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s u b s t r a t e s  t h a t  are  co lon ized  by  fungi  t h a t  p r o d u c e  my-  

co tox in s  such  as the  t r i cho thecenes .  Ove r  the  l - h  p e r i o d  

t h a t  m e t a b o l i s m  was  m o n i t o r e d ,  C. hemipterus de tox i f ied  

M A S  at  a r a t e  t h a t  was  8 - 1 0  t imes  (on  a pe r  m g  p r o t e i n  

bas is )  t h a t  o f  ca te rp i l l a r s  t h a t  m a y  also e n c o u n t e r  the  

t r i cho thecenes ,  b u t  are  n o t  a d a p t e d  to feeding  on  m a -  

ter ia l  c o n t a i n i n g  them.  T he  inc reased  ra tes  o f  M A S  

m e t a b o l i s m  by C. hemipterus re la t ive  to S.frugiperda 
a n d  H. zea m a y  c o n t r i b u t e  to  the  lower  toxic i ty  o f  tri-  

c h o t h e c e n e s  to C. hemipterus. This  i n f o r m a t i o n ,  w h i c h  

r ep resen t s  the  f irst  s t udy  o f  t r i c h o t h e c e n e  m e t a b o l i s m  by 

insects ,  ind ica tes  t h a t  insects  are  c a p a b l e  o f  a d a p t i n g  to 

a r a n g e  o f  n a t u r a l l y  occu r r i ng  tox ins  w h i c h  also inc ludes  

m y c o t o x i n s  t h r o u g h  e n z y m a t i c  de tox i f i ca t ion .  

I To whom correspondence should be addressed. 
2 Present address: Merck, Sharp&Dohme Research Laboratories, 

Rabway, NJ 07065. 
3 Acknowledgment. The authors wish to thank S. Taylor for technical 

assistance. 
4 The mention of firm names or trade products does not imply that they 

are endorsed or recommended by the U.S. Department of Agriculture 
over other firms or similar products not mentioned. 

5 Brattsten, L. B., in: Molecular Aspects of Insect-Plant Associations, 
p. 211. Eds L. B. Brattsten and S. Ahmad. Plenum, New York I986. 

6 Dowd, P. F., in: Handbood of Natural Pesticides, vol. II1, Insects. 
Eds E. D. Morgan and L. B. Mandava. CRC Press, Boca Raton, FL, 
in press. 

7 Bull, D.L., Ivie, G. W., Beier, R. C., and Pryor, N. W., J., chem. 
Ecol. 12 (1986) 885. 

8 Committee on Protection against Mycotoxins, in: Protection against 
Trichothecene Mycotoxins, p. 93. National Academy Press, Washing- 
ton, DC 1983. 

9 Wright, V. F., Vesonder, R. F., and Ciegler, A., in: Microbial and 
Viral Pesticides, p. 559. Ed. E. Kurstak. Marcel Dekker, New York 
1982. 

10 Dowd, P. F., Pestic. Biochem. Physiol. 32 (1988) 123. 
11 Windels, C. E., Windels, M. B., and Kommedahl, T., Phytopathology 

66 (1976) 328. 
12 Attwater, W. A., and Busch, L. V, Can. J. Plant Path. 5 (1983) 158. 
13 Dowd, P. F., J. econ. Ent. 80 (1987) 1351. 
14 Sigg, H. P., Mauli, P., Flury, E., and Hauser, D., Helv. chim. Acta 48 

(1965) 962. 
15 Roush, W. R., and Russo-Rodriguez, S., J. org. Chem. 50 (1985) 

3224. 
16 Claridge, C. A., and Schmitz, H., Appl. envir. Microbiol. 36 (1978) 

63. 
17 lshii, K., Pathre, S. V., and Mirocha, C. J., J. agric. Fd Chem. 46 

(1978) 649. 
18 Steyn, P. S., Vleggaar, R., Rabie, C. J., Kriek, N. P. J., and Harring- 

ton, J. S., Phytochemistry 17 (1978) 949. 
i9 Bio-Rad, Use of the Bio-Rad Protein Assay. Bio-Rad, Richmond, CA 

