
not all) are not ready to do the rigorous ver- 
sion in the first year they take calculus. A 
reality one of us (D.J.L.) notes is that cur- 
rent calculus students are much different 
from those of 25 years ago. The reform cal- 
culus methods work to address this new con- 
stituency more so than the potential math, 
physics, and engineering majors, who often 
place out of first-year collegiate calculus. It 
is hoped that future reform efforts will also 
increase the focus on these advanced place- 
ment students. The quote "losing math ma- 
jors left and right" (attributed to D.J.L. in 
the Random Samples item) referred to the 
possible consequence of not doing so. 

Although the three of us have varied 
types of involvement in the calculus reform 
movement, we all agree that there are many 
issues to be considered in the successful edu- 
cation of undergraduate mathematics stu- 
dents. It is therefore important for the math- 
ematics community to work together to bet- 
ter understand the impact of various teaching 
methods. Studies such as that done at the 
National Science Foundation (by S.L.G.) 
are designed to further improve the under- 
graduate curriculum. The full report on this 
work, which will be widely distributed upon 
completion later this year, will include in- 
formation on student performance and atti- 
tudes, faculty reactions, retention, and other 
areas of impact. We hope that mathemati- 
cians and other educators will use it as a re- 
source for further discussions about curricu- 
lar excellence in undergraduate mathemat- 
ics education. 

Susan L. Ganter 
Department of Mathematical Sciences, 

Worcester Polytechnic Institute, 
Worcester, MA 01 609, USA 

E-mail: sganteawpi .edu 
D. J. Lewis 

Division of Mathematical Sciences, 
National Science Foundation, 
Arlington, VA 22230, USA 

Deborah Hughes-Hallett 
Department of Mathematics, 

Haward University, 
Cambridge , MA 02 1 38, USA 

Math and Science Literacy 

I am confused by the article "Northern Eu- 
rope tops in high school" by Gretchen Vogel 
(News, 27 Feb., p. 1297). I don't understand 
the table "Mathematics and science literacy." 
Why is Austria, with a mean score of 5 19 in 
the "significantly above" group, while Aus- 
tralia, with a mean score of 525, is in the 
"average" group? Hungary, with a score of 
477, and the Russian Federation, with a 
score of 476, are both in the "significantly 
below" group, while the Czech Republic, 

with a score of 476, is in the "average" group. 
Also, I don't understand the amusement ride 
question (if A is correct, why?). 

L. Caldbeck (age 14) 
Victoria, British Columbia, Canada 

Response: The Third International Math- 
ematics and Science Study report included 
Australia and the Czech Republic in the 
"average" group because their raw scores 
had relatively large statistical error bars. 
Their scores are not significantly different 
from those of countries in the international 
average group. The correct answer to the 
example problem is A. The arrow pointing 
down represents gravity, the arrow point- 
ing up represents the force of friction due 
to the "roueh wall" described in the   rob- - 
lem, and the arrow pointing toward the 
center of the circle represents the centrip- 
etal force exerted by the wall that keeps 
the rider moving in a circle. Readers who 
guessed wrong are in good company; only 
20% of advanced physics students an- 
swered correctly. 

@etchen Vogel 

Fishery and Reef Management I 
Callum M. Roberts (Reports, 21 Nov., p. 
1454) uses a model of reef connectivity to 
identify beneficial management partner- 
ships and to evaluate marine reserves in in- 
tegrated networks. The model is clear and 
compelling. But, like others based on similar 
approaches (1 ), it makes one simplifying as- 
sumption-that fish lawae are dispersed 
passively by currents. However, the avail- 
able data do not support this assumption. 
All indications are that lawal reef fishes ac- 
tively influence their dispersal. Unlike many 
invertebrate lawae. reef-fish larvae are com- 
petent swimmers capable of high speeds and 
long endurance (2). Some reef-fish lawae 
can swim more than 100 kilometers in a sin- 
gle bout at speeds equal to those of ambient 
currents. Many taxa may be capable of over- 
riding passive "transport envelopes," either 
to retard or enhance dispersal (2). Field ob- 
servations suggest that lawal reef fishes can 
detect and respond to the presence of reefs 
at night and over considerable distances in 
the day (2, 3). They also exhibit a fine de- 
gree of control over the process of settle- 
ment and recruitment (4) .  We must estab- . -, 
lish a sound basis for evaluating connectivity 
between marine reserves. However, genetic 
connectivity data will not test Roberts's 
model: a few individuals a year will main- 
tain genetic links, but will not maintain 
fisheries. 

