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local store and homogenized in 6 % perchloric acid with a 
polytron tissue grinder (Kinematica GmbH, Luzerne, Swit- 
zerland). After centrifugation (20,000 x g, 15 min) the clear 
supernatant was neutralized with 5 M potassium carbonate 
and recentrifuged to remove the potassium perchlorate. A 
volume equivalent to 0.4 mg of dry seed was derivatized with 
OPT and subjected to HPLC. Figure 3A shows the chroma- 
togram of fava bean and 3B that of alfalfa seed. The latter 
contained approximately 0.4% canavanine (peak 5). The 
aforementioned observations led to the following analytical 
design. 
When alfalfa seed extract (see fig. 4A) was incubated in 10 
mM Tris, pH 9.3, containing 0.7 U Mn +§ activated calf liver 
arginase (Boehringer Mannheim No. 102881) the appear- 
ance of canaline (peak 8) and ornithine (peak 9) were clearly 
demonstrated (fig. 4B). Preincubation with pyridoxal phos- 
phate prior to OPT derivatization caused a reduction of 
canaline but not that of ornithine (fig. 4c). A similar experi- 
ment conducted with fava bean extract showed only the for- 
mation of ornithine (data not shown). 
By utilizing a combination of arginase treatment, OPT deri- 
vatization and RP-HPLC it is possible to detect, identify and 
quantitate canavanine and/or canaline. The procedure is rel- 
atively rapid compared to previous methods 15, ~8, 19 and the 
two amino acids can be assayed simultaneously in the pico- 
mole range. 

3 Whiteside, J.A., and Thurman, D. A., Planta 98 (1971) 279. 
4 Rosenthal, G.A., Life Sci. 23 (1978) 93. 
5 Rosenthal, G.A., Eur. J. Biochem. 114 (1981) 301. 
6 Neurath, A.R., Wiener, F.P., Rubin, B.A., and Hartzell, R.W., 

Biochem. biophys. Res. Commun. 4l  (1970) 1509. 
7 Schachtele, Ch. F., and Rogers, P., J. molec. Biol. 34 (1968) 843. 
8 Rosenthal, G. A., and Dahlman, D. L., Proc. natl Acad. Sci USA 83 

(1986) 14. 
9 Green, M.H., Brooks, T.L., Mendelsohn, J., and Howell, S.B., 

Cancer Res. 40 (1980) 535. 
10 Prete, P.E., Can. J. Physiol. Pharmac. 63 (1985) 843. 
11 Rahiala, E.L., Kekomaki, M., Janne, J., Raine, A., and Raiha, 

N. C. R., Biochim. biophys. Acta 227 (1971) 337. 
12 Kito, K., Sanada, Y., and Katunuma, N., J. Biochem. 83 (1978) 201. 
13 Rosenthal, G.A., Q. Rev. Biol. 52 (1977) 155. 
14 Bell, E. A., Lackey, J. A., and Polhill, R. M., Biochem. system Ecol. 6 

(1978) 201. 
15 Natelson, S., Experientia 41 (1985) 257. 
16 Rosenthal, G.A., Analyt. Biochem. 77(1977) 147. 
17 Natelson, S., and Bratton, G. R., Microchem. J. 29 (1984) 26. 
18 Rosenthal, G.A., Analyt. Biochem. 51 (1973) 354. 
19 Rosenthal, G. A., and Thomas, D., Analyt. Biochem. 140 (1984) 246. 
20 Lindroth, P., and Mopper, K., Analyt. Chem. 51 (1979) 1667. 
21 Burbach, J.P.H., Prins, A., LeBouille, J.L.M., Verhoef, J., and 

Witter, A., J. Chromat. 237 (1982) 339. 
22 Rosenthal, G.A., and Dahhnan, D.L., Experientia 38 (1982) 1034. 

1 Malinow, M.R., Bardana, E.J. Jr, Pirofsky, B., and Craig, S., Sci- 
ence 216 (1982) 415. 

2 Green, M. H., and Ward, J. F., Cancer Res. 43 (1983) 4180. 
0014-4754/87/091034-0451.50 + 0.20/0 
�9 BirkhS, user Verlag Basel, 1987 

How to grow a tropical national park: basic philosophy for Guanacaste National Park, northwestern 
Costa Rica 

1 All tropical regions should have national parks, rather 
than have national parks occur as historical afterthoughts, 
or as emotional reactions to the last fragments of a dwindling 
majesty. Today, for many very large areas of the tropics, the 
possession of a national park requires a philosophy and tech- 
nology of park reconstruction, of restoration ecology. That 
is to say, a national park is up there along with schools, 
public health, electrical services, etc.; it can be put in place, 
and for the same reasons. 

