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ABSTRACT 
 

Damianita (Chrysactina mexicana, Compositae/Asteraceae) is a low-density, low-growing perennial 
with limited presence in central Texas. Factors that control its ability to survive and growth are not known. 
Biological factors could be competition, herbivory or a lack of either or both. The importance of large 
animal herbivory on the survival and growth of juvenile plants of this species was examined in this study. 
Plants were protected (caged) or not protected from large animal herbivory and survival of all plants was 
100%. Basal diameter, number of stems/plant and total number of leaves were not significantly different 
by treatment at the end of the study (t-tests, P>0.05 for all). There was no visible herbivory on any of the 
aboveground plant parts by the end of the study although dry mass of non-protected plants was significantly 
lower.  Mean aboveground dry mass was significantly different for protected plants versus non-protected 
plants. Total dry mass was significantly different at 2.33 ± 0.31 g (not-protected, mean ± Standard error) 
and 3.22 ± 0.91 g (protected) (t-test, P<0.05).  High density of large herbivores (white-tailed deer 
Odocoileus virginianus) was examined and caused lower dry mass of non-protected plants. Non-protected 
plants did not appear damaged by herbivory. However, examination of non-protected plants demonstrated 
selective herbivory and a reduction of 41% in stems > 5 cm in length. Herbivory on new growth in the non-
protected plant treatment by O. virginianus reduced new stems by 41%.  Published online 
www.phytologia.org Phytologia 106(4): 68-77 (December 20, 2024). ISSN 030319430. 
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 The factors that control the growth of individual plants as well as populations and population 
recruitment or loss can be biotic, abiotic or mixed (Barbour et al. 1999; Maron and Crone. 2006; Mithofer 
and Boland 2012; Keddy 2017; Begon and Townsend 2021). This is true for common as well as rare species 
(Falk et al. 1996; Poole et al. 2007; Nelson-Dickinson and Van Auken 2016; Van Auken and Taylor 2020). 
Limiting factors could be water availability (time of rainfall and amount), other soil resources, light levels, 
plant competition, herbivory or some combination of factors (Ripple et al. 2024). Characteristics of a species 
determine how the species will compete for resources and interact with herbivores. Effects can be positive, 
negative, or even mixed. The growth and dry mass of Damianita (Chrysactina mexicana, 
Compositae/Asteraceae) was measured in this experiment with and without herbivory.  
 Chrysactina mexicana appears to be a sun species not a shade species (Correll and Johnston 1979; 
Powell 1998; Nokes 2001; USDA NCRS 2017). It is usually found on rocky limestone outcrops, steep 
slopes or cliff faces, with little soil, without trees or shade and few other plants. It is reported in central and 
west Texas, New Mexico and central Mexico (USDA 2017). In Mexico it is fairly widely distributed in dry 
regions of the Chihuahua Desert, Sierra Madre Oriental and the Trans-Mexican Volcanic Belt (Magallán-
Hernández et al. 2023). Extracts from its leaves, stems, and flowers have been used to treat a number of 
ailments and many of its biochemicals have been identified (Cardenas-Ortega et al. 2011; Magallán-
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Hernández et al. 2023).  It is not reported below woodland canopies but found in high light environments 
not with other high light species (Wayne and Van Auken 2012; Boeck and Van Auken 2017).  

 The above factors do not explain why this species is relatively rare in habitats of the south-western 
United States. Streptanthus bracteatus (bracted twistflower) is a rare endemic mustard and when protected 
from herbivory in sun or shade it grows very well (Leonard and Van Auken 2013). Boerne bean Phaseolus 
texensis (Fabaceae = Leguminosae) is a rare perennial vine with limited distribution in central Texas 
woodlands.  However, all Boerne bean plants observed were in Juniperus thickets, or very rough, steep 
terrain associated with Juniperus thickets (Nelson-Dickinson and Van Auken 2016; Van Auken and Taylor 
2020). There are a lot of unconfirmed reports suggesting that large herbivores could be an important 
population-modifying factor controlling C. mexicana density, although evidence is marginal. 