(1977) 8 p. 
20 Ohta, M., Matsumoto, H., Ishii, K., and Ueno, Y., J. Biochem. 84 

(1978) 697. 
21 Kiessling, K.-H., Pettersson, H., Sandholm, K., and Olsen, M., Appl. 

envir. Microbiol. 47 (1984) 1070. 
22 Bauer, J., Bollwahn, W., Gareis, M., Gedek, B., and Heinritzi, K., 

Appl. envir. Microbiol. 49 (1985) 842. 
23 Sakamota, T., Swanson, S. P., Yoshizawa, T., and Buck, W. B., J. 

agric. Fd Chem. 34 (1986) 698. 
24 Wilkinson, C. F., in: Xenobiotic Conjugation Chemistry, p. 48. Eds 

G. D. Paulson, J. Caldwell, D. H. Hutson and J. J. Menn. American 
Chemical Society, Washington, DC 1986. 

25 Corley, R. A., Swanson, S. P., and Buck, W. B., J. agric. Fd Chem. 33 
(1985) 1085. 

26 Roush, W. R., Marietta, M. A., Russo-Rodriguez, S., and Recchia, 
J., J. Am. chem. Soc. 107 (1985) 3354. 

27 Roush, W. R., Marietta, M. A., Russo-Rodriquez, S., and Recchia, 
J., Tetrahedron Lett. 26 (1985) 5231. 

28 Mullin, C., in : Bioregulators for Pest Control, p. 267. Ed. P. E. Hedin. 
American Chemical Society, Washington, DC 1985. 

29 Grove, J. F., and Hosken, M., Biochem. Pharmac. 24 (1975) 959. 
30 SAS Institute. SAS/STAT Guide for Personal Computers, Version 6, 

SAS Institute, Cary, NC 1985. 

0014-4754/89/040393-0351.50 + 0.20/0 
((:) Birkh/iuser Verlag Basel, 1989 

Limitations on visual food-location in the planktivorous antarctic fish Pagothenia borchgrevinki 

J. C. Montgomery, N. W. P a n k h u r s t  a n d  B. A. F o s t e r  

Department of Zoology, and Leigh Marine Laboratory, University of A uckland, Private Bag, Auckland (New Zealand) 
Received 26 October 1988; accepted 18 November 1988 

Summary. T h e  v isua l  t h r e s h o l d  for  f o o d - l o c a t i o n  in the  a n t a r c t i c  f ish Pagothenia borchgrevinki, is c o m p a r e d  w i t h  l ight  

c o n d i t i o n s  a n d  f o o d  ava i l ab i l i ty  u n d e r  the  ice. Even  u n d e r  the  m o s t  f a v o u r a b l e  c o n d i t i o n s  for  v is ion,  P. borchgrevinki 
is o p e r a t i n g  close to its v isual  t h r e s h o l d  a n d  m u s t  o f t en  d e p e n d  o n  n o n - v i s u a l  m e c h a n i s m s  o f  p rey  de tec t ion .  

Key words. A n t a r c t i c  f ish;  v i s ion ;  l a te ra l  l ine;  p rey  de tec t ion .  

T h e  a rea  i m m e d i a t e l y  b e n e a t h  the  a n n u a l  sea-ice o f  p o l a r  

reg ions  ha s  been  t e r m e d  the  c ryope lag ic  h a b i t a t  2. In  

M c M u r d o  S o u n d ,  A n t a r c t i c a ,  P. borchgrevinki is the 
on ly  c o m m o n  species o f  f ish o c c u p y i n g  th is  zone .  D u r i n g  

the  aus t r a l  sp r ing  these  f ish feed o n  m a c r o z o o p l a n k t o n  

loca ted  in the  w a t e r  c o l u m n  3. O b s e r v a t i o n s  o f  fish s t r ik-  

ing lures  ind ica te  t h a t  feed ing  can  be  v i sua l ly  m e d i a t e d .  

H o w e v e r ,  it has  a lso b e e n  s h o w n  t h a t  the  m e c h a n o s e n s o -  

ry la te ra l  l ine sys tem of  these  f ish is well  su i ted  to the  

de t ec t i on  o f  p l a n k t o n i c  p rey  4' 3. Th i s  sys tem m a y  be  pa r -  

t icu lar ly  i m p o r t a n t  n o t  on ly  d u r i n g  win ter ,  b u t  a lso in 

s u m m e r  w h e n  s n o w  a n d  ice cover ,  a n d  p h y t o p l a n k t o n  

a n d  algal  b l o o m s ,  r educe  a m b i e n t  l ight  levels. 

