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Prey attraction by larvae of the New Zealand glowworm,
Arachnocampa luminosa (Diptera: Mycetophilidae)

R. Adam Broadley and Ian A.N. Stringer*
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Abstract. The hypothesis that bioluminescence produced by larvae of the New Zealand glow-
worm, Arachnocampa luminosa, attracts prey was tested experimentally in Reserve Cave, Wai-
tomo, New Zealand, and in its bush-clad entrance over a total of 200 days during winter, spring,
and summer. We compared catches on transparent adhesive traps placed either over glowworms
or over areas from which glowworms had been removed. Adhesive traps over glowworms
caught significantly more invertebrates per trap per day than did control traps. Glowworms in
bush attracted greater numbers and types of invertebrates than did glowworms in the cave.
Diptera predominated in both bush (86% of the total catch) and cave (89%). Also caught were
small numbers of Araneae, Coleoptera, Hymenoptera, Orthoptera, Trichoptera, Gastropoda, Ac-
arina, and Neuroptera—Ilisted in order of abundance—but no adults of A. luminosa were caught.
Glowworms under adhesive traps survived with little or no food for up to 78 days.
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Bioluminescence is most common in marine ani-
mals, rare on land, and extremely rare in freshwater.
It is probably used in defensive functions such as cam-
ouflage against down-welling light in the mesopelagic
marine zone, to warn off potential predators, and in
defensive maneuvers; in intraspecific communication
such as maintaining contact within schools or in at-
tracting mates; in obtaining food attracted to the bio-
luminescence, and to see by (Harvey 1952; Herring
1978). Few of these uses have been confirmed exper-
imentally (Herring 1978). This applies to biolumines-
cence produced by larvae of the New Zealand glow-
worm, Arachnocampa luminosa (SKUSE 1890)
(Diptera: Mycetophilidae: Keroplatinae).

Meyrick (1886) first suggested that glowworm lar-
vae use their bioluminescence to attract prey, and this
has been assumed to be so ever since. The light is
produced at the posterior end of the body by the distal
ends of the Malpighian tubules (Green 1979). The lar-
vae live in caves and on banks in bush where the hu-
midity is high and where they are protected from wind.
Each larva constructs a horizontal web surrounding a
ribbon-like gallery on which it lies. It suspends up to
30 vertical fishing lines from the web (Fig. 1). Each
fishing line has small, sticky, regularly spaced droplets
which snare small invertebrates that fly or fall into

* Author for correspondence. Ecology Building, Massey Uni-
versity, Private Bag 11222, Palmerston North, New Zea-
land. E-mail: i.stringer@massey.ac.nz

them. Invertebrates caught in the fishing lines are
hauled up and eaten (see reviews by Kermode 1974;
Pugsley 1983; Meyer-Rochow 1990).

The bioluminescence produced by another keropla-
tine, Orfelia fultoni FISHER, was shown experimentally
to attract some arthropods, including a number of fly-
ing dipterans (Sivinski 1982). The larvae of O. fultoni,
however, make horizontal webs over depressions in the
ground and these nests lack vertical fishing lines (Siv-
inski 1982, 1998).

The only information on the potential prey of larvae
of A. luminosa are reports of invertebrates found caught
in the fishing lines (Norris 1894; Richards 1960; Stringer
1967; Pugsley 1984) or in traps placed near glowworms
(Pugsley 1984; Oxenham 1985). Many of the prey are
flying insects but immature isopods, ants, amphipods,
millipedes, and small land snails are also caught, indi-
cating that non-flying prey may jump or fall into glow-
worm snares.

We tested the idea that various kinds of invertebrates
are atfracted to glowworm bioluminescence, in a cave
and in nearby bush. We compared the numbers of in-
vertebrates caught on transparent adhesive traps that ei-
ther surrounded live glowworms and their nests or sur-
rounded areas from which glowworms had been
removed.