 Populations of Odocoileus virginianus (white-tailed deer), and other large herbivores, have increased 
dramatically over most of their ranges in the past 60–100 years (Bradshaw and Waller 2016; Beschta et al. 
2016). Populations of the major tree species in these communities have decreased in density (Beschta et al. 
2016; Petersson et al. 2019). The same seems to be true in woodlands of central Texas and southwestern 
North America (Van Auken et al. 2023). Similar results for herbaceous plants have been reported (Leonard 
and Van Auken 2013; Bradshaw and Waller 2016; Begon and Townsend 2021). 

 We examined effects of large animal herbivory on the survival, growth, dry mass, and mortality of 
Chrysactina mexicana, a native perennial evergreen plant found in some native open (high light) or possibly 
disturbed plant communities in central Texas.  

     
MATERIALS AND METHODS 

 
 An electronic search using Google® with the scientific name as the search item (Chrysactina mexicana, 
Damianita) turned up a number of references that were similar to what is presented in Enquist (1987). In 
the Spanish Language literature, a large number of studies were discovered (see Magallán-Hernández et al. 
2023). Many studies specified where the species could be found geographically, pharmacological 
information and various items that could be purchased. Also, many chemical compounds found in extracts 
of tissue of this species were identified (Cardenas-Ortega et al. 2011; Magallán-Hernández et al. 2023). 
However, ecological or herbivory information was limited and mostly anecdotal.  
 Damianita (Chrysactina mexicana, Fig. 1) is reported from the Edwards Plateau physiographic region 
of central Texas, especially on some of the limestone hills, steep slopes or cliffs and ridges with little soil, 
without trees or shade and few other plants (Correll and Johnston 1979; Nokes 2001). It is also reported 
through west Texas, New Mexico and central Mexico (Elliott et al. 2014; Magallán-Hernández et al. 2023). 
It appears to be a sun species not a shade species (Van Auken 2018; Taiz et al. 2023).    

   
                                  
 
 
 
 
 
 
Figure 1. Damianita plant 
(Chrysactina mexicana) in the hill 
country of central Texas. Photo by 
J. A. Marcus and copied from the 
Lady Bird Johnson Wildflower 
Center. It is a relatively low-density 
perennial plant with apparent 
limited distribution. 
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 This study was carried out at an elevation of 428 m above mean sea level. Light levels in the open on 
a clear sunny day at noon were 1747 ± 29 µmol/m2/s (mean ± SE) and in the anti-herbivory cage light levels 
were 1714 ± 98 µmol/m2/s and not significantly different (t-test, P = 0.9112). Light levels were measured 
with a portable LICOR LI-190SA Quantum Sensor connected to a LI1000 datalogger. The soil was stony 
or rocky, but very shallow, calcareous, silty clay Mollisol over limestone bedrock (USDA NRCS 2017). 
Mean annual temperature is 18.3° C, ranging from 0.78° C in January to 34.18° C in August with high 
variability. Mean annual precipitation is 72.4 cm/year, highly variable, with peaks in May and September 
and little or none in July and August (NOAA 2018). 
 Plants were started with seed collected from native plants. Seeds were collected from plants growing 
along cliffs or bluffs on the edge of Juniperus/Quercus woodlands in Kendall County, Texas, USA in March 
(2024). Seeds were dried for seven days then spread on a potting soil mix three cm deep in a tray and 
covered with a very light dusting of the potting soil mix and thoroughly wetted with tap water. Seeds 
germinated over the next 7-14 days and 36 were carefully transplanted to 4X4 cm plastic pots. After another 
30 days the plants were transplanted to 12 cm diameter plastic pots containing a 1:1 mix of Patrick series 
soil and sand (one/pot). Plants were kept at field capacity with tap water until the end of the experiment in 
August 2024.  
 Soil analysis indicated 7.5 g/kg carbon, 5.8 g/kg calcium, 0.65 g/kg magnesium, 0.5 g/kg total 
nitrogen, 6.0 mg/kg phosphorus, 69.0 mg/kg potassium, and 98.0 mg/kg sulfur (values are one-half the 
actual soil level because of mixture with one-half sand). The nutrient supplemented per pot was 0.1 g N (5 
g/m2) as NH4NO3, 0.08 g P (3.73 g/m2) as Na2HPO4, 0.05 g K (2.5 g/m2) as KCl, and 0.02 g S (1 g/m2) as 
MgSO4 (Bush and Van Auken 2010). 
 The study was completed in an open (full sun) area surrounded by Juniperus/Quercus woodland. The 
plants were at the study site in the field from July 27 until Aug. 31, 2024. All leaves greater than 5 mm in 
length at the end of the experiment were counted. Basal diameter and height were measured at the beginning 
and end of the experiment and compared by treatment. Survival and mortality were determined and then 
plants were harvested by clipping at ground level. The number of leaves were counted, each branch/stem 
was counted and length was measured and all lengths were summed to get total stem length/plant, then 
plant tissue was placed in paper bags for drying at 110°C for 72 hours. After that aboveground dry mass 
was determined. Soil and roots (belowground plant parts) were removed from the pots and placed on a 
sieve. Next, the soil was gently removed using a stream of tap-water. Belowground parts were removed 
from the sieve and placed in a paper bag then placed in an oven at 110°C for 72 hours then dry mass was 
determined. 

