROTEIN FOODS TO VESPULA WASPS 
Summary: Low acceptance of protein baits by common (Vespula vulgaris) and German (V germanica) wasps 
(Hymenoptera: Vespidae) occurred after rain in honeydew beech forest. This corresponded with a sharp decrease in 
the proportion of natural protein in the diet of V vulgaris and V germanica, and a reduction in the concentration of 
carbohydrate-rich honeydew in the crops of foraging wasps carrying liquid. The reduction of protein foraging most 
likely results from a change in the efficiency of foraging wasps at gathering high energy foods such as honeydew 
after rain, because rain reduces honeydew availability. Workers may therefore take longer to meet their own energy 

before for to feed larvae. 

Key words: wasps; VesPlIla \'ulgaris; VesPlIla germanica; diet: rain; honeydew: carbohydrate: protein: poisoning. 

Introduction 
Poison baiting has been used to reduce local populations 
of common (Vespala vulgaris (L.)) and German (V. 
germanica (F.)) wasps from picnic, camping and 
logging areas (Spurr, 1989; pets. comll1.). However, 
Thomas et al. (1989) were unable to eliminate sufficient 
common wasps for long enough to complete an 
experimental test of the impacts of wasps on insects and 
birds. Their failure appeared to be due to low 
acceptance of the protein baits. Spurr (1989; pers. 
('omm.) also described variation in bait take between 
trials, and earlier poisoning protocols using fish baits 
laced with Mirex poison (Perrott. 1975) had highly 
variable success (Walton and Reid, 1976; Akre et al., 
1981). 

In order to reduce such variation in bait acceptance 
the mechanisms causing changes in wasp foraging 
patterns need to be understood. This paper describes the 
influence of recent rainfall on the number of common 
wasps accumulating on protein baits in a honeydew 
beech forest (Nothofagus spp.) in the South Island. 
Honeydew consists of drops of sugary exudate that 
accumulate on the ends of the anal filaments of native 
scale insects (Ultracoelostoma assimile (M.); see 
Crozier, 1981; Grant and Beggs, 1989; Morales, Hill 
and Walker, 1988). 

Interpretation of the bait acceptance data was 
assisted by a subsidiary investigation into the influence 
of rain on the type of natural food being transported to 
wasp nests by foraging common and German wasps, 

Methods 

Study areas 

Wasp baiting was conducted at Pelorus Bridge Scenic 
Reserve, 25 km east of Nelson. Wasp forager loads 
were studied at Spooners Scenic Reserve, 35 km 
southwest of Nelson, and at Tiropahi. 28 km south of 
Westport on the West Coast of the South Island. 

Spooners is a patch of honeydew-infested beech 
forest amidst pine plantation forest, and has been 
described by Gaze and Clout ( 1983). The Pelorus 
Bridge and Tiropahi sites are on the margins of much 
more extensive honeydew beech forests, and have been 
described by Sandlant and ;VIoller (1989) and Harris, 
Thomas and Moller (1991), respectively. The wasps at 
Pelcirus Bridge and Spooners were all Ii. vulgaris. V 
germanica and V. vulgaris colonies were located at 
Tiropahi in 1989. In 1990, all of the 30 nests located in 
the Tiropahi area belonged to V vulgaris, and only 
3.4% of workers collected while foraging were Ii. 
germanica (Harris et al .. 1991). Therefore, eight V. 
germanica colonies were moved into the site to enable 
species comparisons to be made (see Harris 1991, for 
details). 

Baiting 

Five baiting trials were conducted at Pelorus Bridge 
between January and April 1989. From 22 to 75 bait 
stations made from 130 mm x 230 mm polystyrene trays 
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were placed on the ground, at 15-30 m intervals along a 
transect through the forest. Each tray was baited with 30 
g portions of cat food consisting of sardines in aspic 
jelly ("Wonder cat" brand, packed by Pataya Food 
Industries Ltd, Samutsakorn, Thailand). Bait stations 
were revisited 1-7 times in the 4 hours after being 
established. The number of wasps feeding on bait at the 
moment of arrival at each bait station was recorded. If 
wasps had removed all bait from a tray no counts were 
made. 

