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our  eyes  on a  wondrous s i g h t .  The cavern roof  i s  d o t t e d  

with  thousands of t i n y  l i g h t s ,  each be ing  produced by our  

New Zealand glowworm. 

Our New Zealand glowworm i s  q u i t e  d i f f e r e n t  t o  s o - c a l l e d  

'glowworms' from o t h e r  p a r t s  of t h e  world. These o t h e r s  

a r e  mainly luminous b e e t l e s  which u s e  t h e i r  l i g h t s  on ly  
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focd  a s  wel l  a s  t o  a t t r a c t  a  mate. 
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PHILIDAE o r  ' fungus  g n a t s ' ,  most of which, a s  t h e  name 
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s p i n s ,  'campa' t o  i t s  g n b - l i k e  q u a l i t i e s  and ' l m i n o s a '  

t o  t h e  l i g h t  i t  emits .  Th is  s p e c i e s  i s  found on ly  i n  

New Zealand, b u t  it has  t h r e e  r e l a t i v e s  w i t h i n  t h e  genus 

Arachnocampa from A u s t r a l i a .  Of t h e s e ,  Arachnocampa 

t a s m a n i e n s i s ,  from Tasmania, i s  t h e  c l o s e s t  r e l a t i v e .  

Two c t h e r  s m a l l e r  s p e c i e s  a r e  known from t h e  A u s t r a l i a n  
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Distribution of the genus Arachnocampa [after Kermode ) 

EARLY RECORDS OF THE NEW ZEALAND GLOWWORM 

The f i r s t  r e c o r d  o f  t h e  New Zealand glowworm was by Rev. 

A.G. Purchas  i n  1871. He had c o l l e c t e d  t h e  female f l y  

and l a r v a e  of "one o r  two1' s p e c i e s  of luminous i n s e c t  

from mines on t h e  Thames Goldf ie lds .  

I n  1886, E. Meyrick ot ,served t h a t  t h i s  luminous l a r v a  

appeared t o  be a  p r e d a t o r y  b e e t l e  l a r v a .  He s t a t e d  t h a t  

t h e  l i g h t  came from t h e  back of i t s  neck,  and thought  it 

would be c a r n i v o r o u s ,  f eed ing  on minute i n s e c t s  caught i n  

t h e  s l imy network of  i t s  'web1. Meyrick p o s t u l a t e d  t h a t  

t h i s  b e e t l e  l a r v a  might use  i t s  l i g h t  t o  a t t r a c t  i t s  

food.  

L a t e r  i n  1886,  G.V.  Hudson r e f u t e d  t h e  w r i t i n g s  of  

Meyrick s t a t i n g  t h a t  t h e  l i g h t  came from a  l a r g e  s t i c k y  

knob a t  i t s  p o s t e r i o r  end. Furthermore he thought  t h e r e  

was l i t t l e  doubt t h a t  i t s  food c o n s i s t e d  of decaying 

v e g e t a b l e  m a t t e r  a s  he had never  observed f l i e s  o r  g n a t s  

cap tured  i n  t h e  webs. Hudson a l s o  d i s a g r e e d  wi th  

Meyrick 's  assumed f u n c t i o n  of t h e  l i g h t .  A s  t h e  l i g h t  

was no t  shown r e g u l a r l y ,  he thought  t h e  l a r v a  used it t o  

escape from enemies,  f o r  "when d i s t u r b e d  t h e y  n e a r l y  a l -  

ways gleamed very  b r i l i i a r . t l y  f o r  a  few seconds,  suddecly 

s h u t t i n g  o f f  t h e  l i g h t  a d  r e t r e a t i n g  i n t o  t h e  e a r t h " .  

He was a l s o  q u i t e  conf iden t  t h i s  l a r v a  bore  no r e l a t i o n -  

s h i p  t o  any b e e t l e  f m i l i e s ,  and was i n  f a c t  a  smal l  

' g n a t 1  o r  f l y .  

These e a r l y  o b s e r v a t i o n s  of t h e  glowworm a r e  very  i n -  

t e r e s t i n g  when compared t o  what i s  now known about t h i s  

c r e a t u r e .  Meyrick was q u i t e  wrong about t h e  p o s i t i o n i n g  

of t h e  l i g h t  and about t h e  l a r v a  being from a  b e e t l e  

fami ly .  However h i s  o b s e r v a t i o r s  were c o r r e c t  on t h e  

f e e d i n g  behaviour  (ca rn ivorous)  and func t ion  of  t h e  l i g h t  

(prey a t t r a c t i o n ) .  Hudson, on t h e  o t h e r  hand, was ac- 

c u r a t e  i n  d e s c r i b i n g  t h e  glowworm a s  t h e  l a r v a  of a  % a l l  

f l y  and s t a t i n g  t h e  p o s t e r i o r  p o s i t i o n  of i t s  l i g h t .  He 

was i n c o r r e c t  however, on h i s  o t h e r  s t a t e m e n t s  - t h e  

glowworm i s  no t  v e g e t a r i a r ,  and n o r  i s  i t s  l i g h t  a  means 



of escape. 

I n  1886, Osten-Sacken from Germany, a s s igned  t h i s  i n s e c t  
t o  t h e  family  MYCETOPHILIDAE, but he was unsure  about t o  

which genus it belonged. F.A.A. Skuse (sydney) i n  l890 

named it a s  B o l i t o p h i l a  luc inosa .  The Englishman, 

F.W. Edwards, 1924, no ted  t h a t  some of i t s  c h a r a c t e r s  

were u n l i k e  t h o s e  of t h e  European B o l i t o p h i l a  which f eed  

on t h e  i n t e r i o r  of f u n g i ,  form no web, and pupate i n  t h e  

ground. He cons ide red  t h a t  t h e r e  were s u f f i c i e n t  d i s -  

t i n c t i v e  c h a r a c t e r s  t o  e s t a b l i s h  a  new genus, Arachno- 

cmDa. Sdwards chose t h i s  name because of t h e  s p i d e r  - 
l i k e  n a b i t  of t h e  l a r v a  forming webs a d  us ing  them t o  

ca tch  i n s e c t s  ( s p i d e r s  a r e  s c i e n t i f i c a l l y  r e f e r r e d  t o  a s  

-;:-3;:;::ies) . 

The p r e f e r r e d  h a b i t a t  of t h e  glowworm must inc lude  t h e  

fo l lowing  f i v e  major f a c t o r s :  

1) A hunid atr iosphere t o  prevent t h e  glowworm from drying 

out .  

2)  A s u i t a b l e  hanging s u r f a c e ,  such a s  t h e  c e i l i n g  of a  

cave ,  from which t h e  l a r v a  can suspend i t s  f i s h i n g  l i n e s .  

j) A r e l a t i v e l y  s t i l l  (windless)  environment t o  prevent  

t h e  long  s t i c k y  t h r e a d s  from t a r g l i n g .  

4 )  h adequate supply  of small  f l y i n g  i n s e c t s  f o r  food. 

3) Darkness,  i n  o r d e r  t h a t  t h e  glowworm's l i g h t  shows. 

The combination of t h e s e  f a c t o r s  means t h a t  t h e  glowworm 

g as a  very  s p e c i a l i s e d  environmental requirement .  S u i t -  

a b l e  p l a c e s  e x i s t  i n  f o r e s t s ,  t u n n e l s  and of course  

zaves ,  h a b i t a t s  i n  which t h e  glowworm may be found 

throughout New Zealand. 

-3- 

LIFE CYCLE 

Like  t h a t  of most i n s e c t s ,  t h e  glowwon l i f e  cyc le  h a s  

f o u r  s t a g e s  - egg, l a r v a ,  pupa and f l y  - with t h e  e n t i r e  

c y c l e  t a k i n g  approximately t e n  t o  e leven months. I n  t h e  

Glowworm Cave t h e r e  i s  an under ly ing  annual cyc le  wi th  a  

new genera t ion  s t a r t i n g  i n  l a t e  win te r / sp r ing  (August - 
October)  each yea r .  However t h e r e  i s  cons ide rab le  over- 

l a p  between each s t a g e  of development, wi th  most s t a g e s  

be ing  p resen t  throughout  t h e  yea r .  

Jrumer 1 autumn / winter 1 spring kuj 
Adults 
(eggs) 

Pupae 

1 
J F M A M J  J A S O N D  

! 

