the UV-sensitive type 2 cone, have lin-
ear dichroism similar to that of other
vertebrates.

Another property of the type 2 outer
segment is -its sensitivity to actinic
“bleaching’’ lights. Both the alpha-band
A and LD peaks diminish in size in
response to such lights. The resulting
bleaching difference spectrum has a tran-
sient new peak at about 440 nm with a
corresponding negative LD (arrow in
Fig. 2E). Therefore, when the light-ab-
sorbing substance in type 2 cells is
bleached, the resulting photoproducts
share the dichroic characteristics of pho-
toproducts formed in the other cones of
ugui and other vertebrates.

Although the wavelength ranges and
cell distribution in Table 1 may imply
more, there are probably only five opsins
present in ugui photoreceptors. Most of
the observed \.x variations could be
simulated by the use of various propor-
tions of the two known chromophores
and five opsins. The much narrower
ranges and shorter A.x values found in
the regeneration experiments support
this conclusion. The larger numbers of
long-single than long-double and short-
double than medium-single cones found
at longer wavelengths probably have no
significance. Although much is yet to be
discovered, the high blue sensitivity in
physiological responses can now be ex-
plained, at least qualitatively, from spec-
tral determinations. Whether ugui can
perceive UV light and, if so, what benefit
it derives from that ability are not
known. Ugui, however, has been report-
ed to be a fast and powerful swimmer
that tends to feed at dusk and that sights
its prey of aquatic and terrestrial insects
from below, catching them in an upward
move at the surface of the water (/5).
Broader spectral coverage may be help-
ful in detecting insects against sky light
as background illumination, or it may be
used in detecting special markings for
identifying conspecifics.

Not only ugui, but also the roaches
(16), goldfish (/7), pigeons (4), humming-
birds (5), and chickens (/8) seem good
candidates for having UV-absorbing
cones. Even the human retina may have
UV receptors, in view of the high UV
sensitivity of the aphakic human observ-
er (1, 19). Although the yellow lenses of
adults normally block the penetration of
UV light to the depth of the retina (thus
apparently rendering UV receptors use-
less), such receptors may nevertheless
be present either vestigially or to serve
some function in ontogenetic develop-
ment.

The tetrachromatic cone system (or
pentachromatic eye) of ugui does not
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contradict current color vision theories
(20). Combining Young’s three-receptor
theory with Hering’s opponent color the-
ory, Svaetichin concluded, ‘‘Three is the
minimum number of receptors on which
the Hering opponent system can be
based; four would also do, but nature
designs economically. This is the only
magic of the number three in vision. The
finding of a fourth cone in the periphery
of the human retina would not at all
reduce the value of Young’s idea’’ (21).
Depending on nature’s original intent,
tetra or even higher chromaticity may be
economical (22). Since ugui is an ordi-
nary fish and not apparently a singular
creation of nature, we expect other ani-
mals to be similarly endowed.

FEReNC 1. HAROSI
Laboratory of Sensory Physiology,
Marine Biological Laboratory,
Woods Hole, Massachusetts 02543, and
Department of Physiology,
Boston University School of Medicine,
Boston, Massachusetts 02118

Yoko HASHIMOTO
Department of Physiology,
Tokyo Women’s Medical College,
Shinjuku-ku, Tokyo 162, Japan

References and Notes

1. W. S. Stark and K. E. W. P. Tan, Photochem.
Photobiol. 36, 371 (1982).

2. K. Hamdorf, in Handbook of Sensory Physiolo-
gy, vol. 7, part 6A, Comparative Physiology and
Evolution of Vision in Invertebrates: Inverte-
brate Photoreceptors, H. Autrum, Ed. (Spring-
er-Verlag, Berlin, 1979), p. 145.

3. M. Gogala, Z. Vgl Physiol. 57, 232 (1967); K‘
Hamdorf, J. Schwemer, M. Gogala, Nature
(London) 231, 459 (1971).

4. A. A. Wright, J. Exp. Anal. Behav. 17, 325
(1972); M. L. Kreithen and T. Eisner, Nature
(London) 272, 347 (1978); J. Emmerton and J. D.
Delius, J. Comp. Physiol. 141, 47 (1980).

. T. H. Goldsmith, Science 207, 786 (1980).

. K. Engstrom, Acta Zool. (Stockholm) 41, 277
(1960).