Methods

The adhesive traps were 3-litre clear plastic drink
bottles with the bottom third cut off (Fig. 1). Each trap
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Fig. 1. Transparent adhesive trap used to determine what
invertebrates are attracted to the bioluminescence of larvae
of Arachnocampa luminosa.

was held in place with a pair of tie-wires cemented to
the substrate with non-toxic “Emerkit” epoxy resin
putty (S. Austin Carr & Co. Ltd., Auckland, New Zea-
land). Each wire was attached to an aluminium hook,
a pair of which were riveted on either side near the
base of the bottle. Foam rubber, glued to the cut edge
of the bottle, sealed it against the substrate. The open-
ing of the plastic bottle (32 mm diameter) was left
uncapped to provide free exchange with the air out-
side. The outer surface of the plastic bottle was coated
with a thin layer of ““Tanglefoot™ (The Tanglefoot Co.,
Grand Rapids, MI 49504, USA). All invertebrates
caught in the adhesive were removed with forceps,
then cleaned and stored in kerosene. Most were iden-
tified to family.

The adhesive traps were set simultaneously by the
bush-clad entrance to Reserve Cave, Waitomo
(38°16'S, 175°05’E) and about 500 m inside the cave
(Fig. 2). Large populations of larvae of Arachnocampa
luminosa were present at both locations. Each trap was
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placed so that it surrounded either a glowworm larva
together with its entire nest or an area from which a
glowworm and its nest had been removed. Glow-
worms used in the bush were 15-25 mm long and
those used in the cave were 20-30 mm long. These
were up to two-thirds the lengths of full-grown larvae
to ensure that they would not pupate during the study.
Of the 28 glowworms selected in the bush, 16 were
chosen at random and removed. Of the 29 glowworms
selected in the cave, 15 were chosen at random and
removed. A trap was then fixed over each glowworm
or over the site that a glowworm had occupied. The
traps were first set on 4 July 1995 and left for 60 days
during winter. Water runoff in the bush destroyed the
invertebrates caught on 1 trap over a glowworm and
on another 6 traps without glowworms, so these traps
were removed and not set again. The remaining ad-
hesive traps were set again in the same places for 62
days from 9 September 1995 (spring), and for 78 days
from 10 November 1995 (summer). Four glowworms
disappeared from within their traps in bush during
summer, so data from these traps were discarded.

The transmission of light through the traps was de-
termined with a “Jenway” 6105 spectrophotometer
(Jenway Ltd., Dunmow, England). Thirty pieces of the
traps together with Tanglefoot were cut to fit into the
spectrophotometer, and tested at 10 nm intervals be-
tween 420 and 600 nm. This covered the spectral range
of glowworm bioluminescence (Shimomura et al.
1966).

Numbers of insects caught in individual traps were
too low to perform a seasonal analysis so the total
numbers of invertebrates caught over the entire 200-
day sampling period were used to perform a two-way
analysis of variance with log(number of invertebrates
caught + 1) as the dependent variable and trap type
(with or without glowworms) and habitat (bush or
cave) as independent variables. In addition, for each
habitat, single-factor analyses of variance were per-
formed on each invertebrate group after log(n+1)
transformation. Only invertebrate groups that occurred
5 times or more in the respective habitats were used
in these analyses. All analyses were performed using
generalised linear models with S-PLUS (MathSoft
1997).

Results

Traps placed over glowworms at both bush and cave
sites caught significantly more invertebrates overall
than control traps (p<<.0l, Table 1) even though the
traps reduced the intensity of bioluminescence by 80—
81%. Both glowworm-occupied traps and control traps
in the bush at the entrance to Reserve Cave caught
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Fig. 2. Map of Reserve Cave, Waitomo, showing where ad-
hesive traps were set in the cave and in bush at the cave
entrance.

significantly more invertebrates per trap than traps
within the cave (p<<.01, Tables 1, 2). The difference
between the numbers of invertebrates caught per trap
on glowworm-occupied traps vs. control traps was
greater in bush than in the cave (Fig. 3) and a greater
variety of invertebrates was caught in bush (32 taxa)
than in the cave (16 taxa) (Table 2). There was also
an indication that traps in bush caught more in spring

Table 1.
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than in winter or summer, and that traps in Reserve
Cave caught more in summer than in winter or spring
(Table 2) but the numbers caught were too low to an-
alyse statistically.