Seasonal frequency of stages in the glowworm 
l i fe -  cycle. 

a: 
The glowworm egg i s  s p h e r i c a l ,  0.75 m i l l i m e t r e s  i n  d i a -  

meter.  When f i r s t  depos i t ed  t h e  egg i s  c r e m  i n  c o l o u r ,  

bu t  w i l l  change t o  e i t h e r  l i g h t  brown o r  orange-re6 with- 

i n  a  few hours .  The eggs a r e  s t i c k y  and adhere  t o  t h e  

s u b s t r a t e  - i n  caves  t h e y  a r e  depos i t ed  d i r e c t l y  onto t h e  

wa l l s .  The ' i n c u b a t i o n '  pe r iod  i s  20 t o  24 days. 



Luminescence does  n o t  occur  i n  t h e  glowworm egg. A t  

h a t c h i n g  t h e  l a r v a  s p l i t s  t h e  s k i n  o f  t h e  egg and crawls  

ou t .  

Larva emerging from the egg. (after Richards) 

Larva: 

When newly hatched t h e  l a r v a  o r  worn is  ve ry  smal l  - 
t h r e e  t o  f i v e  m i l l i m e t r e s  long  and 0.33 m i l l i m e t r e s  a- 

c r o s s .  The l a r v a  immed5ately commences t h e  b u i l d i n g  of a  

n e s t  and by l e t t i n g  down s t i c k y  t h r e a d s  and ' swi t ch ing  

on '  i t s  l i g h t ,  i s  a b l e  t o  a t t r a c t  i t s  f i r s t  meal. It i s  

hy2o thes i sed  t h a t  c m n i b a l i s m  i s  q u i t e  i n p o r t a n t  f o r  t h e  

newly hatched glowworm, a s  very  few i n s e c t s  a r e  smal l  

enough f o r  t h e  t i n y  l a r v a  t o  handle .  Other young l a r v a e  

would be  one of t h e  few food sources  of s i m i l a r  s i z e .  

The l a r v a  grows ove r  a  pe r iod  of s e v e r a l  months, t o  r each  

a l e n g t h  o f  30 t o  40 m i l l i m e t r e s .  It i s  n o t  n e c e s s a r i l y  

conf ined  t o  i t s  n e s t  be ing a b l e  t o  move 20 t o  30 c e n t i -  

me t res ,  and i f  g r e a t l y  d i s t u r b e d  may move s e v e r a l  metres .  

Movement i s  by waves of muscle c o n t r a c t i o n s  pass ing  a long  

i t s  body - l i k e  t h e  movement of an earthworm. 

The only  p a r t  of t h e  l a r v a  t h a t  i s  ha rd  i s  t h e  head cap- 

s u l e ,  much l i k e  a  ' c r a s h  h e l m e t ' .  A s  t h e  l a r v a  grows i t s  

' h e l m e t '  becomes t o o  small  and h a s  t o  be r e p l a c e d  by 

moul t ing .  During t o t a l  l a r v a l  development t h e r e  a r e  f o u r  

moul t s ,  wi th  each l a r v a  s t a g e  be ing  r e f e r r e d  t o  a s  an 

' i n s t a r '  - f i r s t  i n s t a r  (newly ha tched)  t o  f i f t h  i n s t a r  

( l a s t  s t a g e  b e f o r e  pupa t ion ) .  La rva l  development i n  

t o t a l  t a k e s  e i g h t  t o  n ine  months, bu t  wi th  cons ide rab le  

i n d i v i d u a l  v a r i a t i o n .  The t r i g g e r i n g  f a c t o r  i s  body 

weight o r  s i z e  and t h i s  de2ends on t h e  a v a i l a b i l i t y  of 

food ;  an extreme exanple being a  glowworm i n  Ruakuri n e a r  

t h e  r o c k f a l l  which i s  about 18 months o ld .  The ' a n n u a l '  

c y c l e  s t a r t s  i n  l a t e  w i n t e r / s p r i n g ,  so  a  p l e n t i f u l  supply  

of food f o r  t h e  l a r v a e  dur ing  t h i s  p e r i o d  may cause e a r l y  

pupa t ion  and a d u l t  emergence b e f o r e  t h e  fo l lowing  s p r i n g .  

The l a r v a  i s  t h e  only  s t a g e  of t h e  l i f e  c y c l e  t h a t  f eeds .  

The pupa i s  a  t r a n s i t o r y  s t a g e ,  and t h e  a d u l t  h a s  no 

mouth. This  i s  why t h e  l a r v a l  s t a g e  i s  so long  r e l a t i v e  

t o  t h e  o t h e r s .  The l a r v a  h a s  t o  s t o r e  enough food r e -  

s e r v e  t o  ' f e e d '  t h e  pupa, t h e  a d u l t ,  and i f  a  female ,  t h e  

eggs of t h e  next  gene ra t ion .  

Glowworm larva removed f mm its nest (after Richards 

PUD a  : 

Before  pupat ion t h e  l a r v a  s h r i n k s  and becomes opaque. It 

removes some of i t s  f i s h i n g  l i n e s  l e a v i n g  an e n c i r c l i n g  

b a r r i e r  of s h o r t e r  condensed l i n e s .  Th i s  may a c t  a s  a  

p r o t e c t i v e  s h i e l d  t o  t h e  pupa wi th  t h e  c l e a r  space pre-  

v e n t i n g  t h e  f l y  becoming en tang l sd  a f t e r  it m e r g e s .  The 

l a r v a  suspends i t s e l f  v e r t i c a l l y  by a  long  t h r e a d ,  i n  

t h i s  c i r c l e  of l i n e s ,  t o  pupate .  The suspensory co rd ,  

formed from t h e  l a r v a l  n e s t  and i t s  suppor t s ,  e n e n d s  

from t h e  c e i l i n g  t o  a  r eg ion  of t h e  tho rax .  

Sexual  d i f f e r e n t i a t i o n  f i r s t  becomes ev iden t  i n  t h e  pupal  

s t a g e .  The female i s  l a r g e r  and s t o u t e r  than t h e  male,  

and i t  possesses  txo  prominent p a p i l l a e  a t  t h e  end of i t s  

abdomen, which a l though p resen t  i n  t h e  male,  a r e  sma l l e r .  

The female pupae range from 15 t o  18 m i l l i m e t r e s  i n  

l e n g t h  and t h e  males from 12 t o  14 m i l l i m e t r e s .  



Both t h e  male and female 

pupae a r e  luminescent ,  

a l though t h e  l i g h t  i s  i n -  

t e r m i t t a n t .  Luminoscity 

i n  t h e  male pupa s t o p s  

dur ing  t h e  l a s t  two o r  

t h r e e  days b e f o r e  emerg- 

ence of t h e  a d u l t .  I n  

c o n t r a s t ,  luminescence i n  

t h e  female  becomes more 

n o t i c e a b l e  i n  t h e  l a t t e r  

s t a g e s  of i t s  development 

( a  dev ice  t o  a t t r a c t  male 

glowworm f l i e s ) .  

Two o r  t h r e e  days  b e f o r e  

I emerging, eggs become 
v i s i b l e  through t h e  

lowworm pupa (of ter Kermde) t r a n s p a r e n t  pupal s k i n  of 

t h e  female. 

u s a  development t a k e s  between I 2  a d  13 days.  

du l  t : 
5 e  a d u l t  f l y  may emerge from t h e  pupa a t  any time of t h e  

a y ,  c o m i ~ g  head f i r s t ,  p u l l i n g  i t s  wings and l e g s  a f t e r  

t .  The f l y  ' escapes '  from i t s  pupa case  by n u s c u l a r  

o n t r a c t i o n  and expansion of t h e  body, and wriggl ing of 

h e  l e g s .  A f t e r  emergence, which may t a k e  up t o  an hour  

r nore ,  t h e  f l y  hangs head down from t h e  pupal case  un- 

il dry ,  then  t u r n s  up t h e  o t h e r  way mtil i t s  wings a r e  

t r o n g  enough f o r  it t o  f l y .  

hs sexes  a r e  q u i t e  d i s t i n c t ,  t h e  f e m a l e ' s  body being en- 

s rged  by eggs which a r e  v i s i b l e  through t h e  body w a l l ,  

r ~ d  t h e  m a l e ' s  body much smal le r  and narrower.  Both 

l i e s  a r e  s l u g g i s h  i n  f l i g h t  and move only  s h o r t  d i s -  

ences ,  one t o  two metres  a t  a t ime ,  wi th  t h e  male be ing  

I I P  more a c t i v e  of t h e  two. I n  f l i g h t  t h e y  make a  buzz- 

ng no l se .  When a t  r e s t  t h e i r  wings a r e  fo lded  over t h e  

t h o r a x  and abdomen. Both 

sexes  a r e  a l s o  i n t e r -  

m i t t a n t l y  luminescent ,  

wi th  t h e  female l i g h t  be- 

ir-g r a t h e r  l a r g e r  and 

b r i g h t e r  than  t h a t  of t h e  

male,  again  a  reproduc- 

t i v e  f a c t o r .  The eye of 

t h e  glowworm f l y  i s  very  

well  developed t a k i n g  up 

90 % of t h e  head. They 

a r e  t h u s  very  s e n s i t i v e  

t o  t h e  l i g h t s  around 

them. 