W h a t  is the  lowes t  l igh t  level a t  w h i c h  these  f ish a re  still 

able  to  loca te  f o o d  v isua l ly?  To a n s w e r  th is  q u e s t i o n  f ish 

were t a k e n  f r o m  b e n e a t h  the  sea-ice in  M c M u r d o  S o u n d ,  

A n t a r c t i c a  (wa te r  t e m p e r a t u r e  - 1 . 9 ~  a n d  k e p t  in  

a q u a r i a  u n d e r  c o n t r o l l e d  l i gh t ing  cond i t i ons .  F o r  elec- 
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Figure 1. A Sequence of ERG traces (DC - 100 Hz) showing the effects 
of increasing stimulus intensity. A small spike-like negative 'A' potential 
is visible on some traces, followed by a clear 'B' wave and slower 'C' wave. 

B The measured height of the 'B' wave is plotted against the log of the 
stimulus intensity, and threshold obtained by extrapolation of the regres- 
sion line to the 'O' response level. 

t ro re t inogram ( E R G )  experiments ,  the b ra in  was de- 
s troyed by pi thing,  a n d  the fish laid on  its side in an  
a q u a r i u m  with the gills i rr igated con t inuous ly  with 
- 1.0 ~ to - 1.5 ~ seawater.  A chlor ided silver wire was 
inserted in to  the eye to record the electrical response of  
the re t ina  to 200-ms flashes of  white light. All  p repara to-  
ry procedures  were conduc ted  unde r  d im red light. The 
E R G  response consis ted of  a small  init ial  negat ive po ten-  
tial ( 'A '  wave), a clear posit ive peak ( 'B'  wave) a n d  a long 
slow 'C '  wave (fig. 1). Responses  were measured  as the 
height  of  the 'B '  wave, an d  showed a very good l inear  
re la t ionship  when  plot ted  against  the log of  the s t imulus  
in tens i ty  (fig. 1). E lec t rore t inogram thresholds were thus 
ob ta ined  by ex t rapo la t ion  of  the regression line to the 'O '  
response level. F o r  l ight -adapted  fish the m e a n  E R G  
threshold  was 0.01 liE �9 m -2  �9 s -1 (+0 :001  SE, N = 7), 
and  for da rk -adap ted  fish 0.0014 liE �9 m -2  �9 s -1 
( + 0 . 0 0 0 4  SE, N = 7). His tological  examina t ion  of  the 
re t inae of  light and  da rk  adap ted  fish showed that  dark-  
adap ta t ion  resul ted in re t rac t ion  of  re t inal  screening pig- 
men t  f rom the ou te r  segment  of  the rods. 
To ob t a in  a behav ioura l  threshold  for visual  feeding, a 
g roup  of f i sh  were cap tured  on  barbless  hooks  a n d  placed 
in  a large aqua r ium.  F o r  each behav ioura l  trial, the ex- 
per imenta l  area was darkened,  an d  a recently killed eu- 
phaus i id  shr imp,  suspended  on  a piece of  co t ton  was 
placed in the aquar ium.  The fish were observed on  a 
inf rared video system, a n d  light in tens i ty  increased step- 
wise unt i l  a clear o r i en ta t ion  or strike response was 
recorded. The  lowest light level at which a posit ive re- 
sponse was recorded was 0.005 liE �9 m -2  �9 s -'1. In  13 tri- 
als at  light intensit ies less t han  this, no  posit ive response 
was recorded,  and  in trials at higher light intensit ies 10 
ou t  o f  14 responses were positive. I t  is argued here that  
photopic  vision is p r o b a b l y  required for prey detect ion 
and  that  the behav ioura l  threshold,  which is at  the 
b o t t o m  end  of  the range  of  the l ight -adapted  E R G  

thresholds,  best represents  the lower b o u n d a r y  of  light 
intensit ies at  which visual  food- loca t ion  is possible. 

