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INTRODUCTION

The Brady pincushion cactus (Pediocactus bradyi) was listed endangered under the Endangered
Species Act on November 26, 1979 (44 FR 61784). On the Navajo Nation, it is considered to be in
danger of extinction due rarity and population declines, and therefore is included in Group 2 of the
Navajo Endangered Species List (17 N.N.C. §507). Compounding the vulnerability caused by its
rarity, there are well established human-based impacts to this species. Illegal collecting is considered
one of the most substantial threats to this cactus. It has been regarded as one of the most desired cacti
in the world for ornamental purposes (Phillips et al. 1979). However, on the Navajo Reservation,
negative impacts on Brady Pincushion cactus populations have been mostly caused by off-road-
vehicle traffic, livestock trampling, herbivory, and the development of roads along with traffic
associated with tourism (Roth 2004).

Brady pincushion cactus is found only on soils derived from Moenkopi shale overlain with Kaibab
limestone chips within the Great Basin desertscrub community (Brown 1982). The habitat is restricted
to the Colorado Plateau at about 1200 meters elevation near Marble Canyon (Phillips et al. 1979). The
Navajo Nation, the Bureau of Land Management, and the Glen Canyon National Recreation Area
share responsibility for managing the Brady pincushion cactus.

Since 1991, the Navajo Natural Heritage Program has closely monitored a population of Brady
pincushion cactus near Jackass Canyon, which is relatively close to highway 89. Cactus humbers in
this population have declined dramatically since the early 1990s, and much of the mortality has been
connected directly to human impacts; the location is a popular undeveloped viewpoint for sightseers,
and in the mid 1990s a major motion picture was filmed onsite, without regard to the presence of an
endangered species.

In 2009 a second, much more remote, monitoring site was established to compliment the Jackass
Canyon site. Together, these two sites represent the range of realistic human impact levels that most
Brady pincushion cactus populations experience on the Navajo Nation; some sites, like the Jackass
monitoring site, are quite close to highways, homesites, or other human development. Many other
sites, like the new Cave monitoring site, can only be accessed by long dirt road drives and are
infrequently visited by humans.

This monitoring report summarizes five years of demographic data collected from a population of
Brady pincushion cacti located in a remote location on the rim of Marble Canyon. Despite its
remoteness, or perhaps because of its remoteness, this location is used as a primitive campsite from
time to time. This report presents demographic information, population trends, and a threats analysis
for the cactus population located within and around the campsite, and compares it to similar data
collected from the cactus population located on a nearby ridge that has little evidence of direct human
impact.

Goals of these monitoring activities are to record long-term changes in both populations, seek
correlations between those changes and external factors such as climate and human impact on the
habitat, and eventually assess the long-term viability of Brady pincushion cactus as a species.
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RESULTS

Population Size

A total of 159 cacti were recorded in the seven plots
over the 5 years of monitoring. Of these, 131 were
recorded on the ridgetop and 28 were recorded at the
campsite. Thus cactus density is much higher on the
ridgetop, with an average of 0.56 cacti per square
meter, compared to 0.09 cacti per square meter in the
campsite.

While cactus density is much lower in the campsite,
the population trend was much more stable. Number
of cacti recorded in the campsite each year varied
from 21 to 24, with the most recent year representing
the highest number to date. In contrast, the ridgetop
population has been in steady decline, from 121 cacti
in 2009 to 84 cacti in 2014 (Fig. 1, Table 1). This
translates to a ridgetop loss of 7.4 cacti per year, on
average.
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Table 1. Total number of cacti, total number of stems, and

monitoring plots from 2009 to 2014. For the total number
assumed to be one cactus.
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No. Cacti No. Stems No. Reproductive Stems
Year Ridgetop Campsite Ridpeto D Campsite Ridgetop Campsite
2009 121 23 3 31 47 9
2011 111 23 5 26 36 4
2012 96 21 2 25 60 17
2013 96 22 107 26 43 18
2014 84 24 96 30 22 8

Table. 2. Mortality observations in 3 ridgetop and 4
campsite monitoring plots from 2009-2014. If a cactus
cannot be found for 3 years, it is assumed to be dead.

Type of Mortality Ridgetop = Campsite
Observation

Observed Dead 43 1
Not Found 3+ years 4 3

(assumed dead)

Not Found <3 years 4 1
(assumed alive for now)

Size Classes

Mean stem diameter for the ridgetop cacti ranged
from 2.4 cm to 2.8 cm throughout the 5 years of
monitoring (Fig. 2a). Stem diameter for the
campsite cacti was slightly higher, ranging from
2.8 cmto 3.2 cm. Fluctuations in stem diameter
from year to year can be attributed to the natural
expansion and contraction of the cactus stems in
response to climate conditions. There were no
major germination events during the monitoring
period to add small diameter cacti to the population
(Fig. 2b, 2c). Mortality affected all size classes
evenly in proportion to the overall population; the
mean diameter of cacti in their last year of life
remained within 0.2 cm of the mean stem diameter
in the overall population for each year of the study.
At both subsites, the majority of cacti had stem
diameters between 2 cm and 3.99 cm. It is notable
that the smaller size class of 1cm — 1.99 cm was
represented in the ridgetop population but was
nearly absent in the campsite population.