Below i s  a  t a b l e  t h a t  

shows t h e  s i z e  d i f f e r -  

ences  between t h e  male 

and female . The male i s  

smal le r  i n  both  b o d j  

l eng th  and wing l e n g t h .  

It a l s o  compares t h e  bush 

glowworm with t h e  cave 

glowworm, showing t h a t  Adult fly emerging the 
a d u l t s  i n  t h e  former a r e  pupal case (after Richards ) 

some 20 % smal ler .  

The a d u l t  f l i e s  have two purposes t o  t h e i r  l i f e .  F i r s t l y  

r ep roduc t ion  and t h e  con t inua t ion  of t h e  spec ies .  A 

second f u n c t i o n  i s  d i s p e r s a l  of t h e  s p e c i e s ;  t h e  a d u l t s  

being t h e  only s t a g e  t h a t  can move e a s i l y  over a s i g n i f -  

i c a n t  d i s t a n c e .  

Bodylength 

Wing length 

A 

MALE 

millimetres 

Bush 

9-1 

6 -  7 

FEMALE 

Cave 

1 2 - 1 5  

7 - 8-5 

Bush 

10-13 

7-5-9 

Cave 

13-16 

9-12 



Adult glowworm flles: a) male f l y ,  b )  female f l y  
(after Richards ) 

Mating : 

During t h e  l a t t e r  s t a g e  of i t s  development, t h e  female 

pupa i s  l m i n e s c e n t ,  a  device  t o  a t t r a c t  a  mate. Khen 

g e n t l y  rocked,  a s  when a  male f l y  a l i g h t s  on h e r ,  she 

' l i g h t s  u p '  ( t h i s  a c t i o n  can a l s o  be  brought about by 

' t i c k l i n g '  t h e  two p a p i l l a e  at t h e  end of h e r  body). It- 

i s  no t  uncommon t o  s e e  one o r  more male f l i e s  ' s i t t i n g '  

on t h e  female pupa wai t ing  f o r  t h e  f l y  t o  emerge. 

Mating u s u a l l y  t s k e s  p l a c e  a s  soon a s  t h e  female emerges. 

However i t  may be delayed f o r  s e v e r a l  hours i f  t h e r e  i s  

no male f l y  immediately a v a i l a b l e ,  i n  which case  t h e  fe-  

male w i l l  cont inue  t o  glow. With t h e  female l i g h t  be ing 

l a r g e r  and b r i g h t e r ,  it i s  p o s s i b l e  f o r  t h e  f l i e s  t o  d i s -  

t i n g u i s h  between t h e  sexes  while i n  f l i g h t .  It i s  

thought t h a t  t a c t i l e  ( touch)  and o l f a c t o r y  ( sme l l )  Organs 

may a l s o  be involved i n  t h i s  a t t r a c t i o n  of t h e  opposi te  
sex. 

When more than  one male 

i s  wa i t ing  f o r  t h e  female 

t o  emerge from t h e  pupa, 

each a-ctempts t o  f  e r t i -  

l i s e  h e r  t h e  moment t h e  

t i p  of h e r  abdomen i s  

f r e e .  The s u c c e s s f u l  

male has  t o  f i g h t  o f f  t h e  

a t t empts  of t h e  o t h e r s .  

Af t  e r  mating t h e  female 

l a y s  he r  eggs. She has  a  

s h o r t  l i f e  span,  from 

l e s s  than one day up t o  

t h r e e  days. On t h e  o t h e r  

hand t h e  male u s u a l l y  

l i v e s  f o r  up t o  f o u r  days 

being capable of f e r t i -  

l i s i n g  more t h a n  one fe-  

male. 

Male and female flies mating 
latter Richards 1 

Oviposi t ion:  

Immediately o r  s l lo r t ly  a f t e r  f e r t i l i s a t i o n ,  t h e  female 

l a y s  h e r  eggs.  When about t o  l a y  an egg,  she f e e l s  f o r  a  

su i t ab le ' . spo t  on t h e  subst ra tum with t h e  t i p  of h e r  abdo- 

men. She then  b r i n g s  h e r  abdomen under h e r  body followed 

by v i o l e n t  c o n t r a c t i o n s  and f l e x i n g  movements of h e r  

body. Her abdomen i s  t h e n  brought back t o  a  normal 

p o s i t i o n ,  and t h e  t i p  g e n t l y  touches  t h e  subst ra tum t o  

d e p o s i t  an egg. Each egg i s  depos i t ed  s i n g l y .  Egg l ay -  

i n g  i s  e i t h e r  cont inuous  o r  sporadic  over  a  pe r iod  of 

from one t o  24 hours  u n t i l  a l l  eggs (on average 130) a r e  

l a i d .  The eggs a r e  found i n  clumps of 40 t o  50, u s u a l l y  

on t h e  f r i n g e  of ar. e x i s t i n g  colony. The female u s u a l l y  

d i e s  immediately a f t  erwards. 



TIX NEST AND FISHMG LINES 

The glowworm l a r v a  b u i l d s  a  ho l low ,  t u b u l a r  n e s t  of  s i l k  

and mucus which it suspends  from t h e  cave c e i l i n g  by f i n e  

s i l k  t h r e a d s .  The s i l k  and mucus i s  exuded from g l a n d s  

i n  t h e  l a r v a ' s  mouth. 

The l a r v a  l i f t s  t h e  f r o n t  p a r t  of  i ~ s  body i n t o  tbJe a i r  

t o  s e a r c h  f o r  a  s u i t a b l e  n e s t  s i t e .  It w i l l  bend forward  

w i t h  a  sudden d a r t i n g  movement, and t h e n  g e n t l y ,  bu t  de- 

l i b e r a t e l y ,  d e p o s i t  a  d rop  of s i l k  on to  t h e  r o c k ,  forming 

a  f i n e  t h r e a d  t h a t  w l l l  a c t  a s  a  b r a c e .  T h i s  p r o c e s s  i s  

r e p e a t e d ,  w i th  t:ie l a r v a  movlng fo rward  i n t o  t h e  drop- 

l e t s ,  until mucus a~c s i l k  have pas sed  down t h e  whole 

l e n g t h  of  t h e  body and t h e  n e s t  i s  c o z p l e t e  and hol low.  

The t u b e  o r  n e s t  a p p e a r s  a s  t h e  l a r v a  moves forward  with-  

i n  i t ,  and i s  l e f t  behlnd  r a t h e r  l i k e  a  s ~ a i l ' s  t r a i l .  

The x e s t  i s  a p p r o x i n a t e l y  2 .5  t i m e s  t h e  l e n g t h  of t h e  

l a r v a ,  t h a t  i s  abou t  t e n  c e r - t i n e t r e s .  The n e s t  i s  v e r y  

p l a s t i c  enab l ing  t h e  l a r v a  t o  move e a s l l ~ .  It cannot  

however, move backwards a s  i t  h a s  sma l l  b r i s t l e s  on i t s  

body t h a t  ' z a t c h '  on t h e  n e s t .  To overcome t h i s ,  t h e  

l a r v a  f o l d s  back on i t s e l f  and moves i n  t h e  o p p o s i t e  d i -  

r e c t i o n .  When a t  r e s t  t h e  l a r v a  l i e s  on i t s  upper  s i d e ,  

t h a t  i s  on i t s  ' b a c k ' .  