Marked wasp nests in the area were visited during 
each bait trial and the number of wasps leaving each 
colony in one minute counted, This "tranic rate" 
provides an index of numbers of wasps flying in the 
area during each trial (Malham et al. /991), 

Rainfall was recorded daily on open land 300 m 
from the study site. 

Wasp forager loads 

In 1989, wasps returning to nests at Tiropahi and 
Spooners were intercepted with an entrance trap (see 
Harris, 1989), and any load being carried was removed 
and identified (Harris, 1991), Prey foragers were 
defined as those carrying an external load of animal 
matter; wasps excluded from the forager category 
carried wood pulp or had no external load. Samples 
were collected on 23 days between 2 February and 7 
May 1989. Sampling days were split into wet (n= 10) 
and dry (n= 13) based on the presence or absence of rain 
in the 24 hours prior to sampling. 

At the Tiropahi site in 1990 individual foragers 
were gassed with CO2, and had their crop contents 
regurgitated by applying pressure, using forceps, to the 
underside of the abdomen. If the wasp regurgitated any 
liquid, it was collected in a 1 mm diameter capillary 
tube, and its volume determined. The sugar 
concentration of the liquid was determined with a hand 
held refractometer (Grant and Beggs, 1989), 
Carbohydrate foragers were classified as those wasps 
with a crop containing a clear sugary liquid. Foragers 
returning to common and German nests were 
intercepted on five days between 20 March and 10 April 

1990. A 2.5 - 3 hour period was spent sampling each 
species on each day. Sampling days were split into wet 
(n=2) and dry (n=3) based on the presence or absence of 
rain in the 24 hours prior to sampling. 

Results 
Bait trials 

Numbers of wasps per bait in the five trials ranged from 
0.59 to 10.81 (Table I). Despite such wide fluctuations 
in the numbers of wasps at baits. traffic rates of wasps at 
nests were very similar on all sampling days (Table I). 
The lowest daily mean number of wasps on baits (8 
February) differed significantly from the next lowest 
mean 03 March; t = 32.1, dJ. 438, P < 0.00 I). The 
February trial was conducted after 3 days of rainfall (95 
mm in total) and we suggest that this influenced the 
number of wasps on baits. However. it is clearly not the 
only factor involved as almost 5-fold differences in 
catches were recorded on the other days. 

Differences in numbers of wasps per bait between 
days did not result from differences in the numbers of 
times each bait was visited because there was little 
change (apart from initial build-up in numbers) in the 
abundance of wasps while bait remained, and visits to 
trays by observers were about equally spaced 
throughout the 4 hour observational period after bait 
was put out. 

Wasp forager loads 

The proportion of foragers carrying prey after wet and 
dry days varied between species and site (Table 2). 
However, at both sites wasps collected more prey after 
fine weather than after wet weather. 

No differences were found in the volume of crop 
fluid carried by returning carbohydrate foragers between 
wet _and dry days, or between species (Table 3). 
However, the concentration of sugar in crop tluid of 
returning foragers was lower after wet days for both 
species (Table 3). The decrease in concentration was 
greater for V. vulgaris than for V. germanica. 

Table I. Numbers of wasps (mean ± 95% C.l.) all cal-food baits alld numbers /eal·ing wasp nests per mimlle at Pe/ol'lls Bridge. 
Bait statiolls with all hail removed were the in tile three bait trial is a/so 5110' .... 11. 

Number 
Date of bait 

8 Feb 89 60 
2 Mar 89 60 
13 Mar89 60 
10 89 22 

0.59±0.19 
5.93 1.06 
2.33 ± 0.47 
6.44 ± 1.18 

Number 

261 
84 

179 
140 

Wasps 
per 

24 ± 5.25 
25 ± 3.70 
32 5.02 
23±4.19 

Number of 

45 
58 
42 
40 

3-day 
Rainfall 

95 
I 
o 
1 
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Table 2. The perce/ltage ofvesplilid worker wasps returning 10 nests at Spooners Range Scenic Reserve and Tiropahi (from 23 
sampling days befl\'eell 2 February and 7 May 1989) which carried prey in wet (10 days) and dry weather (13 days). "Wet" davs 
were those in which some rain was recorded in the 24 hOllrs prior to sampling. The !lumber of wasps sampled is in parellIheses. 