2 Given that a major habitat is to be restored into a National 
Park as part of its preservation process, to which vegetation 
types shall we restore it? 
a) There are many possibilities, and if they have an endpoint 
in common, it is tens of centuries down the road (e.g., wind- 
vs vertebrate-generated forests invade abandoned pastures) 
b) What kinds of habitats will give the highest yields of 
biodiversity preservation? What kinds of habitats will make 
the park the most user-friendly (community involvement 
value, recreational value, interest-generating value, example 
value, seed and gene stock value, tourist income value, water- 
shed value)? 
c)What are the degrees of irreversibility of the various habi- 
tat possibilities (can introduced species be eliminated, what 
life forms are hard to remove or control)? 
d) The existence of restoration alternatives calls for a whole 
new level of action and decision-making presently absent 
from the planning and realization of tropical national parks. 

3 Why are we restoring a tropical dry forest national park? 
a) Because there is no pristine vegetation left of this major 
forest type (it once occupied more than half of the tropics), 
and the vegetation remnants are being rapidly obliterated. 

Less than 2% of the western Mesoamerican dry forest (it 
once occupied an area the size of France) is even approxi- 
mately intact, and 0.09 % has conservation status, In a few 
areas, such as the one occupied by Guanacaste National 
Park (GNP), there are sufficient population and habitat frag- 
ments to fully restore the 700 km 2 dry forest block and its 
rain forest refuges. 
b) Because this is the only way to conserve the approximately 
30,000 species of insects, 500 birds, 3,000 plants, 160 
mammals and 200 herps that occupy the GNP area. 
c) Because by returning introduced and artificial grassland 
pastures to forest, we eliminate the risk that the forest will be 
roasted off the map by human-generated fires; virtually all of 
the fire problem originates in the pastures and then moves 
into the forest. 
d) Because the active process itself allows 
1. explicit construction of a user-friendly biological system 
and 
2. community participation in the planning of the structure 
itself, and in the mechanics of its growth, thereby engen- 
dering a desire to retain it aside from its innate or taught 
attractiveness. 

4 .The tropical dry forest is 40 90 % as species-rich as is the 
rainforest (e.g., 2800 species of moths at one light over the 
year). However, the dry forest once covered more of the 
tropics than did rainforest. It species are not replicated in the 
rainforest, and its habitats and life forms are not either. 

5 The restoration process can proceed at minimal cost and 
management, through nothing more than stopping the hunt- 
ing and the fires. Or, it can be speeded up in proportion to the 
amount of money that someone wishes to invest in labor or 
minimal technology. 
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6 GNP will be highly zoned, a distinctive mosaic, and sensi- 
tive to the fact that conservation of dry forest ecosystems and 
species is a number one priority, with user-friendly education 
development as a collaborative priority. A major reason why 
the park must be large is to allow zoning such that the pieces 
are large enough to fill their respective functions. 

7 A dry forest park needs to be large because dry forest is 
extremely heterogeneous, and large size is needed to encom- 
pass enough internal small pieces to add up to a sufficiently 
large area for any given habitat to survive. 

8 The entire Costa Rican community, from President Arias 
to the owners of small farms, are for GNP. 

9 GNP is on horrible farm and ranch land, so essentially 
nothing is being taken out of production. It sits, however, 
immediately adjacent to very good farmland. So, we have an 
agricultural paradise but green intellectual hell, sitting next 
to one of the most complex libraries on earth. This will be a 
commonplace situation in the tropics. 

10 A major function of the educational development of 
GNP is to short-circuit the long and tortured route of biolog- 
ical information flow from the tropics to the temperate zones 
and back to the tropics. The short-circuiting is done by field 
biology education to groups ranging from kindergarten 
through adult civic groups, as well as to research apprentices 
and foreign visitors to the area. The primary audience is 
local, however. The educational information is generated by 
the national and international research community, and the 
information flow almost entirely by Costa Rican talent. 

1 ! While conservation must be based in education, it cannot 
be based in just any haphazard education. Certainly tech- 
nical training is only a tiny fraction of this educational pro- 
cess. The goal is to put natural history back into the human 
repertoire. We are bioculturally deprived, we are as color- 
blind. 