From t h i s  n e s t  t h e  l a r v a  l e t s  d0.m up t o  70 s t r i n g s  o f  

s t i c k y  d r o p l e t s .  These a r e  t h e  ' f i s h i n g  l i n e s '  , comiosed 

o f  a  l o n g  t h r e a d  of  s i l k  w i th  a  s e r i e s  of  d r o p l e t s  

a r r a n g e d  a t  r e g u l a r  ~ n t e r v a l s .  These d r o p l e t s  va ry  i n  

s i z e ,  bu t  t h e  ave rage  i s  one m i l l i m e t r e  i n  d i ame te r  and 

1.5 m i l l i m e t r e s  i n  l e n g t h .  The l e n g t h  of each  i n d i v i d u a l  

f i s h l n g  l i n e  v a r i e s  a l s o  - wi th  ex t remes  from one c e n t i -  

met re  t o  30 c e n t i m e t r e s ,  bu t  u s u a l l y  around 15 c e n t i -  

me t r e s .  These l o n g  l i n e s  show t h e  g r e a t  t e n s i l e  s t r e n g t h  

of  t h i s  s i l k .  The f i s h i n g  l i n e s  r e q u l r e  a  l a c k  of  a i r  

c u r r e n t s  t o  b e  e f f e c t i v e ,  o t l le rwise  t h e y  would t a n g l e  and 

break .  

To form r h e s e  f i s h i n g  l i n e s ,  muscle c o n t r a c t i o n s  c a u s e  

t h e  head t o  move backwards and fo rwards  t h r e e  t i m e s ,  

d u r i n g  whic' mucus can be  s e e n  t o  accumula te  around t h e  

head.  With t h e  l a s t  c o n t r a c t i o n ,  t h e  head i s  drawn 

s l i g h t l y  w i t h i n  t h e  body c a u s i n g  t h e  d r o p l e t  t o  appea r .  

The l a r v a  r o c k s  i t s  head up  and down f i v e  t i m e s  w h i l e  

o 3 e n i n ~  and s k ~ t t i n g  i t s  jaws, d u r i n g  which t h e  d r o p l e t  

i s  l o w e r e i  on i t s  ~ L r e a d .  

I n e a t  can be b u i l t  i n  a s  s h o r t  a t i m e  a s  t e n  minutes .  

One l a r v a  ti;t ?ad i t s  n e s t  d e s t r o y e d  was observed  t o  

c rawl  a long  t h e  w a l l  t o  m o t n e r  s p o t  a s h o r t  d i s t a n c e  a- 

way. Within 2@ m i n u t e s  <t had b u i l t  a new n e s t  and l e t  

down two f l s h l n g  l i n e s ,  eack t h r e e  c e n t i ~ e t r e s  i n  l e n g t h .  

The fo rma t ion  of  f i s h i n g  l i n e s  i s  a  cont inuous  p r o c e s s  

w i th  t h e  l a r v a  moving a long  i t s  n e s t ,  g r a c i ~ a l l 3  i n c r e a s -  

i n g  t h e  l e n g t h  of  each f i s h i n g  l i n e ,  and a l s o  r e p a i r i n g  

t h o s e  t h a t  a r e  damaged. 

Glowworm larva in i ts  nest 
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FORMATION OF THE FlSHlNG LINE 

a Gloworm hangs front third of 
body down out of nest.  

b 1 Three contractive waves pass 
along front half of body. 

c )  Mucus accumulates around 
head of glowworm. 

d )  Head is  sl ightly withdrawn 
and droplet forms . 

e 1 Head moves up and down while 
droplet is lowered on a thread. 

(after Stringer and Kermode 1 
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FEEDING BEHAVIOUR 

The l a r v a  i s  t h e  only  s t a g e  i n  t h e  l i f e  cyc le  of t h e  

glowworm t h a t  e a t s .  It uses  i t s  l i g h t  t o  a t t r a c t  p r e y  

( i n s e c t s )  towards t h e  s t i c k y  f i s h i n g  l i n e s ,  i n  which t h e y  

become ensnared. The glowworm i s  no t  s e l e c t i v e  i n  what 

i t  feeds  upon, e a t i n g  anything t h a t  g e t s  caught i n  i t s  

l i n e s .  I n  t h e  Waitomo Glowworm Cave t h e  main food i s  t h e  

midge Anatopynia d e b i l i s  which breeds  i n  t h e  r i v e r  mud. 

However o the r  midge s p e c i e s ,  mosquitoes,  c a d d i s - f l i e s ,  

s t o n e - f l i e s  and o t h e r  i n s e c t s  a l s o  form p a r t  of t h e  d i e t .  

I n  soEe c i rcumstances  glowworms have been seen t o  e a t  

smal l  s n a i l s  and m i l l i p e d e s  t h a t  ge t  caught i n  t h e  n e s t .  

S t u d i e s  of t h e  glowworm anatomy show t h a t  t h e  two p a p i l -  

l a e  a t  t h e  end of i t s  body con ta in  s p e c i a l  sense  o rgans  

t h a t  a r e  designed t o  d e t e c t  v i b r a t i o n s .  They c o n s i s t  of 

an arraagement l i k e  an e l a s t i c  t h r e a d  on which a r e  wrap- 

ped sense c e l l s .  With t h e s e  s p e c i a l  organs,  t h e  glowworm 

i s  a b l e  t o  r e g i s t e r  t h e  s t r u g g l e s  of an i n s e c t  t r apped  i n  

i t s  f i s h i n g  l i n e s .  

When t h e  l a r v a  senses  a  ' c a t c h ' ,  i t  crawls  down t h e  

appropr i a t e  l i n e  u n t i l  only i t s  p o s t e r i o r  h a l f  i s  l e f t  i n  

t h e  n e s t .  Waves of c o n t r a c t i o n s  t r a v e l l i n g  a long i t s  
body allow t h e  l a r v a  t o  hau l  up t h e  l i n e .  This  i s  done 

by t h e  l a r v a  r each ing  down and holding t h e  l i n e  i n  , i t s  
jaws. A wave of c o n t r a c t i o n  r a i s e s  t h e  hanging p a r t  o f  

i t s  body along with t h e  f i s h i n g  l i n e .  The l i n e  i s  t h e n  

h e l d  by b r i s t l e s  on i t s  body, while t h e  l a r v a  s t r e t c h e s  

down t h e  next two o r  t h r e e  d r o p l e t s .  This  p rocess  i s  r e -  

pea ted  with t h e  complete cyc le  t a k i n g  l i t t l e  more t h a n  a  

second. Large l a r v a e  can hau l  up a  l i n e  a t  an average  

r a t e  of two m i l l i m e t r e s  p e r  secocd. 

The animal u s u a l l y  ceases  s t r u g g l i n g  soon a f t e r  it i s  

caught i n  t h e  l i n e  a l though i t  i s  n o t  dead. Th i s  i s  be- 

l i e v e d  t o  be due t o  a c i d  i n  t h e  mucus of t h e  l i n e s  a c t -  

u a l l y  pa ra lys ing  t h e  captured prey.  Th i s  would be v e r y  

advantageous a s  t h e  l e s s  t h e  i n s e c t  s t r u g g l e s ,  t h e  l e s s  
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CAPTURE OF PREY 

a )  Prey attracted by light of glowworm. 

b )  Prey becomes entangled in  line. Glowworm detects 
struggling prey's V I  bra t ions. 

c l  Glowworm sl ides partly out of nest and down line. 

d )  Glowworm contracts body to l i f t  l ine and prey. 

e )  Glowworm arches down next 2 o r  3 droplets and 
repeats the l i f t ing  process. 

(a f ter  Stringer and Kermode 1 



t ang led  t h e  l i n e s  w i l l  become. When t h e  prey i s  hauled 

up i t  Is b i t t e n  whereupon i t  d i e s .  The glowworm l a r v a  

sucks out  t h e  j u i c e s ,  and i f  prey  i s  l e s s  p l e n t i f u l  it 

e a t s  t h e  whole i n s e c t .  When t h e  glowworm i s  hungry i t  

w i l l  glow more b r i g h t l y .  

Cannibalism i s  a  f a i r l y  common occurrence ,  with l a r v a e  

e a t i n g  o t h e r  glowworm l a r v a e ,  pupae, and a d u l t  f l i e s .  

Larvae have been observed t o  f i g h t ,  e s p e c i a l l y  when t h e i r  

n e s t s  a r e  t o o  c l o s e  t o g e t h e r ,  with t h e  v i c t o r  e a t i n g  i t s  

o p ~ o n e n t .  When e a t i n g  a  pupa, t h e  preying l a r v a  cl imbs 

down t h e  suspended rjupa t o  suck out i t s  j u i c e s .  Oc- 

c a s i o n a l l y  a d u l t  f l i e s  a r e  caught i n  t k e  l a r v a l  l i n e s  and 

ea ten .  

To keep t h e  f i s h i n g  l i n e s  c l ean  end i n  good r e p a i r ,  t h e  

l a r v a  removes t h e  remains of i t s  meals from t h e  web. 