Fig. 2. Stem diameter and size class distribution of
Brady Pincushion cacti as measured in 3 ridgetop and 4

campsite monitoring plots.




Vigor

Vigor was high (good or excellent) for most cacti
throughout the study, both on the ridgetop and in
the campsite (Fig. 3). Mean vigor was lowest in
2011, when 27 stems (17% of the monitored
population) were assessed as having fair or poor
vigor. Of these 27 stems with fair or poor vigor, 15
died before the 2012 monitoring, and 4 more died
in subsequent years.

Reasons for assessing a cactus as having fair or
poor vigor include discoloration (usually yellow to
orange spots or overall coloring), a shriveled
appearance, or physical damage. Discoloration is
the most common reason for assessing low vigor.

Reproductive Effort

Reproductive effort fluctuated widely from year to
year. The reproductive segment of the population
(i.e. stems that were observed with flowers and/or
fruits at the time of the monitoring visit), varied
from 25% to 57% (Fig. 4, Table 1). In 2009 and
2014, a majority of flowers in both the ridgetop
and campsite subpopulations self-aborted (Fig. 5).
Reproductive effort and success was highest in
2012 and 2013 (Figs 4 and 5). In both of these
years, the campsite population flowered at a higher
rate than the ridgetop population.

Fig. 3. (a) Mean vigor for Brady pincushion cactus in 3
ridgetop and 4 campsite plots from 2009-2014; (b)
number of cactus stems in 4 campsite monitoring plots
that were classified as excellent, good, fair, and poor
vigor classes; and (c) number of cactus stems in 3
ridgetop monitoring plots that were classified as
excellent, good, fair, and poor vigor classes

Fig. 4 (left). Reproductive output of Brady pincushion
cactus in (a) 3 ridgetop monitoring plots and (b) 4
campsite monitoring plots, reported as mean number of
reproductive structures per stem in the and coded by
according to whether the flowers or fruits appeared
healthy and likely to set seed, or if they had aborted at
the time of the monitoring visit.




plots, reported as mean number of reproductive structures per sfem in the and coded by according to whether the flowers

Fig. 5. Reproductive output of Brady pincushion cactus inl(a) ridgetop monitoring plots and (b) 4 campsite monitoring
or fruits appeared healthy and likely to set seed, or if they lad gborted at the time of the monitoring visit.

Precipitation

Annual precipitation remained below average for
all years except for the 12 months preceding the
2011 monitoring visit (Fig. 6). Of the 12 inches of
rain that fell in that year, 5 inches fell in October,
the result of a tropical storm that made landfall.
Analysis of long-term monitoring data from other
regional rare cactus populations suggests that
reproductive output correlates closely with the
amount of precipitation that falls during the cool
season preceding the flowering period (Hazelton
2013). Though October is considered a cool-
season month, the relationship between
precipitation and reproductive output is strongest
when October is omitted from the precipitation
total. It seems that rain falling in October is too
early to affect spring flowering rates.

In this study, cool-season (Nov-March)
precipitation significantly predicted population
reproductive rate, measured as average number of
non-aborted reproductive structures per stem (Fig.
7). Cool-season precipitation predicted 77% of the

variability in the population’s reproductive rate (i.e.

R?=0.77).
No relationship could be detected between stem
mortality and precipitation (not shown).

Fig. 6. Annual and winter precipitation at Paria Point,
AZ, for monitoring years 2009 - 2014. The annual
precipitation totals were calculated from the 12 months
(April- March) preceding the monitoring visit. The
winter precipitation totals were calculated from the
November- March preceding the monitoring visit.
Precipitation data from Western Regional Climate
Center.




Fig. 7 (left). Average reproductive output of P. bradyi
in 7 monitoring plots, as a function of cool-season
precipitation during November though March preceding
the sampling season. Aborted flowers and fruits were
not included in this calculation. The best fit line was
fitted using a simple linear regression model y =y, +ax.
The relationship between the two variables, represented
as a in the model, was statistically significant (P< 0.01)

DISCUSSION
Demographic trends in the ridgetop and campsite populations

The first five years of monitoring the “Cave” population of Brady Pincushion Cactus paint an interesting
picture of one population segment on the decline and another holding steady, probably following a previous
decline. The ridgetop subpopulation, which has not been subjected to prolonged human disturbance, had
higher cactus density and a greater proportion of small size classes (<2 centimeters diameter), which indicates
somewhat recent recruitment. Warren (1993) reports that 2 centimeters diameter individuals of Pediocactus
paradinei are approximately 10 years old, and Spence (1993) suggest that P. bradyi has a similar growth rate.
Though some recruitment was evident in the ridgtop subpopulation, numbers still declined over the 5 years of
monitoring due to high mortality. Based on the limited data so far, it appears improbable that the population is
recruiting at a rate to replace the losses. Recruitment is difficult to detect in Brady Pincushion Cactus, because
seedling cacti are tiny and incredibly difficult to find. It has been hypothesized that seedling P. bradyi remain
underground for their first 2 years of life (Spence 1993, citing Brack pers. comm. 1993). Seedlings smaller
than 1 centimeter diameter are sometimes detected, but this generally happens when these seedlings are
immediately adjacent to an adult plant. The surveyor is able to spot the seedling only because she is closely
examining the parent plant. The only seedlings less than 1 centimeter in diameter recorded in this study were
in 2013, when 3 seedlings were recorded in the ridgetop plots. Unfortunately, one of these seedlings was
found dead in 2014, and the other two were not found in 2014.