 There were 6 plants in each of two treatments for a total of 12 treatment plants. Treatments were non-
protected (no cage) and protected (caged) (Fig. 2). Non-protected plants were placed (in pots) on the soil 
surface between other plants growing in the study area. Protected plants (in pots) were also placed on the 
soil surface in the same area, adjacent to the non-protected plants but in cages. The cages were constructed 
with galvanized hardware cloth with 1.3 x 1.3 cm openings and fastened with steel wire. Cages were 14.5 
cm in diameter and 32 cm in height (5.7 in. diameter 12.6 in. height.).  

 
 

 

Figure 2. Left a juvenile Chrysactina 
mexicana plant grown from seed 
approximately five months old. Grown 
in a 1:1 mix of Patrick soil and sand. 
The plant is approximately 14 cm tall. 
Right, same age plant caged to protect it 
from herbivory.   
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 Mean values and standard errors were determined for measurements. Parametric statistical 
requirements were met and used, but variances were high.  A one-way analysis of variance (ANOVA) or t-
tests were used to determine if there were differences between treatments (Sall et al. 2001). An alpha value 
of 0.05 was used throughout. 

 
RESULTS 

 
 Survival of protected and nonprotected Chrysactina mexicana plants was 100% at the end of the study. 

Herbivores (Fig. 3), mature female and juvenile white-tailed deer (Odocoileus virginianus) were observed 
selectively eating the C. mexicana plants the first night of the study. Later in the study both males and 
females were observed selectively eating plants but are not included is the figure. It was difficult to see that 
clipping of plant stems or browsing by the herbivores was occurring. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Top (A), female white-tailed deer sniffing/examining and eating (Chrysactina mexicana). potted 
plant placed in the study area. (B), faun eating a potted geranium plant. A number of white-tailed deer (C) 
in the study area ignoring the study plants.  (D and E), female white-tailed deer sniffing/eating plants. (F), 
a female white-tailed deer eating other potted plants placed in the study area not Damianita plants (photos 
by C. D. Terrell). 