These remains a r e  contairled i n  a a r o p l e t  which i s  lowered 

on a  th read  u r . t i l  it e i t h e r  breaks  o r  i s  dropped. Sim- 

i l a r l y ,  t h e  l a r v a  c e f a e c a t e s  by lowering t h e  p o s t e r i o r  

h a l f  of i t s  body down a  f i s h i n g  l i n e  t o  r a k e  a  l a r g e  

' e x c r e t o r y '  d r o p l e t  (on t h e  l i n e )  wnich i s  a l s o  lowered 

mi dropped. 

The l i g h t  organ i s  formed f ro r .  t h e  swollen t i p s  of f o u r  

exc re to ry  tubes  (malpnigean t u b u l e s ) .  This  l i g h t  organ 

l i e s  within a  l a y e r  of r e s p i r a t o r y  t i s s u e  which a c t s  a s  a  

r e f l e c t o r ,  d i r e c t i n g  t h e  l i g h t  jownwaras. The r e s p i r -  

a t o r y  t i s s u e  i s  c o ~ p o s e d  of a  network of f i n e  tubes  

( t r a c h e a l  t u b u l e s )  wk.ich supply oxygen t o  t h e  i n s e c t s  i n -  

t e r n a l  o r g m s  ( t h e  same func t ion  a s  our l u n g s ) .  The 

l a r g e  n m k e r  cf  t h z s e  t r a c h e a l  tubes  evident on t h e  l i g h t  

organ show t h a t  i t  i s  p ro fuse ly  suppl ied  with oxygen. 

The chemical r e a c t i o n  producing t n i s  l i g h t  invo lves  

s e v e r a l  components: 

1) Luc i fe r in  - a  waste-product formed i n  t h e  d i g e s t i v e  

system of t h e  glowworm. 

2) Luc i fe rase  - t h e  en- 

zyme t h a t  a c t s  upon l u c i -  

f e r i n .  A n  enzyme i s  a  

b i o l o g i c a l  c a t a l y s t  t h a t  

i s  needed f o r  t h e  reac-  

t i o n ,  but  i s  not i t s e l f  

a l t e r e d .  

3) The energy f o r  t h e  

l i g h t  comes from ATP (Ad- 

enosine t r i p h c s p h a t e ) ,  

which i s  a  very  impor tant  

b i o l o g i c a l  energy source .  

4) Also r equ i red  f o r  t h i s  

r e a c t i o n  i s  oxygen, which 

i s  t h e  reason t h e r e  i s  

such an ex tens ive  system 

of r e s p i r a t o r y  tubes .  

I n  t h e  r e a c t i o n ,  t h e n ,  

l u c i f e r a s e  ( t h e  e n z p e )  

a c t s  upon l u r . i f  e r i n  t o  

Anatomy of the glowworm larva forii! an ' e l e c t r o n i c a l l y  
(after Kermode 1 exc i t ed '  product which 

us ing  t l ~ e  energy from 

ATP, emits l i g h t .  

Luciferin + Lucifeme + A T P  + o x y p n  

'excited product' + Luciferase 

LlGH T 
This  same system of l i g h t  i s  used by e l l  o t h e r  lumi- 

nescent  organisms. Each organlsm hoxever has  i t s  own 

kind of l u c l f e r l n  and l u c i f e r a s e  ( t h e y  d i f f e r  s l i g h t l y  i n  

t h e i r  chemical mike-up), but  a l l  g ive  $1,:- :,me h i m  0.C 



l i g h t  product ion.  It i s  o f t e n  termed ' n a t u r e s  cold 

l i g h t '  as  very  l i t t l e  of t h e  energy en te r ing  t h e  system 

i s  l o s t  a s  hea t  (conpare with an e l e c t r i c  light bulb 

which g e t s  very h c t ) .  This k. iologiczl  p r o d ~ c t i o r .  of 

l i g h t  i s  pernaps t h e  mcct e f f i c i e n t  energx-em] sziori 

systerr! kr~own. 

The l i g h t  of t h e  gloxhcrm i s  a  b lue -g ree r  c o l o u r ,  a t  a  

wavelecgth of 487 n m o a e t r t s  (m)).  

Wavelength 

gamma rays 

( nanome tres) 

U.V. 

0 , \ 

., 
0 visible light ' . 

/ \ 

0.001 100 i ; 10 000 

. 
I- 1- 1 blue j ' green )sllow orange red 1 

~ lowwor rn  
light 

Comparison of the glowworm light with other parts of the 
light spec1 rum. 

I NOTE: 1 nm = I O - ~  m = 0.000000001 m 
U.V. = ultra violet 1 

The g l o w ~ c m  c a !  shSrle it.s l i g k t  co~:t inucusl:?,  but a s  

r:oteU by e a 1 . 1 ~  observers  iar, extingulsi-l i t  q u l t e  sudder .1~ 

o r  more s l o u i j . .  It wa: = a r > i e r  h y p c t h e s i s ~ d  t h z t  t h e  

sudden qtiinc,.hing i ias due t o  t h e  gloh~,orm r e t r a c t i n g  i t s  

l i g h t  withj11 a s l l iz id  ins ide  i t s  abdomer,. This  i s  r-ow 

d ~ s p ~ t e d .  Yi,e suadsl; dousillg ueirig sxp l s ined  a s  t k - e  l a r -  

va r ap id ly  r e t r r a ~ i r ~ g  i n t o  a ' h ide -oa t '  i r ~  t h e  s u t s t r a t e .  

The slijwir quericnirlg c,f Eite l i g h t  ( i n  about a  a i n u t e )  i s  

thought t o  be due t o  an a b i l i t y  t o  r e s t r i c t  t h e  oyygen 

f low o r  o t h e r  chemicals t o  t h e  l i g h t  producing organ. 

The glowworm douses  i t s  l i g h t  wher, t h e  l i g h t  l e v e l  a- 

rour:d it i s  too h i g h ,  o r  when i t  d e t e c t s  seve re  v ibra-  

t i o n s  due t o  e s p e c i a l l y  loud ,  prolozged o r  unusual n o i s e s  

(The gloxworms of Te Anau l i v e  i n  a  very  no i sy  cave).  

Glowworms have a  two-fold FuI.pose f o r  t h e i r  l i g h t .  They 

use  i t  t o  a t t r a c t  i n s e c t  p rey ,  which become e r t a g l e d  i n  

t h e  s t i c k y  l i n e s .  The female pupae and a d u l t s  use  t h e i r  

l i g h t s  t o  a t t r a c t  t h e  oppcs i t e  sex  f o r  mating. I n  t h e  

da.rk.zess of t n e  cave t h i s  i s  a very  p r a c t i c a l  a t t r a c t a n t  

systeE. (The l i g h t s  of t h e  male pupae and a d u l t s  seem t o  

have L O  p r a c t i c a l  fur.ct ion arid magi j u s t  be  r e l i c  g e r e t i c  

o r  l a r v a l  c h a r a c t e r i s t i c s . )  

There a r e  both b i o l o g i c a l  md phgs ica l  f a c t o r s  c o r t r o l -  

l i n g  t h e  s i z e  of t h e  g io~worm p o p u l a t i o ~ .  Thsse bio- 

l o g i c a l  f a c t o r s  r e l a t f .  t o  o t h e r  o rga i sns  o r  in t e rac . t ions  

between glowworms. Phj-s ica l  f a c t o r s  a r e  those  of t h e  erA- 

vironment . 
Biological  F a c t o r s  - 
P r e d a t o r s :  -- 
I n s i d e  caves ,  t h e  gloxworm i s  f a i r l y  s a f s  from preda to r s .  

However,, t h e r e  a r e  two s p e c i e s  cf  harvestman t h a t  have 

been okserved t o  a t t a c k  glowworms. Hecdea myersi cavern- 

i c o l a  i s  a  sma l l ,  orange harvestmar, t h a t  i s  a  permZent -- 
cave dwe l l e r .  I t  p r e y s  on t h e  eggs a d  3oung l a r v a e  of 

t h e  glowworm. i l ega lopsa l i s  t w m  i s  a  l a r g e r  hervestman 

with very  long l e g s .  It d i f f e r s  from Bendea j.n be ing a  

cave v i s i t o r ,  e n t e r i n g  onlp i n  search of food o r  s h e l t e r .  

Being b i g g e r ,  E e ~ ~ l o p s a l i s  prege on t h e  l a r v a e ,  pupae and 

a d u l t s .  