The source of the population’s recent high mortality is uncertain. In 2012, horse tracks were observed
throughout the ridgetop plots. There is solid evidence that these feral horses trampled 2 of the cacti, and there
is a distinct possibility that they were responsible for additional mortality. P. bradyi habitat is rocky, so horse
tracks will not always be visible. Similarly, a few cacti were observed as hollow and were likely killed by
insect infestation. But overall, cacti were simply dead or missing. Drought seems like a probable cause for
much of the mortality.

The campsite plots, on the other hand, did not experience the steep mortality of the ridgetop plots. The density
of cacti is so low in this subpopulation, that it is reasonable to hypothesize that there was a thriving population
here sometime in the past, but human foot and and vehicle traffic killed many of these cacti long ago. The
majority of the cacti in these campsite plots are located in protected locations underneath shrubs or adjacent to
large rocks. This is not the case on the ridgetop— up there most of the cacti grow out in the open, and are not
protected by shrubs or rocks (see Figs 8 and 9).

In the campsite plots, there have been only 2 cacti smaller than 2 centimeters diameter found throughout the 5
years of monitoring, indicating almost no recruitment in the recent past. This lack of recruitment may be
related to the ongoing disturbance, and possibly the legacy of soil compaction from vehicles and human
trampling. Possibly this subpopulation is now so sparse that cross-pollination and seed set have become
uncommon.




Fig. 8. One of the campsite plots in 2012. Each flag marks a cactus or cluster of cacti. Most of the
cacti are protected by a shrub, bunchgrass or rock. The two-track road and campfire ring are
behind the photographer.

Trends in reproductive effort from year to year were similar between the two subpopulations, and highly
correlated with winter precipitation. This correlation is consistent with other rare cacti in the region,
including Mesa Verde Cactus (Hazelton 2013), and the other Brady Pincushion Cactus population that is
monitored on the Navajo Nation (Hazelton in prep). Unfortunately the measure of reproductive effort used in
this monitoring protocol only measures the cacti’s attempts at reproduction from year to year. While there
were high rates of flowering and fruiting in 2012 and 2013, it remains to be seen if this effort will ever
translate into successful germination and seedling establishment.

Long term viability of Brady Pincushion Cactus

Long-term monitoring of P. bradyi has been conducted since the early 1990s on land managed by the Bureau
of Land Management, National Park Service, and Navajo Nation. Data sets from Navajo Nation and NPS
both indicate strongly negative population growth rates, with mortality outpacing recruitment (Spence
unpublished data, Roth 2008, Hazelton unpublished data). For example, data from the Jackass Canyon
monitoring site on the Navajo Nation show an approximately 40% loss of cacti between 1991 and 2014. In
contrast, BLM data shows much more stable populations, with an average population growth rate of 0.978,
calculated using18 years of data at 4 monitoring sites (Shryock et al. 2014). A population growth rate of 1.00
corresponds to a stable population, while a growth rate less than 1.00 indicates that the population is
shrinking. So although the BLM populations are considered to be relatively stable, they are indeed declining,
albeit at a much less dramatic rate.

Fig. 9. One of the ridgetop plots in 2012. Each flag marks a cactus or cluster of cacti. The majority of the cacti
are in open locations, not under shrubs.




Shryock et al.”s population viability analysis is much more sophisticated than any analysis that’s been done
with National Park Service or Navajo Nation data to date, and lends a certain amount of perspective to the
other two data sets. For example, Shryock et al.’s analysis shows that it took 14 years of monitoring data
before the confidence interval for the population growth rate did not overlap 1.00. In other words, until 14
years of data were included in the model, there was statistical uncertainty as to whether the population was
increasing or declining. This should be kept in mind when interpreting the 5 years of monitoring data reported
for “The Cave” monitoring site. The reason for this uncertainty, besides the basic statistical limitations of
measuring samples rather than censusing a population, is that P. bradyi and many other non-clonal cacti

in the region are known to recruit only sporadically, in response to exceptional precipitation events (Coles et
al. 2012, Godinez-Alvarez et al. 2003, Shryock et al. 2014). It’s clear that the Marble Canyon area has not
experienced one of these exceptional precipitation events since the start of the Cave monitoring in 2009.

Regardless of the length of the data sets, all data point to a decline in numbers of this species, and the causes
are not completely clear. Recruitment appears to be a problem, and mortality is uncomfortably high and not
always connected to measurable or controllable threats. In addition to continuing long-term monitoring, the
three responsible land managers are collaborating with the Flagstaff Arboretum to explore propagation and
transplantation options.
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