
ciency increases in this component
compared to the rest of the Footprint.
Suitable policies may create incen-
tives to increase efficiency in this
component in the future. The current
rate of technological progress is
unlikely to be fast enough.
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The authors respond
We truly appreciate the additional
analyses conducted by Hockley et al.
to refine our projections of the Eco-
logical Footprint (EF) to 2015.
Therein lies an example of the suc-
cess of cumulative scientific effort
and the ease of bringing distant sci-
entists together via electronic com-
munication.

We generally agree with the find-
ings of Hockley et al., but do note
several points on which we disagree
with their interpretation or offer
qualifications.  In the case of the EF
itself, we disagree that it is an
impact measure in the same way
that deforestation, loss of biodiver-
sity, and desertification are impact
measures.  Instead, we interpret EF
as a hypothetical measure of stress
or load.  This is not an esoteric
point; EF is frequently criticized for
being a poor impact measure

because it does not account for eco-
system response to the stressors it
incorporates.

Accounting for technological change
has always been one of the most vex-
ing problems in understanding an-
thropogenic drivers, and we laud the
advance offered by Hockley et al.’s
analysis. Of course, as they point out,
further research is needed on both
the conceptualization and dynamics
of technology, which is a feature of
our research program and a point also
mentioned by the US National
Research Council (NRC 2005). We
would also add that improved tech-
nological efficiency can have unin-
tended consequences. As noted by
Jevons in 1865, increased efficiencies
can accelerate the rate of consump-
tion, especially if the fruits of effi-
ciency are passed on to consumers
through cheaper prices (Jevons
2001 [1865]; York and Rosa 2003;
York 2006).

Despite these considerations, we
appreciate Hockley et al.’s analysis
for its refinement of our work and
for the scientific value it adds to
the challenging issue of sustain-
ability.
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and Richard York3
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The aquarium plant trade:
missing pieces
I was very interested by Cohen et
al.’s paper (Front Ecol Environ 2007;
5[10]: 528–32), as I used to work in
the aquarium trade while a student
in Montreal. I think the method
they propose is indeed very useful for
estimating the risks posed by non-
indigeous species (NIS) in an effi-
cient, fast, and affordable way. But I
do have concerns with the method-
ology used and some of the assump-
tions made. My concerns do not in
any way diminish the quality of the
science presented. But I believe that
some important pieces of the aquar-
ium plant trade have been missed,
and that this might shift attention
away from important, perhaps even
the most important, sources of aqua-
rium-trade NIS propagules: 

(1) The authors make the assump-
tion that all plants imported for
the aquarium trade through dis-
tributors make it into stores and
are sold to customers (see Figure
2 in Cohen et al. 2007). On the
contrary, a large proportion of
these plants will never be sold to
customers, and will be disposed
of long before reaching home
aquaria. Plants arrive at distribu-
tors’ warehouses in varying con-
ditions, requiring pruning and
discarding of unhealthy-looking
whole individuals or plant parts.
Although any distributor’s goal
is to sell plants as fast as he or
she can, many will decay under
their care, producing even more
“waste” plants. The same applies
to the plants that do make it into
stores. I would estimate this
“waste” to be very large; even a
50% figure would not surprise
me. Sadly enough, this has been
demonstrated for fishes and other
animals in the pet trade, and
even for wild-caught coral reef
animals. One can only guess that
the situation is at least as bad for
plants.

From Cohen et al.’s paper we
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have no information on the pro-
portion of plants that are dis-
carded by distributors and stores,
and the methods they use for dis-
posal. This is unfortunate, as a
sizable portion of introduced
propagules is probably concen-
trated in the hands of very few
individuals. If actions are to be
taken to reduce propagule pres-
sure, it should start there.

(2) The authors assume that the
entire aquarium plant trade passes
through the hands of aquarium
store owners. This used to be true,
until the recent, rapid develop-
ment of outdoor ponds in the
Montreal region and elsewhere.
A large proportion of “aquarium
plants” are now sold for outdoor
ponds, and that has shifted some
of the business to garden centers,
which the authors did not survey.
This is important, as one might
expect the owners of outdoor
ponds to have very different pur-
chase and disposal habits than
(indoor) aquarium owners. But,
perhaps more importantly, being
outdoors, the plants are also
exposed to other, more classical
means of dispersal, such as birds
and mammals.

I was just getting my old aquarium
started again for my daughter when
Cohen et al.’s paper came out. I am
now left with the hope that things
have improved in the aquarium trade
since my time, and a better, more
nature-friendly shopping list for plants!

Alain Paquette
Centre d’étude de la forêt, Université
du Québec à Montréal, Montreal, QC,
Canada
(alain.paquette@gmail.com)

The authors respond
Paquette suggests several modifica-
tions to our method for estimating
propagule pressures for NIS from the
aquarium plant trade. First, he asserts
that a large proportion of plants are
discarded by distributors and store
owners before they can be sold to cus-
tomers. Plants discarded by distribu-
tors do not contribute to our measure
of propagule pressure. The aquarium
plant distributors and store owners we
interviewed for this project indicated
that they discard any dead or
unhealthy individuals in the trash. In
our analysis, we considered plants
thrown in the trash to have no chance
(P = 0) of reaching the St Lawrence
Seaway. As such, our estimates began
with distributor accounts of how
many of each species are sold to store
owners, not how many the distribu-
tors purchase themselves. 

Based on Paquette’s suggestion, we
decided to improve our overall esti-
mate of propagule pressure by esti-
mating the quantity of plant propag-
ules discarded by store owners. We
re-interviewed store owners using a
phone survey and asked them to esti-
mate the annual percentage of
aquarium plants that they receive
from the distributor but must discard
before selling. We then averaged

those estimates to generate an over-
all estimate of the proportion of
plant propagules that do not reach
customers. We estimate that 8.8% of
plant propagules are lost through
this pathway, reducing our estimate
of the total number of propagules
from 3015 to 2750. 

Paquette also suggests that many
of the plants purchased for home
aquaria are not bought from stores.
We discovered during our interviews
with aquarium store customers that a
growing number of individuals pur-
chase plants from vendors over the
internet. We also acknowledge that
a growing number of patrons pur-
chase plants for outdoor ponds, and
that garden centers have responded
to the increased popularity of these
ponds by providing plants them-
selves. These represent alternative
pathways into the St Lawrence, and
we suggest that they should be quan-
tified in future studies. The approach
developed in our paper and analysis
of customer behavior should be use-
ful for examination of these and
other pathways.
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