P a r a s i t e s :  

A common p a r a s i t e  i n  t h e  Glowworm Cave a d  o t h e r  caves i s  



a  furigus - Tolpoc iad ium sp .  Th i s  fungus has  beer: cb- 

served i n  both  l a r v a l  and pupal s t a g e s  of t h e  glowworm. 

The fungus e n t e r s  through t h e  s k i n  and t h e  g g t  of i t s  

hos t .  A glowworm l a r v a  crr pupa i n f e c t e d  with fungus 

t a k e s  on a  pink co lour  i n  t h e  l a t t e r  s t a g e s  t e f o r e  i t s  

death .  Once t h e  hos t  d i e s ,  t h e  fungus sp reads  thrcughout  

a l l  t h e  body feeding on t h e  dead t i s s u e s .  It c m  then  be 

seen a s  a  white f l u f f y  cy l inde r  h a ~ g i n g  i n  t h e  cave (fun- 

g a l  cadaver).  

The r a t e  of fungal  Lnfect ion i s  very  low, a s  d i s p e r s a l  cf  
t h e  fungal  spores  r e q u i r e s  a i r  c u r r e n t s  which a r e  normal- 

l y  a t  a  minimum i n  t h e  cave environment. However, t h e  

t e ~ p e r a t u r e s  r e ~ c h e d  i n  t h e  Glowworm Cave a r e  wi th in  t h e  

optimal range f o r  growth of T o l ~ o c l a d i u m  (15 - 2 5 O C )  so 
i n f e c t i o n  can occur e a s i l y .  

I n  1692, Hudson publ ished a  pape r ,  desc r ib ing  a  'wasp'  

t h a t  was p a r a s i t i c  on t h e  giowworn. Severa l  pupae were 

c o l l e c t e d  from t h e  Wellington Botanical  G a r d e ~ s ,  "whick 

from t h e i r  s h r i v e l l e d  cond i t ion ,  appeared t o  have been 

k i l l e d  by a  p a r a s i t i c  i n s e c t " .  When t h e  a d u l t  i n s e c t s  

emerged from t h e s e ,  they were desc r ibed  and named a s  

Ee ty la  fu lva .  There i s  only t h i s  one r ecord  of i n s e c t  

p a r a s i t i s m ,  but L i t t l e  work has  been done i n  t h i s  a r e a  so  

i t s  s i g n i f i c a c e  cannot be gauged 

I n t e r a c t i o n  3etween Glowworms: 

Most spec ies  of ar imai  have n a t u r a l  popula t ion r e p l a t i n g  

' d e v i c e s ' .  Often t h i s  i s  doze by c o n t r o l l i n g  t h e  s p a t i a l  

d i s t r i b u t i o n  of i n d i v i d u a l s  t o  ensure  t h a t  each h a s  a  

s u f f i c i e n t  food supply. Tn glowworm po l lu la t ions  it h a s  

been observe2 t h a t  when i n d i v i d u a l s  g e t  too  c l o s e  one may 

a t t i c k  t h e  o t h e r  - a  c o n f l i c t  o f t e n  r e s u l t i n g  i n  c a n i -  

ba l ism.  Thus d i r e c t  competi t ion between glowworms f o r  

space must a l s o  r e g u l a t e  t h e i r  popula t ion.  

Food S u ~ ~ l y :  

Food shor tage  does con t ro l  popula t ion s i z e ,  bu t  t h i s  

t e n d s  t o  be a  seasonal  phenomenon - dur ing t h e  win te r  

t h e r e  a r e  fewer f l y i n g  i n s e c t s .  However, i t  has  a l s o  

been found t h a t  t h e  glowworm l a r v a  i s  a b l e  t o  s u r v i v e  

long  pe r iods  ( s e v e r a l  months) without food. 

Phvsi  c a l  F a c t o r s  

Env i roment  : 

One component i s  f lood ing .  Because of t h e  need t o  be 

c l o s e  t o  t h e  food supyly (gene ra l ly  emergent a q ~ a t i c  i n -  

s e c t s )  and p h y s i c a l  f a c t o r s  ( s e e  below) glowworms c f t e n  

l i v e  i n  a r e a s  prone t o  f looding.  A f t e r  heavy r a i n  t h e  
water  i n  t h e  Glowworm Grot to  can r i s e  two u e t r e s  i n  f o u r  

hours ,  caus ing t h e  glowworms t o  be washed away. Most 

glowworms a r e  s i t u a t e d  high enough i n  t h e  Gro t to  roof  t o  

escape r i s i n g  w a t e r s  and on occas ions  t h o s e  lower donn 

have been observed t o  su rv ive  s e v e r a l  hours submergence. 

However, a  major f l o o d  w i l l  reduce popu la t ion  numbers i n  

caves cons ide rab ly .  3 e s p i t e  t h i s  t h e r e  i s  a l s o  a  good 

s i d e  t o  f100as.  Tneg b r ing  i n t o  t h e  cave f r e s h  s i l t  a d  

o r g m i c  m a t t e r  - a  s u i t a b l e  h i b i t a t  f o r  t h e  i n s e c t s  t h a t  

make up t h e  glowworns d i e t .  

Temperature and Ziut id i ty :  

Temperature i s  no t  a  c r u c l a l  element i n  t h e  d i s t r i b u t i o n  

of t h e  glowworm. They can be found l i v i n g  over  t h e  whole 

range of t empera tu res  recorded i n  t h e  C-lowworm Caves. 

A more impor tant  p h y s i c a l  f a c t o r  i s  r e l a t i v e  humidity.  

A s  t h e  glowworm i s  ve ry  prone t o  d e s i c c a t i o n ,  it r e q u i r e s  
a  very  humid atmosphere. I n  t h e  Gro t to ,  r e l a t i v e  humid- 

i t y  ranges  from 94 t o  99 ?;. It i s  thoug5t t h a t  t h e  t o l -  

e rance  ' range of t h e  glowworm i s  above 90 %. 

The importance of t h e  ind iv idua l  e f f e c t s  of t h e  above 

components i s  h a r d  t o  gauge due t o  t h e  d i f f i c u l t y  i n  

a s s i g n i n g  r e a s o n s  f o r  t h e  disappearance of t h e  glowworms. 

The only f a c t o r  t h a t  can be judged a c c u r a t e l y  i s  funga l  

a t t a c k  - t h e  whi t e  f l u f f y  ' cadaver '  (glowworm corpse)  

l e f t  i s  q u i t e  d i s t i n c t .  With o t h e r  forms of popu la t ion  

r e g u l a t i o n ,  we simply have t h e  d isappesrance  of a glow- 
worm egg, l a r v a ,  pupa o r  a d u l t .  Was it eaten  by ano the r  

glowworm o r  by a  harves tmm? 



EVOLUTION 

Why such an organism should have evolved i s  an i n t e r e s t -  

i n g  q ~ e s t i o n  od which t o  ponder. The glowworm i s  well  

adapted t o  i t s  environment, a s  i s  shown by t h e  thousands 

of glowworms t h a t  can be seen i n  t h e  Gloworm Gro t to  a t  

Waitomo Caves and o t h e r  caves  i n  New Zealand. There a r e  

two main ques t ions  t h a t  can be asked about t h e  evo lu t ion  

of t h e  glowworm from t h e  a n c e s t r a l  i n s e c t .  

Did t h e  ' p r e s e n t '  glowworm g a i n  i t s  c h a r a c t e r i s t i c s  of 

l i n e  b u i l c i n g ,  bioluminescence and carnivorous  behaviour 

g r a d u a l l y ,  o r  d i d  they  happen suddsnly? P rev ious ly  t h i s  

unique behaviour  was considered so  s t r ange  t h a t  some 

b i c l o g i s t s  suggested  a  'macro-mutation' occur r ing .  Th i s  

would r e s u l t  i n  t h e  a n c e s t r a l  'glowworm' ga in ing  a l l  

t h e s e  c h a r a c t e r i s t i c s  a t  once. Aow t h a t  o t h e r  members of 

t h e  f a u i l y  MYCETOFIiILiilkE a r e  descr ibed from around t h e  

world, many of t h e s e  f e a t u r e s  have been observed s i n g l y  

o r  i n  combinatior.. There a r e  s p e c i e s  t h a t  c o n s t r u c t  

webs, o t h e r s  t h a t  have t h e  carnivorous  h a b i t  and o t h e r s  

t h a t  a r e  luminescent .  The a c q u i s i t i o n  of a l l  t h e s e  

f a c t o r s  i n  t h e  glo-morm has  r e s u l t e d  i n  a  s p e c i e s  superb- 
l y  adapted t o  t h e  damp cave environment. 