[ 3%

Pinosylvin Methyl Ether Deters

7. H. Niwa and T. Tamura, Rev. Can. Biol. 28, 79
(1969); H. Niwa, Comp. Biochem. Physiol. A
54, 263 (1976)

8. Y. Hashimoto and M. Inokuchi, Vision Res. 21,
1541 (1981); Y. Hashimoto, M. Abe M. Inoku-
chi, Color Res. Appl. 7 (No. 2), 182 (1982).

9. Freshly removed retinal tissue was mounted in
saline solution containing 105 mM NaCl, 2 mM
KCIl, 3 mM CaCl,, 1 mM MgSO,, 0.5 mM
NaH2P04, 0.5 mM NaHCO;, and 10 mM Hepes
buffer, at pH 7.3. For methodology, see (10).

10. F. I. Harosi and E. F. MacNichol, Jr., J. Gen.
Physiol. 63, 279 (1974).

11. W. K. Stell and F. I. Hérosi, Vision Res. 16, 647
(1976).

12. F. 1. Hérosi, Color Res. Appl. 7 (No. 2), 135
(1982); and E. F. MacNichol, Jr., J. Opt.
Soc. Am. 74, 903 (1974).

13. F. 1. Hérosi, in Photoreceptors, A. Borsellmo
and L. Cervetto Eds. (Plenum, New York, in
press).

14. | Methods Enzymol. 81, 642 (1982).

15. D. Miyadi, H. Kawanabe, N. Mizuno, Coloured
Lllustrations of the Freshwarer Ftshes ofJapan
(Hoikusha, Osaka, 1963), p. 101.

16. J. A. Avery, J. K. Bowmaker, M B. A. Djam-
goz,and J. E. G. Downing [J. Physzol (London)
334, 23P (1983)] have reported that the roach,
another cyprinid fish, has small cones with light
absorption rising from 450 to 370 nm. Although
their dichroic -and bleaching properties were not
established, these cones seem to be homologous
to the type 2 cells described here.

17. C. W. Hawryshyn and R. D. Beauchamp, In-
:legé.z)Ophrhalmol. Visual Sci. 22 (Suppl.), 282

18. hbsYl.)Fager and R. S. Fager, Vision Res. 21, 581

19. K. E. W. P. Tan, Vision in the Ultraviolet
(Drukkerij Elinkwijk, Utrecht, The Nether-
lands, 1971).

20. G. S. Brindley, Physiology of the Retina and the
}ggugé Pathway (Arnold, London, 1960), pp.

21. G. Svactlchm K. Negishi, R Fatehchand; in
Ciba Foundation Symposium on Colour Vision:
Physiology and Experimental Psychology, A. V.
S. DeReuck and J. Knight, Eds. (Little, Brown,
Boston, 1965), p. 178.

22. .(I.glgé)Bowmakcr, Trends Neurosci. 6 (No. 2), 41
1 .

23. Supported in part by NIH grant EY02399 and by
nongovernmental . funds. The travel and ex-
penses of Y.H. were defrayed by the Tokyo
Women’s Medical College. We thank B. A.
Collins for taking photomicrographs for Fig. 1,
V. Balogh-Nair for a generous supply of 11-cis-
retinal, and R. Hennemuth and J. Sohn, for the
transportation and care of one shipment of fish.
We also thank B. A. Collins, D. W. Corson, A.
Fein, S. Levy, L. E. Lipetz, E. F. MacNichol,
Jr., and E. Z. Sziits for helpful comments on the
manuscript.

29 March 1983; accepted 4 August 1983

Snowshoe Hare Feeding on Green Alder

Abstract. Pinosylvin methyl ether (PME), a toxic phenol, is a potent deterrent to
showshoe hare feeding on green alder. Concentrations of PME found in green alder
parts can account for the low palatability of winter-dormant foliar buds and
staminate catkins but cannot affect internode palatability. The lack of a PME-related
defense system in internodes suggests that green alder has at least a two-level
defense system: defense of growth stages and defense of parts within growth stages.

