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Cacti grow smaller in cold environments

and larger in warm ones

One of us has spent our entire adult 
life in New Jersey, hence is the far 
more proficient gardener, including 
of winter-hardy cacti. Experience 
and familiarity build expertise. The 
other of us has been more itinerant, 
having first started an outdoor cac-

tus garden in Washington D.C., then started all over 
in southern New Mexico, then started again in south-
ern Arizona (which was a fabulous garden), and final-
ly, in 2006, tried to figure out how to grow cacti out-
doors year-round in Ontario, Canada. Consequently 
the itinerant one of us is not a good gardener. You 
have to work hard to grow cacti outdoors where tem-
peratures routinely plummet to -30° C (-22° F) each 
winter, providing superb drainage and as much sun as 
possible.

One of us lives in Cherry Hill, in southern New 
Jersey, which is in climate zone 6b, although was 
previously considered to be in zone 6a before recent 
climate change. The 2° C (3.6° F) increase in mean 
annual temperatures since 1895 has been ascribed to 
the Gulf Stream moving closer to shore as the Arctic 
ice cap melts (Mufson et al. 2019). “The average New 
Jersey temperature from December through February 
now exceeds 0° C (32° F), the temperature at which 
water freezes. That threshold [was] reached over the 
past three decades” (ibid.). Climate-Data.org reports 
the average temperature of Cherry Hill for December 
through February as +0.9° C (+34° F). See Table 1 for 
climate data. Even without the Gulf Stream moving 
closer to shore, New Jersey still has the moderating 
effect of the Atlantic Ocean on temperatures. South-
ern New Jersey is also basically a giant sandbar — the 
Coastal Plain — that was under the ocean until a few 
million years ago. The coarse sand of the Mount Lau-
rel Sands (Lewis & Kümmel 1915) provides superb 
drainage, but over-topped with a layer of clay near the 

1email: root.gorelick@carleton.ca

aptly named town of Marlton (“Marl-town”), with 
an average annual amount of precipitation of 113 cm 
(44.5 inches). 

The other of us has a cactus garden in North 
Kawartha, in southern Ontario, which is in zone 4b, 
which has been one of the places on the globe that has 
not experienced increased mean annual temperatures, 
at least not in the past century. Weather data is from 
Apsley, which is 20 km from the author’s garden and 
is the only town in the Township of North Kawar-
tha. The average temperature in Apsley from Decem-
ber through February is -8.4° C (+17° F) and aver-
age annual precipitation is 87 cm (34 inches), which 
is only three-quarters of the precipitation in south-
ern New Jersey, with much of it in the forms of snow 
and frozen rain in Canada (Climate-Data.org). In 
this part of southern Ontario, drainage is provided by 
growing plants in river gravel that we placed on top of 
native Precambrian bedrock of the Canadian Shield 

— more specifically, on the Central Metasedimentary 
Belt of the Grenville Geological Province (Macqueen 
1998) — on a relatively steep slope. Soils are extreme-
ly thin, and sometimes non-existent, over gneisses and 
metasedimentary rocks that were scoured as recent-
ly as 10,000 years ago by retreating Pleistocene gla-
ciers. This locale is far enough from the Great Lakes 
(100 km north of Lake Ontario and 150 km east of 
Georgian Bay off of Lake Huron) to not have any real 
effects of temperature moderation, especially because 
the Great Lakes freeze in winter. Overall, over the 
course of a year, the average temperature difference 
between our gardens in New Jersey and Ontario is 7° 
C (+13° F) (Climate-Data.org, n.d.).

For one of us, moving to Canada came as a shock 
when cactus plants showed up as purchases, trades, 
or gifts. Robust healthy plants would arrive and —
those that survived the winters — would gradual-
ly shrink over time. Even after figuring out how to 

Table 1. Average weather data (from Climate-Data.org). Differences are NJ minus ON. 

annual temp Dec–Feb temp annual precipitation
Cherry Hill, NJ +12.2°C (+54°F) +0.9°C (+34°F) 113 cm