The second ques t ion  i s ,  i f  t h e s e  c h a r a c t e r i s t i c s  develop- 

ed g radua l ly ,  t hen  i n  what o r d e r  d i d  they appear? Again 

we look t o  o t h e r  oenbers of t h e  WiZETOPEILIDAE. Some 

spec ies ,  a  few o f  those  l i v i n g  i n s i d e  f u n g i ,  b u i l d  s t i c k y  

webs but a r e  n o t  carnivorous ,  i ~ s t e a d  they use  t h e  web t o  
t r a p  fungal  s p o r e s  which a r ?  i n g e s t e d  along with t h e  web. 

I n  another  f~mglzs i n h a b i t i n g  s p e c i e s  minute bugs a r e  a l s o  

caught i n  t h e  web and eaten a long with t h e  spores.  Many 
s p e c i e s  a c t u a l l y  b : ; i ld  webs e i t h e r  on a  s i n g l e  p lane  o r  

i n  t h r e e  dimensj.ons and a r e  of carnivorous  h a b i t s .  

Seve ra l  of t h e s e  l i v e  i n  cave h a b i t a t s .  Another s p e c i e s  
h a s  biolnminescenco whi-h appears  t o  be a s s o c i a t e d  wi th  

f a t  c e l l s  but  an a s t~ l . a l  l i g h t  producing organ i s  absent .  

A t  l e a s t  one o t h e r  spec ies  r e l a t e d  t o  t h e  glowworn u s e s  a  

l ~ m i n e s c e n t  organ t c  a t t r a o t  p rey  which a r e  then  t r apped  

i n  i t s  web. This  spec ies  d i f f e r s  i n  t h a t  i t  s p i n s  a  f l a t  

web. 

Thus i t  seems p robab le  t h a t  web b u i l d i n g  developed f i r s t  

followed by adap t ion  t o  a  carnivorous  d i e t .  A l a t e r  

s p e c i a l i z a t i o n  t o  f a c i l i t a t e  t r a p p i n g  of prey was t h e  

development of a  l i g h t  organ. 

M A N  AND THE N m  ZEALAND GLOWWORM 

The glowworm d i s p l a y s  i n  t h e  caves  a t  Waitomo a t t r a c t  

thousands of v i s i t o r s  each y e a r ,  and a s  such a r e  an i m -  
p o r t a n t  economic r e source  p rov id ing  both revenue and 

employment. We have seen how t h e  glowworm h a s  very  

s p e c i a l i z e d  environmental  requirements .  How i s  t h i s  

environment a f f e c t e d  by man and how i s  t h i s  h a b i t a t  main- 

t a i n e d ?  

The two most impor tant  f a c t o r s  t h a t  can be in f luenced  by 

m a n  i n  t h e  glowworm h a b i t a t  a r e  t h e  c l i m a t e ,  (humidity i n  

p a r t i c u l a r )  and t h e  food supply of s u i t a b l e  f l y i n g  in -  

s e c t s .  Changes t o  t h e  morphology o r  shape of t h e  cave 

can quickly  a l t e r  t h e  c l ima te  i n s i d e .  I n  1975 a  s o l i d  

a i r - t i g h t  door a t  t h e  upper ent rance  t o  t h e  Glowworm Cave 

was r ep laced  with an i r o n  g r i l l e  door t o  improve v e n t i l a -  

t i o n  over t h e  busy summer per iod.  I n  w i n t e r ,  however, 

warm a i r  i n s i d e  t h e  cave was a b l e  t o  r i s e  t o  t h e  upper 

l e v e l s  and escape from t h e  cave a t  an unprecedented r a t e .  

These g r e a t l y  inc reased  a i r  movements removed much of t h e  

moist&e from both t h e  cave atmosphere and cave wal ls .  

The glowworm h a b i t a t  began t o  dry  out and numbers dropped 

with each winter .  I n  e a r l y  winter  1979 t h e  remaining 

glowworms began t u r n i n g  t h e i r  l i g h t s  o f f  ar,d t h e  cave was 
c losed  t o  t h e  p u b l i c  a s  an i n v e s t i g a t i o n  began. I n  t h r e e  

months t h e  d i s p l a y  had re tu rned  but t h e  cave was l e f t  un-  

modified while d e t a i l e d  r e sea rch  was done on i t s  c l imate .  

It i s  l i k e l y  t h a t  t h e  g r e a t e r  movement of a i r  i n s i d e  t h e  

cave inc reased  t h e  d i s t r i b u t i o n  of s p o r e s  of a  fungus 

t h a t  k i l l s  glowworms and n o r t a l i t y  from t h i s  agent a l s o  



c o n t r i b u t e d  t o  t h e i r  d e c l i n e .  One of t h e  r e s e a r c h  recom- 

mendations was t o  s e a l  o f f  t h e  upper  en t r ance  aga in  and  

keep t h e  a i r  t i g h t  door c losed i n  win te r  and l e f t  open 

d u r i n g  summer. Th i s  was done e a r l y  i n  1981 and t h e  cave 

c l i m a t e  immediately s t a b i l i z e d .  S ince  t h e  r e s t o r a t i o n  

of t h e  h igh humidi ty  i n  t h e  cave t h e  glowworm p o p u l a t i o n  

h a s  responded wi th  each gene ra t ion  and n m b e r s  a r e  now a t  

a  l e v e l  c o n s i s t e n t  with a  s t a b l e  h e a l t h y  c l ima te .  There 

h a s  a l s o  been a  r educ t ion  i n  t h e  glowworm m o r t a l i t y  

caused by t h e  fungus.  

The t o t a l  popu la t ion  l e v e l  t h a t  t h e  cave can s u s t a i n  i s  

l i m i t e d  by ano the r  c0mponen.c t h a t  man can i n f l u e n c e  - 
t h i s  i s  t h e  glowworm food supply.  Here i t  i s  no t  changes 

i n s i d e  t h e  cave bu t  o u t s i d e ,  i n  p a r t i c u l a r  changes t o  t h e  

Waitomo River catchment upstream of t h e  caves.  The 

Waitomo t h a t  Tane Tinorau* knew was v a s t l y  d i f f e r e n t  t o  

Waitomo roday,  bu t  a l r eady  t h e  g r e a t  r a i n f o r e s t s  were be- 

i n g  des t royed ,  f i r s t  f o r  m i l l a b l e  t imber  then  a s  g ra s s -  

l a n d  farming became e s t a b l i s h e d .  Along t h e  bottom of t h e  

Waitomo Valley t h e  Waitomo R i v e r  meandered through swampy 

wet lands  r i c h  i n  b i r d  and i n s e c t  l i f e .  Today a lmost  a l l  

of t h e  t h i c k  f o r e s t s  have gone a s  have most of t h e  wet- 

l a n d s  t h a t  provided t h e  breeding ground f o r  numerous 

s p e c i e s  of a q u a t i c  i n s e c t s .  Nany of t h e s e  i n s e c t s  i n  t h e  

egg,  l a r v e  o r  pupa s t a g e s  a r e  c a r r i e d  i n t o  t h e  caves by 

r i v e r s  an3 a s  a d u l t  f l i e s  a r e  a t t r a c t e d  t o  t h e  l i g h t s  of 

glowworms. I t  i s  l i k e l y  t h e r e  h a s  been a  s i g n i f i c a n t  de- 

c l i n e  i n  t h e  numbers of i n s e c t s  coming i n t o  t h e  caves  

over  t h e  l a s t  100 yea r s .  I n  1983 new re sea rch  was s t a r t -  

ed t o  e x m i n e  t h e  ecology of t h e s e  i n s e c t s .  The objec- 

t i v e s  of t h i s  r e s e a r c h  a r e  t o  e s t a b l i s h  which s p e c i e s  a r e  

i m p o r t a l t  i n  t h e  glok,worm's d i e t ,  how f a r  upstream t h e y  

o r i g i n a t e ,  how much t h e i r  h a b i t a t  has  been a l t e r e d ,  i f  

t h e y  a r e  a t  r i s k  wi th  o i l ,  i n s e c t i c i d e ,  o r  f e r t i l i s e r  

* T a l e  Tinorau was a  PIaori Chizf wllo i n  t h e  company of 

Fred  Kace, an Eng l i sh  Surveyor,  f i r s t  explored  t h e  Glow- 

worm Cave i n  1887. 

runoff  and whether anything can and should  be done t o  

r e s t o r e  o r  enhance t h e i r  h a b i t a t .  