Weather 

Species difference at Tiropahi 
WET 
DRY 

Site difference for V mlgaris 
WET 
DRY 

Weather difference 
Spooner, V I'u/garis 
Tiropahi V I'ulgllris 

Percentage of wasps carrying prey 
Spooners Tiropuhi 

18.46 (2172) 

4.49 
15.98 

8.67 
34.15 

85.92 
14.14 

14.91 (966) 
I 

24.95 (461) 

0.034 
<0.001 

0,003 
<0.001 

<0,001 
<0,001 

Table 3. The volume and COIlCl'llIratioll of crop liquid ill German alld commoll wasps foraging lor carhohydrate after wet alld dry 
weather at Tiropahi ill 1990. ANOIIAs were carried Ol/l on log-transformed data, Wet weather was dellned as doys in which allY 

ill the 24 II The l1umhel' is ill t)w'entheses 

Species 

V l'ulgaris 

Source of variation 
Species 
Weather 
Species X weather 

ANOV A table for concentration 
Species 
Weather 

X weather 

Discussion 

Weather 

Wet 
Dry 
Wet 

dJ. 

After rain there is a dramatic drop in protein feeding by 
wasps (Table 3), and consequently in their interest in 
protein baits put out to poison them, The drop in protein 
feeding is not simply a reduction in activity (traffic from 
nests), as during bait trials activity remained similar 
whether bait-take was low or high, and marked 
reductions have only been recorded during very heavy 
rain (Spradbery, 1973). 

The main prey of wasps in honeydew beech forest 
are spiders and insects (Harris, 1991), It is unlikely that 
less invertebrate food was available after rain, causing a 
reduction in protein brought to nests, because the -
number of wasps on baits was lowest after rain at 

Mean volume Mean concentration 
±95% c'l. ± 95% C.l. 

16,7 ± 1.2 (43) 14.0 ± 1.1 (43) 
14.7 ± 1.1 (55) 19.0 ± Ll (55) 
14,7 ± Ll 11.8 ± LI 

F-ratio 

0,84 0.3585 
0,78 0.3785 

7,13 0,0076 
95.78 <0,0001 

Pelorus Bridge, The reverse would be predicted if 
protein foods other than baits were hard to find. In 
addition, fewer wasps are seen foraging for prey directly 
after rain (pers, obs,). 

Energy demands of a colony may be increased due 
to rain, increasing carbohydrate foraging at the expense 
of protein collection. Reductions in traffic rates (the 
number of wasps entering and leaving a nest per unit 
time) have been recorded in heavy rain (Spradbery, 
1973), so this could be a contributing factor. Protein 
foraging, however, remains depressed long after rain 
has stopped and traffic rates have returned to normal 
levels; therefore another factor is involved, 

The principal reason for the reduction in protein 
foraging appears to relate to the ability of foraging 
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wasps to gather high energy foods after ruin, Honeydew 
drops are diluted and washed onto the ground or tree 
trunk by rain, This triggers a change from feeding 
directly on honeydew drops to a lapping mode of 
feeding (Moller and Tilley, 1989), and thus an increase 
in time spent gathering honeydew at each tree (/lllpllhl. 
dU:1), Our results show that while returned 
with the same volume of tluid, the sugar concentration, 
and consequently energy content, of their load was 
much reduced in wet compared with dry conditions, 
This may result in the collection of high energy foods 
like honeydew becoming an immediate priority for the 
sustenance of the colony, ruther than the collection of 
protein, which is required for larval growth. Variation in 
honeydew quality and concentration, along with 
variation in wasp density may explain some of the 
variation in bait acceptance on days when no rain was 
recorded at Pelorus during baiting trials (Table l), We 
are now investigating the changes that occur in the 
honeydew resource and the response of the wasps to 
these changes, 