A B

C D

E F
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Height of non-caged plants (Fig. 4) increased from 13.3 ± 2.1 cm (mean ± se) at the start of the 
experiment to 19.0 ± 1.7 cm at the end of the experiment (August 31, 2024-six weeks). Caged plants 
increased in height from 14.3 ± 2.5 cm at the start to 19.7 ± 3.4 cm at the end of the experiment. There was 
no significant difference in plant height for the caged versus non-caged plants at the end of the experiment 
(F-test, P= 0.370). At the beginning and the end of the study, basal diameter (Fig. 5 A) was not significantly 
different between protected plants and non-protected plants (beginning 2.16 ± 0.36 mm protected compared 
with 2.01 ± 0.50 mm non-protected; at the end values were 3.97 ± 0.42 mm protected and 2.79 ± 0.33 mm 
non-protected, t-test, P > 0.05 for both; Fig. 5 A). At the end of the study there was not a significant 
difference in the number of stems or branches in the non-caged (18 ± 5/plant) versus the caged treatments 
(24 ± 7/plant) (t-test, P = 0.1095, Fig. 5 B). Number of total leaves on C. mexicana plants counted at the 
end of the herbivory experiment were not significantly different between the non-protected (361 ± 72) 
versus the protected plants (530 ± 208) (t-test, P= 0.09, Fig. 5 C). At the end of the experiment the total 
(summed) stem or branch length for the non-protected plants was 77 ± 24 cm and 122 ± 72 cm for 
nonprotected plants and they were significantly different (t-test, P = 0.036; Fig. 5 D). There were no flowers 
produced in either treatment. 

 
 
 

Figure 4. Chrysactina mexicana overall plant height 
measured in cm weekly from the beginning of the 
experiment until the end of the experiment (August 31, 
2024). There were no significant differences between 
the caged or non-caged plants (protected vs. non-
protected, F-test, P >0.05). 

 
 

 
 
 

Figure 5. (A) Basal diameter 
(mm) of Chrysactina mexicana 
plants measured before and at 
the end of the herbivory 
experiment. Beginning and end 
treatments were not 
significantly different (NSD) (t-
tests, P>0.05 for both) but the 
same treatments at the end were 
significantly different (SD) (t-
tests, P<0.05). (B) Number of 
stems at the end of the 
experiment were NSD (t-test, 
P=0.1095). (C) Number of 
leaves at the end of the 
experiment were NSD (t-test, 
P=0.0895). (D) Total stem 
length at the end of the 
experiment was SD (t-test, 
P=0.0357). Plants were 
protected or non-protected. 
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Also, at the end of the experiment there was no significant difference between the number of small stems 
(0-5 cm height) in the protected plants and the non-protected plants (Fig. 6).  However, for all of the stems 
(branches) 6 cm in height or greater, there were 41% fewer in the non-protected treatment (Fig. 6, 57 versus 
96 stems).  
 

Figure 6. Number of branches in 5 cm length 
segments for each treatment at the end of the 
experiment. Height was divided into 5 cm 
segments and measured for each plant branch in 
each treatment (caged or not caged) and then 
totaled for each treatment.  The number of stems 
in the two treatments was not significantly 
different at the end of the experiment (t-test, P > 
0.05). However, when differences between 
treatments were compared by size, the number of 
branches on the protected plants (caged) was 
significantly different than the non-protected 
plants (no cage) (F-test, P = 0.0018). 
 
 

This is also observed in the dry mass measurements (Fig. 7). Mean belowground dry mass of protected 
plants was 0.74 ± 0.38 g (mean ± SE) and not significantly different from non-protected plants at 0.68 ± 
0.13 g (t-test, P = 0.78, Fig. 7). But, mean aboveground dry mass of protected plants was 2.46 ± 0.78. g and 
significantly different from non-protected plants at 1.65 ± 0.26 g (t-test, P = 0.048, Fig. 7) and mean total 
dry mass of protected plants was 3.20 ± 0.91 g and significantly different from non-protected plants at 2.33 
± 0.31 g (t-test, P = 0.028).  

 
Figure 7. Below ground, 
aboveground and total dry 
mass of Chrysactina 
mexicana plants measured at 
the end of the experiment 
with or without a cage. There 
was NSD on below ground 
dry mass (t-test, P > 0.05). 
However, aboveground and 
total dry mass treatments 
were SD at the end of the 
experiment (t-tests, 
P=0.04808 and 0.0042 
respectively). 
 