Adhesive traps caught a range of invertebrates (Ta-
ble 2). Most were spread over the flat surfaces of the
traps and few were caught on the neck of the traps
near the trap opening. The majority of invertebrates
caught (86% of total bush catch; 89% of total cave
catch) were small flying dipterans 1-4 mm long. No
adults of Arachnocampa luminosa were caught in any
adhesive traps.

Four glowworms disappeared from within their
traps in the bush during summer, but no glowworms
disappeared from the traps in Reserve Cave (Table 2).
No discarded fecal material from glowworms or re-
jected parts of prey were found when the insides of
the traps were examined.

Potential prey in bush

In bush, the only taxa that were caught significantly
more frequently on traps occupied by glowworms vs.
traps without glowworms were total Diptera, and the
dipteran families Dolichopodidae, Psychodidae, and
Teratomyzidae (Fig. 4). Other dipteran families that
were important numerically but not significantly at-
tracted to glowworms were Heleomyzidae, Myceto-
philidae, Sciaridae, Tipulidae, and Trichoceridae. Of
the non-dipteran invertebrates, spiders (Araneae) were
the most frequently caught on all traps, followed by
Coleoptera and Hymenoptera. Ground-dwelling inver-
tebrates such as small snails (Gastropoda), the preda-
tory harvestman Megalopsalis tumida (FORSTER) (Op-
iliones), mites (Acarina), millipedes, Collembola, cave
weta (Orthoptera: Rhaphidophoridae), and isopods
contributed less than 4% of the total number of inver-
tebrates caught in all traps (Table 2, Fig. 4).

Potential prey in Reserve Cave

Glowworm-occupied traps in Reserve Cave caught
significantly more invertebrates overall than traps

Results of ANOVA for the effect of trap (occupied by glowworms vs. no glowworms) and habitat (bush vs.

cave) on the numbers of invertebrates caught per trap. Adhesive traps considered were all those in Reserve Cave (14 over
glowworms, 15 controls) and those not affected by water runoff in bush (7 over glowworms, 10 controls).

% Variance
Source DF Mean-square F Value P explained
HABITAT (bush vs. cave) 1 8.564780 83.0647 .000 90.62
TREATMENT (glowworms vs. control) 1 0.871215 8.4494 .005 9.22
HABITAT X TREATMENT 1 0.014810 0.0144 707 0.16
RESIDUALS 42 0.103110
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Table 2.
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Invertebrates captured on all traps placed over larvae of Arachnocampa luminosa and over areas where larvae

Traps in bush with glowworms

(without glowworms)

Traps in cave with glowworms
(without glowworms)

‘Winter Spring Summer Winter Spring Summer
Gastropoda 3 €)) 2 — —_— —
Isopoda 1) — — —_ — —
Araneae 6 (2) 18 (5) 3(D (1) e)) —
Opiliones ) — 1 (1) — — —
Acarina 1 (1) 12 )] — — —
Diplopoda 1 — M — — —
Collembola 1(1) — — — — —
Orthoptera 3) 2 (1) 2 — —_— 1
Homoptera — — 13) — —— —
Hemiptera — — 1 (1) — — —
Plecoptera — — e — —
Neuroptera — 2 2 (1) — — —
Trichoptera — — 1 (1) — 1 2 (3)
Coleoptera 2 6 (1) 5 (10) 1 1 2(2)
Hymenoptera 7 (2) 3@ 2 — — 3
Diptera 123 (111) 208 (148) 121 (54) 20 (18) 29 (16) 49 (30)
Calliphoridae — — — 1 — —
Cecidomyiidae 1) — — 4 (4) — —
Chironomidae 1 — — — — —
Culicidae 1 — — — — 4 (D
Dolichopodidae 18 20y 51 (48) 42 (20) — — —
Empididae 2 ) — — 2 12 (22)
Heleomyzidae 10 (18) 15 (14) 34 — — —
Muscidae — (D — — — —
Mycetophilidae 18 21) 7 (16) 8 (1) — 4 (7) 3
Phoridae ¢)) — 2) - — —
Psychodidae 5 () 21 (8) 14 — 2 3)
Rhagionidae — 1 — — e —
Sciaridae 17 (12) 71 (41) 27 (8) 11 (13) 20 (9) 20 (4)
Simuliidae 1 —_ — — — 1
Stratiomyidae — 1 1 (1) — — —
Tanyderidae 6 (2) 1 2 4) — — —
Teratomyzidae — 13 8 (3) — — —
Tipulidae 4 (3) 13 (11) 14 (9) 3(D — 3
Trichoceridae 37 (24) 10 (5) 22 — — 2
Unidentified 1(5) 4 (3) — 1 1 4
Total invertebrates 145 (122) 238 (164) 141 (80) 23 (19) 31 (17) 57 (35)
No. traps set 12 (16) 11 (10) 7 (10) 14 (15) 14 (15) 14 (15)