David R. Bellwood 
James Cook University, 
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Roberts uses "major surface current patterns" 
for the Caribbean region. Work in Barbados 
and elsewhere (1, 2) demonstrates that cur- 
rent patterns are highly dynamic in speed 
and direction. General circulation patterns 
do not account for the spread of a pathogen 
that decimated populations of Diadem 
a n t i h m  in the early 1980s (3). That path- 

ogen travel led inexorably upstream through- 
out the Caribbean, arriving last at Barbados. 
Larvae of many taxa, including fishes, ac- 
tively travel vertically, taking advantage of 
differential current speeds and directions at 
depth, even when they are otherwise subject 
to passive transport (4). The growing evi- 
dence that reef fish larvae, in particular, 
may actively determine their dispersal is far 
stronger than Roberts hints (5). The inter- 
action of behavioral traits and local circula- 
tion can lead to retention of larvae around 
isolated islands such as Barbados and Ber- 
muda (1, 6); there is no reason to believe 
that such retention is less important at other 
downstream areas. Showing that larval ex- 
change may be possible based on mean cur- 
rent patterns is a far cry from demonstrating 
that sufficient exchange occurs to sustain 
downstream populations. 

Peter F. Sale 
Biological Sciences, University of Windsor, 

Windsor, Ontario, Canada N9B 3P4 
Robert K. Cowen 

Marine Sciences Research Center, 
State University of New York, 
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Response: The current patterns upon which I 
based my larval transport envelopes represent 
averages over long time scales. There will un- 
doubtedly be much short-term variability 
over periods of days to months, but for man- 
agement purposes, we need to take a longer- 
term view. Contrary to what Sale and Cowan 
say, my model does account for upstream 
transport. I noted that there are nearshore 
countercurrent flows along most coasts, and 
their effects are included in transport enve- 
lopes as upstream extensions. Such flows pre- 
dict that the Diadems pathogen would even- 
tuallv reach Barbados and that the island 
wouid be among the last places affected. 
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Flsh lar\ al heha\ lor, as gl~mpsed through Callurn M. Roberts 
the handful of stud~es completed to date, ap- Enttronment Department, 
pears d~\e rae  and faaclnatlng (reference 3 of Un~zers~t:, of York, 
Bellaood et a1 ) What Bellmood et a1 do not York, YO1 5DD, Cnlted Klngdom 
m e n t ~ o n  is that their o a n  research has re- Ematl crlO@?ork ac uk 
bealed such salmmlng and orlentatlon 
ab l l~ t~ea  onl) in late-stage larbae For a large References 
proportion of the dispersal phase, fish larbae 

1 D M McAll~ster F W Schueler C M Roberts 
may ha\e much less control tran5port J P Hawk~ns n Advances m Mapping the Diver 
Undoubtedl\, there be some speclea s,ty of Nature R M~ller Ed (Chapman & Hall 
mhoae b e h a ~ i o r  m111 lead to hlgh lebels of ~onc ion 1994) pp 155-175 

local retention H o a  else can me account 
for species a l t h  her) reatrlcted ranges In re- 
glons ahere reefs are h ~ g h l \  Interconnected 
b) currents ( I  ) '  But thia IS only one end of a Rapid-Wasting Disease: 
spectrum of beha\ lor, and there m111 be Pathogen or Predator? 
many other apecles ahose d~apersal \\ 111 be 
more passlbe Such hehab lors all1 result In a Reaearchers ha \e  ralsed concern about 
spectrum of transport dlstancea ranglng from the audden emergence of coral diseases and 
ahort to long the contaglous nature of many of theae d1s- 

Furthermore, \\ h ~ l e  both letters empha- eases ( I  ) A nea "d~sease" aas  recentl) Iden- 
size fiah heha\ lor, the interests of managers tified on star coral (Monmtraea annuians ape- 
extend to all of the other taxa that compose cles complex) and hraln coral (Colpoph?ll~a 
reef ecos)stems As Bell\\ood et a1 p a n t  natans) from reef5 of Bonalre, Netherlands 
out, many in\ertebrate larbae seem to habe Antilles Thla affl~ctlon has been named 
l~ t t l e  capaclty to mod~fy t h e ~ r  transport by "rapid-aasting d~sease" (RWD) hecauae of 
currents The  transport en\ elopes I descrlbe the rate of t~asue destruction (ad\ anclng 7 5 
cannot capture the detall of ~ndl\ldual ape- centimeters In 24 hours), associated a i t h  
c~es '  hehab lors hut, then, managera requlre the remo\ al of the top 1a)ers of calcium car- 
hroad guldance rather than reduction~st bonate (Random Samples, 27 June 1997, p 
complex~t) 1979) W h ~ l e  the extent of tlssue loas ob- 
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