Herbivores do not feed on all parts of a
plant; they usually eat specific parts (/).
For example, when feeding upon winter-
dormant green alder (Alnus crispa),
snowshoe hares (Lepus americanus) eat
internodes and reject foliar buds and
staminate catkins (Fig. 1). Foliar buds
and catkins contain high concentrations
of nutrients and nonstructural carbohy-
drates and low concentrations of fiber

and methanol-soluble phenolic constitu-
ents as compared to internodes (Table
1). Thus factors other than these constit-
uents must influence snowshoe hare
preferences for green alder parts. We

O = OCH
O 3

1 OH
1023




Table 1. Chemical characteristics of winter-dormant green alder twigs. Values are percent (dry weight); means and standard errors are given;

N=5.
. Hemicel- L Total Total
Nitrogen Phosphorus TNC* Cellulose lulose Lignin phenolst resint PME

Juvenile growth form

Bud 2.08+0.06 028=+0.01 126+05 99+06 43+02 6505 66=x02 285+12 14 =0.04

Internode 1.39 £ 0.03 0.16 + 0.01 82+06 27.2+x05 11.1 06 128+x04 7.2=*03 4.4 6.1 0.06 =0.01
Mature growth form

Bud 233019 030+0.01 11.7x1.1 102=*0.3 28+03 65+x04 60x0.1 34328 2.6 =02

Staminate catkin 2.48 = 0.03 030 £ 0.01 11.2+0.7 14405 00+00 53+05 43x04 252+23 1.7 =0.1

Internode 1.32 £ 0.02 0.13 = 0.01 83+x04 23307 86=x05 13907 72=03 48 0.6 0.05=0.01

*Total nonstructural carbohydrate.

found that pinosylvin methyl ether
(PME) (1), a low molecular weight phe-
nelic substance, present in the buds and
catkins, is highly repellent to snowshoe
hares and can partially account for dif-
ferential feeding by snowshoe hares
upon green alder parts during winter.
Small-diameter (< 4 mm) twigs from
the height range available to snowshoe
hares were collected during midwinter
(January) from mature and juvenile
green alder growing near Fairbanks,

"'&\ el : 9
- :. y, % " 4_’ s
R (7
B

Fig. 1. (A) Site at which free-ranging snow-
shoe hares have fed on mature green alder,
showing rejected foliar buds. (B) Close-up of
the site shown in (A).

1024

+tExpressed as tannic acid equivalents.

Alaska. Collections were divided into
‘‘subsamples’’ for chemical analysis and
a preference bioassay on each was made
with snowshoe hares (2). Material to be
bioassayed and analyzed chemically was
stored in tightly sealed plastic bags at
—40°C until used.

Bioassay with both free-ranging and
captive hares confirmed that, during
winter, snowshoe hares reject green al-
der foliar buds and staminate catkins (3)
and that juvenile green alder is less palat-
able to snowshoe hares than mature
green alder (4) (Table 2). Removal of
foliar buds and staminate catkins from
mature and juvenile green alder twigs
prior to bioassay did not alter snowshoe
hare preferences for mature twigs as
compared to juvenile growth form twigs
(Table 2). Thus snowshoe hare prefer-
ences for growth stage of internode (ju-
venile compared to mature) may be con-
trolled by factors other than those con-
trolling preferences for plant parts within
a growth stage (internodes compared to
buds and catkins).

Preliminary chemical analysis of foliar
buds, staminate catkins, and internodes
suggested that snowshoe hare prefer-
ences for green alder parts are negatively
correlated with the resin concentration
of these parts (Table 1). Fractionation of
the diethyl ether extract by column chro-
matography on silica gel (step gradients
of mixtures of petroleum ether, diethyl
ether, and methanol) yielded fractions
that elicited varying avoidance reponses
in bioassays with free-ranging hares.
Further chromatography (silica gel; pe-
troleum ether and ethyl acetate) of the
most repellent fraction provided PME as
a major component.

Purified (recrystallized and sublimed)
PME had physical and spectral proper-
ties consistent with those reported for
pinosylvin methyl ether (5). The repel-
lency of PME, a previously recognized
toxic secondary metabolite (6) present in
the bud and staminate catkin resins of
Alnus pendula (7), was demonstrated by
offering oatmeal, a preferred commercial

tMaterial extractable by diethyl ether.

food of snowshoe hares, impregnated
with PME to captive snowshoe hares for
a 24-hour period (2). This bioassay dem-
onstrated the deterrent properties of
PME (Table 3).