I n  t h e  p a s t  t h e  mant le  of r a i n f o r e s t  was a b l e  t o  absorb  

most of t h e  r a i n  f a l l i n g  on t h e  Waitomo River  catchment 

and then  r e l e a s e  t h e  water slowly i n t o  t h e  main r i v e r  

channels.  With t h e  removal of t h e  f o r e s t  cover r a inwa te r  

moves quickly  down t h e  v a l l e y  s lopes  o f t e n  t a k i n g  t o p s o i l  

wi th  it. It  i s  l i k e l y  t h a t  f l o o d i n g  has  inc reased  both  

i n  frequency and peak l e v e l s  over t h e  l a s t  century .  The 

l e s s  f r equen t  h i g h e r  f l o o d s  t e n d  t o  scour  t h e  bed of t h e  

Gro t to  whi le  t h e  more f r equen t  s m a l l e r  f l o o d s  d e p o s i t  

s i l t  and mud. The t o p  t e n  cen t ime t re s  of t h e  r i v e r  bed 

i s  r i c h  i n  oxygen and s u p p o r t s  much a q u a t i c  l i f e  inc lud-  

i n g  t h e  l a r v a e  of i n s e c t s  c r u c i a l  t o  t h e  glowworm food 

supply.  Hence t h e  scour ing  o r  purging of t h e  r i v e r b e d  

adve r se ly  a f f e c t s  s t ream l i f e  and glowworms. I f  t h e r e  i s  

a  long  p e r i o d  between f l o o d s  t h e  glowworms co lon i se  t h e  

lower w a l l s  of t h e  Gro t to  and many a r e  swept away when 

t h e  water does r i s e .  Some movement of t h e  water l e v e l  i s  

e s s e n t i a l  t o  s t ream ecology. Storm even t s  r e l e a s e  much 

o rgan ic  ma t t e r  i n t o  t h e  s t reams r e p l e n i s h i n g  e s s e n t i a l  

o rgan ic  n u t r i e n t s .  

The ques t ion  i s  sometimes asked,  "Do l a r g e  numbers of 

t o u r i s t s  p a s s i n g  through t h e  caves  have any e f f e c t  on t h e  

glowworms?". T h i s  i s  u n l i k e l y .  The occas iona l  baby cry- 

i n g  o r  boat  banging sometimes causes  t h e  younger glow- 

worms t o  ex t ingu i sh  t h e i r  l i g h t s  bu t  it i s  d i f f i c u l t  t o  

imagine any ' peop le '  f a c t o r s  a f f e c t i n g  t h e  glowworms on a  

long  term b a s i s .  Carbon d iox ide  i s  b rea thed  ou t  by 

people  and i n  some deadend passages  t h i s  can have d e t r i -  

mental  e f f e c t s  on t h e  cave format ions .  Experiments have 

shown t h a t  glowworms have a  h ighe r  t o l e r a n c e  t o  carbon 

d iox ide  than  humans so  they  w i l l  be  a f f e c t e d  by carbon 

d iox ide  long b e f o r e  t h e  glowworms. Measurements have 

shown t h a t  t h e  CO2 i n  t h e  Gro t to  i s  sometimes s l i g h t l y  

h i g h e r  t h a n  normal bu t  nowhere n e a r  l e v e l s  dangerous t o  

people.  

For some y e a r s  now a  r eco rd  h a s  been kept  of h a b i t a t  



f a c t o r s  i n  t h e  Glowworm Cave. A t  s e v e r a l  s i t e s  i n  t h e  

cave weekly r e c o r d s  a r e  taken of maximum and minimum a i r  

t empera tu res ,  rock  and water t empera tu res  and evapora- 

t i o n .  V a r i a t i o n s  i n  a i r  tempera ture  and humidi ty  a r e  

c o n s t a n t l y  recorded onto c h a r t s  by thermohygrographs. 

Outs ide  t h e  cave,  c l ima te  r ead ings  a r e  taken weekly and 

t h e  r i v e r  l e v e l  i s  cont inuously  monitored a t  a  s t a t i o n  

n e a r  Aranui Cave. 

I n s i d e  t h e  Glowworm Cave two sample c o l o n i e s  o f  glowworms 

a r e  counted each week. Within t h i s  popu la t ion  t h e  occur- 

rence  of l a r v a e ,  pupae, and a d u l t  f l i e s  a r e  no ted ,  a s  i s  

t h e  inc idence  of fungal  a t t a c k .  The number and s i z e  of 

i n s e c t s  caught i n  t n e  l i n e s  of a  sma l l  glowworm colony 

a r e  a l s o  recorded.  

Recent r e s e a r c h  on glowworm ecology and t h e  hydrology of 
t h e  Waitomo catchment h a s  given u s  a  b e t t e r  unde r s t and ing  

of how man i n f l u e n c e s  t h e  e c o l o g i c a l  and p h y s i c a l  en- 

vironment of t h e  glowworms i n  t h e  caves  a t  Waitomo. Many 

of t h e  r e sea rch  recommendations have a l r e a d y  been imple- 

mented wi th  p o s i t i v e  r e s u l t s  and from t h i s  unde r s t and ing  

of t h e  r e source  it i s  l i k e l y  t h a t  t h e  glowworms w i l l  be 

a t t r a c t i n g  v i s i t o r s  f o r  many y e a r s  t o  come. 
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GLOSSARY 

Abdomen - The t a i l  p a r t  of an i n s e c t .  

Anatomy - The s tudy  of t h e  s t r u c t u r e  of t h e  body. 

bioluminescence - The b i o l o g i c a l  product ion  of l i g h t .  

Cannibal  - An animal t h a t  e a t s  i t s  own kind.  

Carnivore  - AIL animal t h a t  f e e d s  on f l e s h .  

Des i cca t ion  - The complete l o s s  of mois ture .  

Larva - The ' g r u b '  s t a g e  i n  t h e  l i f e  cyc le  of an i n s e c t .  

( p l u r a l  - l a r v a e )  

Macro-mutation - A very  l a r g e  g e n e t i c  change (muta t ion ) .  

Ov ipos i t i on  - The p rocess  of egg l a y i n g  i n  t h e  i n s e c t .  

P a p i l l a e  - Small  ex tens ions  of t h e  i n s e c t  body, u s u a l l y  

con ta in ing  sense  c e l l s .  

F a r a s i t e  - A n  organism t h a t  l i v e s  i n  o r  on ano the r ,  wi th  

de t r imen ta l  e f f e c t s  t o  t h e  h o s t .  

P r e d a t o r  - An animal t h a t  hun t s  and k i l l s  o t h e r  animals 

f o r  food. 

Pupa - The 'cocoon'  s t a g e  i n  t h e  l i f e  c y c l e  of an i n s e c t .  

( p l u r a l  - pupae) 

Pupat ion  - The p r o c e s s  whereby t h e  l a r v a  changes i t s  body 

f u n c t i o n s  and shape t o  become t h e  a d u l t  i n s e c t .  The 

organism i n  t h i s  s t a t e  i s  known a s  t h e  pupa. 

S p a t i a l  D i s t r i b u t i o n  - The d i s t r i b u t i o n  of organisms o r  

o b j e c t s  i n  a  d e f i n e d  a rea .  

S u b s t r a t  e/Substratum - The under ly ing s u r f  ace .  

Taxonomy - The s c i e n t i f i c  naming of organisms. The f u l l  

taxonomy of t h e  Sew Lealand glowworm i s  a s  fo l lows :  

P h y l m :  k r th ropoda  - animals with e x t e r n a l  j o i n t e d  

s k e l e t o n s .  

C las s :  I n s e c t a  - animals  with s i x  l e g s  and t h r e e  main 

p a r t s  t o  t h e  body. 

Sub-Class: F t e r y g o t a  - winged i n s e c t .  



Glossary contd. 

Order: Diptera  - two winged i n s e c t  ( a s  opposed t o  

four  wings). 

Family: MYCETOPHILIDAE - fungus gnats .  

Genus: Arachnocampa - l a r v a  bui lding a web. 

Species :  Arachnocampa luminosa - N.Z.  glowworm. 

Tensi le  S t reng th  - Strength of s t r e tch ing .  

Thermohygrograph - An instrument t h a t  continuously 

measures humidity and temperature of t h e  a i r ,  auto- 

mat ical ly  recording t h i s  information on60 char t s .  

Thorax - The middle sec t ion  of an i n s e c t  - has  l e g s  and 

wings ' a t t ached '  t o  it. 
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