without glowworms but there were no significant dif-
ferences among any of the other taxa caught (Fig. 5).
Dipterans comprised 89% of the total catches and the
most frequently caught families were, in order of num-
bers caught, Sciaridae, Empididae, Mycetophilidae,
and Tipulidae (Fig. 5, Table 2).

Discussion

We have demonstrated that bioluminescence pro-
duced by larvae of Arachnocampa luminosa does at-

tract potential prey and that most of them are small
flying dipterans. We also showed that glowworms and
their nests were not releasing an attractive odour be-
cause few insects were caught near the openings of the
traps. In addition, we showed that there were signifi-
cantly more potential prey invertebrates for glow-
worms in bush than in the cave. Our results may un-
derestimate the importance of bioluminescence
because the traps covering the glowworms reduced the
light intensity by about 80% and because the traps
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Fig. 3. Total numbers of invertebrates caught in transparent
adhesive traps in Reserve Cave and in bush at the entrance
to Reserve Cave, Waitomo. Traps were set over glowworms
and where glowworms had been removed (control). Means,
quartiles, and ranges are shown. Dots indicate outliers. The
upper outlier (cave control) was due to numerous empidids
(Diptera) that were caught on several control traps in Re-
serve Cave.
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were larger than the snares of the glowworms they
enclosed. Broadley (1998) used an infrared video cam-
era and time-lapse recorder to observe a glowworm in
Reserve Cave and reported no prey capture during 11
days whereas we found that glowworms there catch 1|
potential prey every 19.2-36.5 days. We also found
that glowworms in bush catch 1 potential prey every
2.9-5.0 days but the only other information on capture
rates in bush is by Broadley (1998), who reported an
actual capture rate of 1 insect every 12.8 days using
infrared time-lapse video. However, his observations
were made by a stream in Ruakuri Scenic Reserve,
Waitomo, about 1.5 km away from the entrance to Re-
serve Cave, and in February and May.

It is possible that some crawling invertebrates such
as millipedes escaped from the adhesive on our traps.
Conversely, some that were caught on the traps might
not necessarily have fallen into the glowworm snares.
Non-flying invertebrates that drop into glowworm
snares from above can comprise a large proportion of
the invertebrates found in the snares of glowworms in
bush (Norris 1894; Stringer 1967; Pugsley 1984) but
most of the prey reported from glowworm snares in
caves are flying insects (Richards 1960; Pugsley 1980,
1984). However, non-flying potential prey species
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deep within caves in the Waitomo region of New Zea-
land are rare compared with the large numbers of adult
insects that can emerge from the streams flowing
through these caves (May 1963; Pugsley 1980, 1984;
Oxenham 1985).

The only other experimental study of prey attraction
with bioluminescent web-spinning mycetophilid larvae
was that by Sivinski (1982), who studied Orfelia ful-
toni from the Appalachian Mountains of North Amer-
ica. The larvae of O. fultoni make webs over depres-
sions in the ground that are suspended with sticky
strands that trap arthropods (Fulton 1941). Sivinski
(1982) used clear Petri dishes covered with adhesive
and found that significantly more dipterans were
caught on Petri dishes placed over larvae of O. fultoni
than when no larvae were present. However, tipulids
and wingless arthropods showed no significant attrac-
tion to bioluminescence (Sivinski 1982).