12 The basic value of researchers to a national park is to 
a) produce the raw materials that will be used in the educa- 
tional development of the park, and 
b) on demand or voluntarily provide experiments, opinions 
and data to aid the park managers with practical problems. 

13 This generation of the academic community has to step 
out aggressively and supplement the traditional conservation 
forces operating in the tropics, or the next academic genera- 
tion won't have it to worry about. My thesis research area is 
today a sugar cane field, and the forests in which I learned 
about tropical biology are cattle pastures. A massive input of 
$ and brains and time has to be infused, and this will require a 
collaborative effort from the graduate student to the college 
president. That is to say, the effort has to be legitimized. 

14 The tropical forestry industry has long overlooked the 
extremely diverse opportunities in forest product devel- 
opment using native trees. This has occurred in large part by 
the lack of research on the biology of tropical tree natural 
history and by the failure of the esoteric research community 
to aggressively divulge what it knows. This problem is espe- 
cially acute with respect to understanding what it takes to 
grow native timber, firewood, etc. trees (e.g., Enterolobiurn, a 
major local timber tree, displays extreme resistance to 
drought). 

15 At the time that much dry forest was cleared, timber was 
cheap (and much of it was simply burned to get it out of the 
way). This leads to the modern illusion that dry forest does 
not grow a high volume of valuable timber. Furthermore, on 
today's markets, that dry forest timber is much more valu- 
able than when the land was cleared, and is becoming even 
more so. 

16 Don't  waste resources on the living dead. While it is 
gut-wrenching to see the last fragments of habitats, and 
animal and plant populations being cleared out of large ex- 
panses of heavily agriculturalized areas, it is not a wise allo- 
cation of scarce resources to desperately try to hold on to 
them. Triage is a harsh fact of today's conservation scene. 

17 That is to say, the figures of X% loss per year are ex- 
tremely deceptive. The loss is not distributed evenly over all 
habitats, but proceeds from habitat to habitat, and thus the 
short-term rate of species loss is much greater than if all were 
being nibbled at equally. Dry forest goes before rainforest; 
flatland forest goes before montane forest; forest on good 
soil disappears faster than forest on poor soil does. The 
conservationists are wreaking havoc with their statements 
that 'about the area of the US remains in tropical forest' - 
that area is in many pieces, and as each piece goes under, so 
does an array of species. 

18 Stop the 'blame the hamburger connection' chant. The 
tropical conservation story has been co-opted by the radical 
community to which the act of protest is often more inter- 
esting and important than whether the protest is actually 
relevant to the problem at hand, or whether it actually has 
potential to alleviate the problem. The US public can handle 
a more sophisticated understanding of the tropics than is 
being presented to it. If cattle are eliminated as a crop, then 
some other crop will be grown, be it traditional (rice, cotton, 
sorgum, etc.) or a new crop for which a Nobel prize is given. 

19 The tropical decision-makers for 20-40 years hence are 
sitting in the schools right now, a captive audience. Academ- 
ics, your profession is teaching. 20-40 years from now is 
when the crunch is going to hit. Your mission is obvious. 

20 Many tropical undeveloped countries are in fact devel- 
oping very fast. Lets not worry about how their economic 
development can be brought about - there are many minds 
already focused on that. Lets worry about the intellectual 
development of its peoples, and specifically their under- 
standing of the biological world beyond fields and pastures. 

21 We cannot base the preservation of the tropics on a cash 
base alone. The cash value of forest, etc. will not carry it 
through market fluctuations. There has to be a social senti- 
ment to serve it in the idiosyncratic crunch events, events that 
escape in one way or another from market control for even a 
very short time. The difference between the natural world 
and human goods and services is that when a Wall Street blip 
erases fortunes, companies and individuals, they can be 
restored (if you wish) in a few days to a generation; biological 
systems erased are extinct and cannot be recalled or recon- 
structed. 

This project desperately needs funds for the initial purchase of the mar- 
ginal farmland on which to grow the park, and for a minimal endowment 
for annual management costs. All donations are tax-deductible and 
should be mailed to Nature Conservancy-G uanacaste Fund, 1785 Massa- 
chusetts Ave., NW, Washington, D.C. 20036, Detailed additional infor- 
mation may be obtained from D.H. Janzen, Department of Biology, 
University of Pennsylvania, Philadelphia, PA 19104 (215-898-5636). 

Daniel H. Janzen 
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