North Kawartha, ON + 5.2°C (+41°F) -8.4°C (+17°F)   87 cm

difference     7.0°C (+13°F)  9.3°C (+17°F)   26 cm
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grow cacti in this harsh environment where the local 
lakes remains frozen until around late April (this past 
year, ice did not go out until 3 May) and where night-
time temperatures start falling below freezing in early 
October, healthy cacti, even cacti that seemed intrin-
sically small, would continue to get smaller over the 
their first three years, including getting smaller dur-
ing the growing season when they were first placed 
outdoors. In other words, shrinking did not require an 
autumn or winter. This included shrinking of individ-
ual shoots of all species of Echinocereus, Coryphantha, 
Pediocactus, Opuntia, Maihueniopsis, and Maihuenia. 
The clumps might get larger by offsetting, but indi-
vidual shoots gradually shrunk for a few years. This 
was disconcerting at first, making it seem like one of 
us was an utterly inept gardener — which probably is 
partly true — with the reward that the plants even-
tually had denser spination and looked more like the 
stressed out individuals one often sees in the field.

This effect was reversible. If plants that had been 
grown outdoors in southern Ontario were subsequent-
ly moved to the heated greenhouse in Ottawa or back 
to New Jersey, individual shoots would get large again, 
with larger internodes (the vertical space between 
consecutive areoles). Given that the greenhouse is at 
the same latitude as the outdoor garden in Ontario, 
the change in size cannot be attributed to latitude and 
relative angle of the sun.

Table 2 reports shoot measurements of height, 
width (diameter), and ratios between the two locales 
of three plants, which were cuttings that we traded 
between New Jersey and Canada. We also included 
paired photos to show qualitative difference in inter-
node lengths (Figs 1–3). On average, shoots are three 
times as tall and twice the diameter in New Jersey 
than in Ontario. The height and width measurements 
reported here are conservative, reflecting only one 
season of growth after transplant to a new locale, i.e. 
between relocation in early June to a second measure-
ment in early to mid September of that same year. It 

1a. Echinocereus reichenbachii var. baileyi. For 
all figures, a = Cherry Hill, New Jersey; b = North 
Kawartha, Ontario. Scale bars are in inches.

1b. Echinocereus reichenbachii var. baileyi.

Table 2: Sizes of shoots in New Jersey versus Ontario.

height (cm) diameter (cm) ratio
NJ ON NJ ON height diameter

Echinocereus baileyi 13.0 4.4 5.7 3.3 3.0 1.7
Coryphantha missouriensis 5.1 1.3 5.1 2.2 4.0 2.3
Pediocactus knowltoniii 4.4 1.3 1.9 1.3 4.0 1.5

In the instances of Echinocereus reichenbachii var. baileyi and Coryphantha missouriensis, cuttings were relocated 
from New Jersey to Ontario. In the instance of Pediocactus knowltonii, the cutting was relocated from Ontario 
to New Jersey. Measurements were taken three months apart, in early June and early to mid September of the 
same year. Ratios are NJ/ON.
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usually takes three seasons, not just three months, to 
see the full effect of either shrinking or increasing in 
shoot size after relocation to a different locale.

This is too small of a sample size with insuffi-
cient controls to be definitive. Yet it hints at a general 
effect that has been documented once before, anec-
dotally by Del Weniger (1969), for two closely related 
species of Echinocereus, E. coccineus and E. triglochidi-
atus. Regarding E. triglochidiatus var. gonacanthus from 
White Sands National Monument in southern New 
Mexico, which are typically huge shoots in the field, 
often a half-meter tall (which are absolutely worth 
seeing), Weniger (1969: 38-39) wrote, “[C]actophile 
friends in Albuquerque and Colorado showed me 
what had happened to specimens in their gardens. In 
one case, during one year in their gardens, stems 12 
inches or more tall when collected had shrunk to half 
that size or sometimes even smaller, and then had pro-
ceeded with the slow, limited growth and branching 
seen in the northern climate.” Weniger believed that 
E. triglochidiatus var. gonacanthus was also native to far 

northwest New Mexico, which is now usually believed 
to be a different variety of E. triglochidiatus, but that 
did not affect his message. We encourage others to 
test this effect of cold climates and higher latitudes 
putatively shrinking shoot size and warm climates and 
lower latitudes increasing shoot size of cacti, a reverse 
of Bergmann’s rule for mammals and birds, to see how 
widespread this effect is amongst cacti.
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