In our study in bush, spiders were the commonest
non-dipterans caught on all traps, but there is no evi-
dence that they prey upon glowworms. Broadley
(1998) observed 7 instances of spiders moving through
glowworm nests in Ruakuri Scenic Reserve, Waitomo,
without attacking the glowworms even when 1 glow-
worm unsuccessfully tried to attack a spider. Harvest-
men, however, do attack and eat glowworms in caves

(Meyer-Rochow & Liddle 1987) although none were
caught in our traps in Reserve Cave.

Spider webs were commonly observed in front of
glowworm snares both by us and other authors (Meyr-
ick 1886; Gatenby 1959; Stringer 1967). This suggests
that some spiders may be attracted to the biolumines-
cence, make webs in front of the light, and exploit the
insects that fly towards the glowworms’ biolumines-
cence. At least 1 other orb-web spider is known to
actively choose artificially lit sites for constructing its
webs and exploiting the attraction of insects to the
light (Heiling 1999).

Any reduction in food availability probably adverse-
ly affects the glowworms but they can apparently live
long periods without food, as shown by the survival
of glowworms enclosed by our adhesive traps. These
must have prevented the glowworms within from cap-
turing almost any of the available prey during the 60
to 78 days that the traps were in place. The only access
was through the small opening at the lower end and it
seems unlikely that many insects would fly through
these unless they were attracted by an odour from the
glowworms. We never observed any feces or other dis-
carded material inside the traps that could have origi-
nated from the glowworm and this suggested they had
not fed.
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Significant attraction to glowworm bioluminescence
could be demonstrated only for taxa caught in large
numbers but it is likely that many others, such as
Sciaridae, Trichoceridae, Mycetophilidae, Heleomyzi-
dae, and Tipulidae, may be attracted to glowworm
light. Meyer-Rochow & Eguchi (1984) pointed out
that almost all insects have a photoreceptor containing
photopigment with peak sensitivity to green light, so
they can presumably detect glowworm biolumines-
cence, with a maximum spectral emission in the blue-
green at 487 = 5 nm (Shimomura et al. 1966). Meyer-
Rochow & Eguchi (1984) also argued that this light is
likely to attract many insects, especially the adults of
those aquatic ones that enter caves accidentally as lar-
vae. The adults of many aquatic insects have been re-
ported from glowworm snares in the Waitomo area
(Richards 1960; Pugsley 1980, 1984; Broadley 1998),
but these were rarely caught in our traps either inside
or outside Reserve Cave. However, there is no stream
at the entrance to this cave and only a very small one
at the trapping site inside the cave.

Adults of A. [uminosa are a relatively rare compo-
nent of the flying fauna and so it is not surprising that
they were not caught on any of our adhesive traps.
They can detect glowworm bioluminescence (Meyer-
Rochow & Waldvogel 1979) and have occasionally
been observed caught in fishing lines in other studies
(Gatenby 1959; Pugsley 1984) although most manage
to break free (Richards 1960). It is not known, how-
ever, whether they are attracted to the light, or whether
they simply blunder into the fishing lines. Sivinski
(1982) found 3 adult males of O. fultoni caught on
traps over larvae of O. fultoni and 1 female was caught
on a control trap. In contrast, no imagines of the non-
luminescent keroplatine Neoditomya farri COHER were
attracted to light of any wavelength in a Jamaican
cave; again, adults may have been too rare to detect
(Stringer & Meyer-Rochow 1994). The larvae of N.
Sfarri make webs with fishing lines similar to those of
A. luminosa and obtain enough prey, despite lacking
bioluminescence, because of the large numbers of fly-
ing insects in the caves they inhabit (Stringer &
Meyer-Rochow 1993, 1996).