In  order  to compare  visual  thresholds with env i ronmen-  
tal l ight levels, vertical  profiles of  downwel l ing  light were 
ob ta ined  at the fishing site. Snow and  ice cover d ramat -  
ically reduce light in tens i ty  as has been  previously report-  
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Figure 2. Depth profiles of light intensity and food availability. The 
shaded layer at the water surface represents the ice cover. Two examples 
of the relationship between depth and light intensity (upper axis) are 
plotted on the figure, and the area between them cross-hatched. The 
lowest light values were obtained by doing a light profile at night when 
the sun angle was low. The highest light values were found during the . 
middle part of the day. The depth range of light values corresponding to 
the behavioural threshold for feeding is illustrated on the right of the 
figure. Also shown is the vertical profile of food availability. The numer- 
ical value for food availability at each depth was obtained by summing 
over prey plankton species, their density (x) times their proportional 
representation in the diet of P. borchgrevinki (p) times the cube of the 
length of an average specimen (13). 
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ed 5. Below the ice, light intensity decreases exponentially 
(fig. 2). Under the best conditions for light penetration 
(daytime, clear water in early spring) the threshold inten- 
sity for visual feeding is reached at about 50 m. With 
lower sun angles (23.00 h) these light levels are reached at 
about 25 m (fig. 2). Also indicated in figure 2 is a relative 
index of food availability. This was obtained by deter- 
mining the densities of prey plankton at different levels in 
the water column, and then weighting their density by a 
measure of their respective importance in the diet of 
P. borchgrevinki. No diurnal movement of these plank- 
ton species was observed in these studies. The surprising 
result is that food availability shows a marked reduction 
in the upper levels of the water column. This pattern of 
distribution is unlikely to be caused by hydrological pro- 
cesses, since the smaller non-prey plankton species were 
uniformly distributed over this depth range. Fish densi- 
ties, and food intake rates are too low to account for the 
reduction in terms of removal by fish predation 7, leaving 
the most likely explanation as a behavioural response on 
the part of the plankton. Species subject to fish predation 
avoid the upper part of the water column where the fish 
are able to see. 
The limitations to visual feeding are thus determined by 
the animals' own capabilities, environmental light condi- 
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tions, and the distribution of its prey. It is concluded 
that, even during the most favourable conditions for vi- 
sual food-location, P. borchgrevinki must be operating 
close to its visual threshold. In these circumstances non- 
visual sensory systems such as the lateral line may well be 
of assistance. When conditions for visual feeding deterio- 
rate due to lower ambient light levels (increased snow 
and ice cover, sub-ice algal blooms, phytoplankton 
blooms, low sun angle, and winter darkness) it is to be 
expected that reliance on non-visual systems will be in- 
creased. 
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Summary. Within the island of Tenerife the lizard Gallotia galloti shows geographic variation in a range of features, 
most notably the colour pattern of breeding males. Numerous (7) specific causal hypotheses, both phylogenetic and 
ecogenetic, are proposed or plausible for this geographic variation and these are simultaneously tested against the 
observed multivariate pattern. The hypotheses based on the divergence in allopatry (e.g. the secondary contact of 
populations from the precursor islands of Anaga and Teno and the separation of high- and low-altitude populations 
by encircling cloud) are rejected. The hypothesis that the pattern is caused by topographically determined climatic 
differences within the island is not rejected. The climate may influence the balance between selection for signalling 
colouration for sexual/territorial purposes and natural selection for crypsis. 
Key words'. Geographic variation; natural selection; sexual selection; multivariate analysis; crypsis. 

The study of geographic variation within individual is- 
lands has practical advantages. Since the number of spe- 
cies tends to be low the abundance of individuals per 
species tends to be high; this is an advantage when ob- 
taining samples for quantitative work. Moreover, envi- 
ronmental conditions and character states can change 
over very short distances with consequent logistic advan- 
tages. 

On the island of Tenerife (Canaries) the lizard Gallotia 
galloti is very abundant and shows spatial heterogeneity 
(microgeographic variation) in a range of features 1- 3, 
the most obvious of which is the colour pattern of sexu- 
ally mature males 4. Whilst the colour pattern and be- 
haviour of  juveniles and females is cryptic to avoid pre- 
dation from mainly aerial predators, e.g. Falco tinnun- 
culus, breeding males adopt prominent positions and are 