 
DISCUSSION 

 
Lack of recruitment of woody and herbaceous plants has been reported from all over the world 

including central and western Texas with juveniles of many species not entering the adult population (Van 
Auken et al.2017; Van Auken and Taylor 2020; Begon and Townsend 2021; Van Auken et al. 2023; Ripple 
et al. 2024). The main reason for lack of recruitment seems to be large animal herbivory (Abrams 2003; 
Nelson-Dickinson and Van Auken 2016; Van Auken and Taylor 2020; Van Auken et al. 2023). Evidence 
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has shown recruitment decline of woodland and forest plant species throughout North America because of 
herbivory by large populations of cervids particularly Odocoileus virginianus (white-tailed deer) and 
Cervus canadensis (elk) (Lorimer 1992; Kain et al. 2011; Bradshaw and Waller 2016; Ripple et al. 2024). 
Other reasons including lack of fire or drought seem secondary (Collins and Wallace 1990; Barbour et al. 
1999; Keddy 2017; Begon and Townsend 2021). 

Density of O. virginianus in central Texas (1 deer/5 ha) is higher than anywhere else in North 
America (Doughty 1983; Abrams and Ross 2015; Fulbright and Ortega-S. 2008; Makar 2017). In areas 
with lower densities of white-tailed deer juvenile woody plants and herbaceous plant density is higher and 
some recruitment or replacement is occurring. Early in the last century there was a major decline in 
populations of large herbivores, but recovery of the populations has happened and current populations are 
high (Doughty 1983). 

For Chrysactina mexicana in the current study, all plants protected or not survived over the entire 
study (100%). However, aboveground and total dry mass was reduced (Fig. 7) in the open or non-caged 
plants indicating herbivory. The herbivory was selective, that is, new growth was selected by O. virginianus 
not the mature stems which was difficult to observe. But not difficult to detect in the dry mass measurements.  

In the current study, cages used were small and had small openings (1 cm2), large enough to allow 
entry of small insects but this did not seem to matter concerning herbivory or biomass. There was no evidence 
of herbivory on the protected plants (caged, visual inspection). Odocoileus virginianus could get to the non-
protected plants but not the protected ones, which was true for other herbivores, but that did not seem to 
matter. This suggests that white-tailed deer were a potential cause of low density or limited distribution of 
this species as in other studies (Van Auken 1988; Russell and Fowler 2002; Leonard and Van Auken 2013; 
Bradshaw and Waller 2016; Van Auken 2018; Van Auken and Taylor 2020; Van Auken et al. 2023). We 
present pictures of white-tailed deer inspecting C. mexicana plants but no indication of clipping mature plant 
leaves or stems or eating them (Fig. 3).  

The increase in height and dry mass of protected plants was noted and due to selective herbivory of 
the non-caged plants not to slight shading of the caged plants This suggests that the density of large 
herbivores is important for recruitment of juveniles of C. mexicana plants into the adult population. Other 
factors seem to be involved, such as production and presence of toxins that prevent herbivory to mature 
tissue, specific habitat site requirements for this species, competition with other species, or possibly of a 
combination of these factors (Van Auken et al. 2023).       

The importance of herbivory to many if not most species in these central Texas woodlands and other 
parts of the world has been shown (Van Auken 1988; Russell and Fowler 2002; Leonard and Van Auken 
2013; Bradshaw and Waller 2016; Van Auken et al. 2017; Petersson et al. 2019; Van Auken and Taylor 
2020; Van Auken et al. 2023). In addition, climate, especially the amount and timing of rainfall or lack of 
rainfall, may be a cause of mortality and lack of recruitment (Johnson et al. 2018), but was not examined in 
this experiment and no evidence of fire was reported in the study area where this species was found as was 
reported for other areas (Andruk et al. 2014). Intermittent or episodic recruitment may be occurring in these 
C. mexicana populations, but this is unknown. There was digging and rooting, which suggests the presence 
of feral hogs, but study plants were not disturbed. In spite of demonstrated herbivory, the future distribution 
and population density of this species will require more widespread density studies and more specific habitat 
measurements. 
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