What is the function of bioluminescence in the pupa
and adult of A. luminosa? Meyer-Rochow & Eguchi
(1984) suggested that it could keep the cannibalistic
larvae away from the pupae by maintaining larval
spacing. The adults have small mouthparts unsuited to
predation and apparently do not eat (Richards 1960;
Harrison 1961). Because mature female pupae often
glow before adult males alight on them, some authors
have speculated that their bioluminescence aids sexual
attraction (Richards 1960; Meyer-Rochow & Wald-
vogel 1979; Meyer-Rochow & Eguchi 1984; Meyer-
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Rochow 1990). However, we have seen males alight
on female pupae that were not glowing and immature
male and female pupae also produce light intermit-
tently (Richards 1960) so it seems likely that other
cues are involved in mate attraction. Furthermore, as
Gatenby (1959) suggested, if bioluminescence alone
attracts males to females, then males could be con-
fused by the lights of larvae, which are usually much
more numerous than pupae. The Malpighian tubules
of Diptera are not affected by metamorphosis (Locke
1985) so it is not surprising that the distal tips in glow-
worms, which are the light producing organs, differ
little between larvae, pupae, and adults (Ganguly
1960; Green 1979). It may be that bioluminescence
serves no function in the pupae and adults of A. lu-
minosa but is simply inherited, together with the Mal-
pighian tubules, from the larvae.

Acknowledgments. We thank Alastair Robertson (Massey
University) for statistical and editorial help, Dave Williams
(T.H.C. Waitomo Caves Hotel) for introducing us to the cave
and for arranging accommodation, and Ray Scrimgeour (De-
partment of Conservation, Te Kuiti) for permits to work
there. Thanks also to Peter Dimond and staff at the Museum
of Caves, Waitomo, for providing office space; Jay McCart-
ney (Massey University) for helping with identifications, and
Alan Carpenter (Crop and Food Research, Levin Research
Centre, New Zealand) for providing insect adhesive. Finan-
cial support was provided by T.H.C. Waitomo Caves Hotel,
Waitomo Caves Management Committee, Ruapuha Uekaha
Hapu Trust, Ecology Group (Massey University), and a
graduate research award from Massey University.

References

Broadley RA 1998. Behavioural ecology and prey attraction
of the New Zealand glowworm Arachnocampa luminosa
(Skuse) (Diptera: Mycetophilidae) in bush and cave hab-
itats. M.Sc. Thesis, Massey University, Palmerston North,
New Zealand. 122 pp.

Fulton BB 1941. A luminous fly larva with spider traits
(Diptera: Mycetophilidae). Ann. Entomol. Soc. Am. 34
289-302.

Ganguly G 1960. Notes on the histology and anatomy of the
larva of Bolitophila luminosa of New Zealand. J. Roy.
Microsc. Soc. 79: 137-154.

Gatenby JB 1959. Notes on the New Zealand glow-worm,
Bolitophila (Arachnocampa) luminosa. Trans. Roy. Soc.
N. Z. 87: 291-314.

Green LFB 1979. The fine structure of the light organ of the
New Zealand glow-worm Arachnocampa luminosa (Dip-
tera: Mycetophilidae). Tissue Cell 11: 457-465.

Harrison RA 1961. Notes on the taxonomy of the New Zea-
land glow-worm Arachnocampa luminosa (Skuse) (Dip-
tera: Mycetophilidae). Trans. Roy. Soc. N. Z. 1: 197-201.

Harvey EN 1952. Bioluminescence. Academic Press, New
York. 649 pp.

Heiling AM 1999. Why do nocturnal orb-web spiders (Ar-



Prey attraction by the New Zealand glowworm

aneidae) search for light? Behav. Ecol. Sociobiol. 46: 43—
49,

Herring PJ 1978. Bioluminescence in Action. Academic
Press, London. 570 pp.

Kermode L. 1974. The New Zealand glowworm Arachno-
campa {uminosa. N. Z. Speleol. Bull. 5: 313-328.

Locke M 1985. A structural analysis of postembryonic de-
velopment. In: Comprehensive Insect Physiology, Bio-
chemistry, and Pharmacology. Kerkut GA & Gilbert LI,
eds., pp. 87—150. Pergamon Press, Oxford, England.