Deployment of poison bait stations is expensive, 
time-consuming and potentially dangerous to humans 
and non-target animals, Fish and meat baits quickly 
decay and lose their attractiveness to wasps once 
exposed to air and sunlight (pel's. ohs.), Consequently. 
baiting should be avoided altogether (in honeydew·rich 
beech forests at least) until a small scale pre-poisoning 
trial after rain shows a resurgence of interest in protein 
foods by wasps. This will indicate the maximal level of 
bait attractiveness that can be achieved at that site, 
during that season, and so maximise chances of success. 
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Short communication 

An entrance trap to sample foods of social wasps 
(Hymenoptera: Vespidae) 

RICHARD J. HARRIS 
Department of Zoology 
University of Canterbury 
Christchurch, New Zealand 

Abstract The design of an entrance trap to enable 
collection of food from foragers returning to common 
and German wasps (Vespula vulgaris and V. 
germanica) nests is presented. 

Keywords entrance trap; wasps,' Vespula; diet 

INTRODUCTION 

An accurate method of sampling food, being carried 
by foragers returning to nests of the social wasps 
Vespula vulgaris and V. germanica. is re9uired to 
investigate diet and foraging patterns. Prey Items are 
often too small to be seen as wasps enter a nest and 
prey and woodpulp cannot easily be distinguished. 

Some information can be obtained by simply 
netting groups of returning foragers and shaking 
prey from them (Gambino 1986), but to obtain more 
precise data, large numbers of foragers need to be 
sampled regularly and efficiently with minimal 
disturbance to the colony . 

. Broekhuizen&Hordijk(1968)designedadevice 
consisting of a perspex channel system to sample 
returning foragers, but it was ineffective because it 
failed to separate foragers into ingoing and outgoing· 
streams. Subsequently, Vuillaumeetal. (1969; cited 
in Edwards 1980) used a series of funnels to separate 
ingoing and outgoing foragers for electronic counting, 
and Archer (1977) used a similar device which 
incorporated a trap door to enable w~sps .to ~e 
removed with an aspirator. The trap descnbed III thIS 

Received 16 January 1989; accepted 30 March 1989 

paper incorporates features of these two traps. It 
includes a Y valve to allow foragers to be diverted 
into a collecting container, and ducting and building 
paper which allows the trap to be fitted to irregular 
nest entrances in the field. 

TRAP DESIGN AND INSTALLATION 

The entrance traps (Fig. 1) I have constructed consist 
of two plastic funnels (165 mm diam.) connected by 
PVC lubing (25 mm internal diam.). Between the 
two funnels (on the entrance tube) is an RC Marine 
"Marelon" Y valve, normally used with a boat 
pump. The valve allows returning foragers to enter 
the nest directly or be diverted into the gassing 
chamber. The gassing chamber consists of a tube 
leading to a detachable jar. The tube leading to the jar 
has a smaller tube leading into it; this allows anaes
thetising CO to be administered to trapped wasps. 

To instaIf the trap over a nest, the ducting tube 
(attached to the rest of the trap) is placed over the 
nest entrance. Building paper is placed around the 
ducting and over the surrounding ground and covered 
with soil and stones to hold it in place. This helps to 
prevent workers digging alternative exits. If the nest 
entrance is in a bank, the ground in front of the 
entrallce can be built up using soil and logs so the 
entrance funnel is the same height as the old nest 
entrance. 

The nest should then be left for a week or more 
before sampling to enable foragers to become familiar 
with the new entrance and allow the colony to re
covery from any disturbance caused by installation. 

DISCUSSION 

The trap is designed to separate incoming ~d 
outgoing foragers into two streams. W asps return~g 
to the nest enter the large external funnel operung 
and most walk up the walls of the tapering funnel, 
into the entrance tubing. They then move along its 
course through the Y valve and into the cUlVed 
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Fig. 1 (A) Birds eye view of entrance trap with the sides of the funnels partially removed. Arrows sllow the direction 
of wasp movement; (B) Side view of entrance trap showing position over a nest in a bank. 



Ranis-a trap to sample foods of wasps 

ducting tube. The outlet tube is missed because it 
protrudes 30 mm from the external funnel and entry 
may also be prevented by the presence of a stream of 
foragers leaving the nest. Exiting foragers leave the 
nest via the ducting which leads to the internal 
funnel and from there to the exit tubing. The entrance 
tube is missed as it projects 30 mm from the surface· 
of the internal funnel. 