Measured (8) concentrations of PME
in winter-dormant foliar buds and stami-
nate catkins (Table 1) were comparable
to those causing strong avoidance when
applied to oatmeal, but concentratiorns of
PME found in both juvenile and mature
internodes (Table 1) elicited no resporise
in the bioassay. Thus, while PME can
account for the low palatability of buds
and catkins, it does not appear to be a
factor in the preference shown by snow-
shoe hares for mature as compared to
juvenile green alder internodes.

To determine if deterrency in this bio-
assay is a property of all secondary
metabolites, B-sitosterol (a ubiquitous
nontoxic phytochemical) was also of-

Table 2. Effect of bud and staminate catkin
removal on snowshoe hare use of alder. Val-
ues are means *+ standard errors for grams of
dry matter eaten per hare in a 24-hour period
(N = 25). Values with the same superscript
do not differ at P < 0.05; values with different
superscripts differ at P < 0.001 (F test).

Growth - Buds and cat-

stage Intact twig kins removed
Mature 8.65 + 1.12° 10.76 = 1.58*
Juvenile 2.04 + 0.38° 1.89 + 0.44°

Table 3. Effects of pinosylvin methyl ether
(PME) and B-sitosterol on hare feeding behav-
ior. Values are means * standard errors
(N = 10 hares).

Concen-
Com- tration PIt
pound (%)*
PME 0.05 0.97 = 0.15
1.5 0.07 = 0.03
4.0 0.09 = 0.05
B-Sitosterol 4.0 1.02 = 0.09
*Samples prepared according to (2). +PI (prefer-

ence index) is the ratio of the treated food consumed
(perc):ent) to the untreated oatmeal consumed (per-
cent).
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fered to the samé hares in a similar
feeding trial. The lack of response to 8-
sitosterol (Table 3) demonstrates that
hares do not avoid all secondary metabo-
lites.

Thus a single identifiable secondary
plant metabolite can function as a deter-
rent to snowshoe hare browsing. The
concentrations of PME found in catkins
and foliar buds of winter-dormant green
alder are sufficient to deter feeding by
snowshoe hares. However, the low lev-
els of PME found in internodes suggest
that hare preferences for mature over
juvenile internodes are controlled by fac-
tors other than those leading to avoid-
ance of buds and catkins. Thus green
alder may have at least a two-level de-
fense system during winter—defense of
growth stages (mature and juvenile inter-
nodes) and parts within growth stages
(buds and catkins compared to inter-
nodes).
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Identification of Presynaptic Neurons by Laser Photostimulation

Abstract. An optical method involving the use of a laser and a novel fluorescent
dye as a photostimulation probe has been developed to identify presynaptic neurons
in a large ensemble of cells. Illumination of an extracellularly stained neuron by the
laser microbeam evokes action potentials. With this technique an interneuron
connecting identified leech neurons was quickly located. The method speeds up the
elucidation of neuronal networks, especially when small cells are involved.

Understanding the cellular basis of
any central nervous system function re-
quires mapping the neuronal networks
controlling that function. Much progress
has been made toward this end, especial-
ly in the evaluation of simple networks in

some invertebrate ganglia that control
behavioral reflexes or more complex be-
havioral acts such as swimming, feeding,
defensive withdrawal, and simple learn-
ing (1, 2). ,

A microelectrode search for the neu-
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Fig. 1. Photostimulation of nerve cells. (A) Simplified scheme of the experimental arrangement
for detecting presynaptic neurons. For more details on the microbeam optics, see Grinvald and
Farber (13). The structure of RGA-30 is also shown. (B) Subthreshold and suprathreshold
stimulation of the leech N sensory cell. Square pulses denote duration and relative amplitude of
laser light. Subthreshold stimulation required 75 percent light attenuation. Scale is 16 mV
(vertical) and 40 msec (horizontal). (C to E) Photostimulated action potentials from barnacle
(C), frog (D), and Aplysia (E) neurons. Scale is 40 mV and 40 msec. (F and G) Biophysics of
photostimulation. (F) Measurement of membrane resistance during photostimulation of the
leech P cell. Injected current (3 nA) is indicated by the small, periodic square pulses. (The time
constant for the resulting change in membrane potential is approximately proportional to the
membrane resistance.) Note the recovery immediately after illumination. Scale bar is 20 mV
and 100 msec. (G) Two photostimulations of the same leech N cell. The first stimulation was in
choline-substituted, Na*-free saline (scale, 4 mV and 40 msec); the second, in normal saline
(scale, 15 mV and 40 msec). . :
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