Mathsoft 1997. S_LPLUS 4 Guide to Statistics. Data Analysis
Products Division, Mathsoft. Seattle.

May BM 1963. New Zealand Cave Fauna II-—the limestone
caves between Port Waikato and Piopio districts. Trans.
Roy. Soc. N. Z. (Zoology) 3: 181-204.

Meyer-Rochow VB 1990. The New Zealand Glowworm.
Waitomo Caves Museum Society Inc., Waitomo, New
Zealand. 60 pp.

Meyer-Rochow VB & Eguchi E 1984. Thoughts on the pos-
sible function and origin of bioluminescence in the New
Zealand glowworm Arachnocampa luminosa (Diptera:
Keroplatidae), based on electrophysiological recordings of
spectral responses from the eyes of male adults. N. Z.
Entomol. 8: 111-119.

Meyer-Rochow VB & Liddle AR 1987. Structure and func-
tion of the eyes of two species of opilionid from New
Zealand glow-worm caves (Megalopsalis tumida: Palpa-
tores and Hendea myersi cavernicola: Laniatores). Proc.
Roy. Soc. London 233: 293-319,

Meyer-Rochow VB & Waldvogel H 1979. Visual behaviour
and the structure of dark and light-adapted larval and adult
eyes of the New Zealand glowworm Arachnocampa lu-
minosa (Mycetophilidae: Diptera). J. Insect Physiol. 25:
601-613.

Meyrick E 1886. A luminous insect larva in New Zealand.
Entomol. Mon. Mag. 22: 266-267.

Norris A 1894. Observations on the New Zealand glow-
worm Bolitophila luminosa. Entomol. Mon. Mag. 30:
202-203.

177

Oxenham HE 1985. The biology of the Chironomidae of the
Waitomo Stream. M.Sc. Thesis, University of Waikato,
Hamilton, New Zealand. 64 pp.

Pugsley CW 1980. Ecology of the New Zealand glowworm
Arachnocampa luminosa (Skuse) (Diptera: Mycetophili-
dae) in tourist caves at Waitomo. Ph.D. Thesis, University
of Auckland, Auckland, New Zealand. 123 pp.

1983. Literature review of the New Zealand glow-

worm Arachnocampa luminosa (Diptera: Keroplatidae)

and related cave-dwelling Diptera. N. Z. Entomol. 7(4):

419-424.

1984. Ecology of the New Zealand glowworm, Ar-
achnocampa luminosa (Diptera: Keroplatidae), in the
Glowworm Cave, Waitomo. J. Roy. Soc. N. Z. 14(4): 387—
407.

Richards AM 1960. Observations on the New Zealand glow-
worm Arachnocampa luminosa (Skuse) 1890. Trans. Roy.
Soc. N. Z. 88: 559-574.

Shimomura O, Johnson FH, & Haneda Y 1966. Observa-
tions on the biochemistry of luminescence in the New
Zealand glowworm Arachnocampa luminosa. In: Biolu-
minescence in Progress. Johnson FH & Haneda Y, eds.,
pp. 487-494. Princeton University Press, Princeton, New
Jersey.

Sivinski JM 1982. Prey attraction by luminous larvae of the
fungus gnat Orfelia fultoni. Ecol. Entomol. 7: 443-446.
1998. Phototropism, bioluminescence, and the Dip-

tera. Fla. Entomol. 81: 282-292.

Stringer TAN 1967. The larval behaviour of the New Zealand
glow-worm Arachnocampa luminosa. Tane 13: 107-117.

Stringer IAN & Meyer-Rochow VB 1993. Fishing in the
dark: unusual habits of a Jamaican fly. Jamaican Naturalist
3: 17-18.

1994. Attraction of flying insects to light of different

wavelengths in a Jamaican cave. Mem. Biospeol. 21: 133~

139.

1996. Distribution of flying insects in relation to pre-
dacious web-spinning larvae of Neoditomyia farri (Dip-
tera: Mycetophilidae) in a Jamaican Cave. Ann. Ent. Soc.
Am. 89: 95-129.