In February 1988, I installed traps on two V. 
vulgaris nests in the Trass Valley, 35 km west of 
Nelson. In January and February 1989 an additional 
14 traps were installed on nests in the Spooners 
Range Scenic Reserve (35 km west of Nelson) and 
along the Nile River, inland from Charleston (28 km 
south of Westport). 

Foragers returning to the nest immediately after 
installation of the trap were slow to enter the new 
entrance (however, more than 50% entered the exit 
tube). Seven, one minute counts of wasps entering 
and exiting five of these nests, 1-2 days afterinstalla
tion, revealed that about 80% (235 out of 290) of 
returning foragers used the entrance tube when 
entering the nest. After 10-14 days, about 90% (512 
out of 550) used the correct entrance and a similar 
percentage did so throughout the remainder of the 
season. 

When leaving the nest, 98% (140 out of 143) 
exited via the correct tube, and none of those leaving 
via the entrance tube were observed to be carrying 
soil particles. This indicates that wasps exiting 
incorrectly may actually have beenretuming foragers 
that had become confused and turned around before 
reaching the nest My observations indicate that 
most of these wasps fly less than a metre from the 
entrance and then enter the nest again.This demon
strates that almost all wasps that are being sampled 
are returning foragers. 

Foragers from some nests managed to establish 
alternative ways in and out and so bypassed the trap; 
however, blocking the new exits with soil usually 
solved the problem. 

In March 1988, and from Febrnary to May 1989, 
foragers were sampled regularly throughout the day 
with minimal disturbance to the colony. To obtain a 
sample the Y valve tap was turned so that wasps 
entered the gassing chamber. After initial hesitation 
(up to a minute) wasps began to move into it The 
moment any wasps entering the trap turned around 
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and began to move back towards the Y valve the 
chamber was shut off by turning the tap back to its 
initial position. This meant the chamber was open 
for variable amounts of time (from 1-2s t02-3 min) 
during which 1-20 wasps were trapped. They were 
then anaethetised with a blastofCOz through the gas 
entry tube and any individuals in the tube itself were 
blown into the detachable end jar. The jar was then 
removed and each wasp was inspected individually 
for the presence of prey or woodpulp. Time, number 
of wasps sampled, and number carry-ing loads were 
then recorded, and collected items were transferred 
to vials for later identification. Finally, wasps (still . 
anaesthetised) were released onto the forest floor 
beside the nest entrance, the jar was reattached to the 
trap, and another sample was taken. On a regular 
basis I sampled 30-60 wasps per hour in this way 
and made six one minute counts of foragers entering 
and exiting the nest during the same period. Sampling 
of this intensity represents only a small proportion 
« 1/50) of the wasps entering the nest It is large 
enough to obtain reasonable sample sizes but not 
large enough to affect nest activity and disrupt the 
colony. 
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Appendix items taken to four nests by V. vulgaris 
foragers at Spooners Range in 1989. 

PREY ITEM NEST 
1 2 3 4 

Total Was£s Sampled 442 818 838 615 
Total Loa ed 104 151 172 156 
Total Prey Items 56 113 121 
Undetermined 5 20 15 26 
Identified Prey 51 93 106 95 

INSECfA 7 29 19 

Blattodea 1 1 

Coleoptera (a) 1 2 3 
(1) 2 

Dermaptera 1 

Diptera 9 9 14 13 
Calliphoridae 2 
Tipulidae 1 4 2 

Hemiptera 4 

Hymenoptera 1 5 4 5 
Braconidae 1 
Formicidae 2 
Ve~idae 

espuZa 2 
Apidae 

Apis 
mellifera 2 3 

Lepidoptera (a) 3 6 5 2 
(1) 12 17 19 24 

Orthoptera 1 1 
Stenopelmatidae 1 

Psocoptera 1 8 3 4 

ARACHNIDA 

Acari * 1 2 

Araneae 13 12 15 
Salticidae 

Pseudoscopionidae 1 

'* associated with unidentified tissue blobs 
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