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Effects of Surveying for the Federally Endangered Spruce-fir 
Moss Spider (Microhexura montivaga Crosby & Bishop) on 

its Bryophyte Habitat 

Corinne A. Diggins1,* and W. Mark Ford2

Abstract - Microhexura montivaga (Spruce-fir Moss Spider) is a federally endangered 
arachnid endemic to high-elevation montane conifer forests of the southern Appalachian 
Mountains. The spider is cryptic and difficult to monitor because this species lives in 
the interface between the bryophyte mat and the rock surface. Since temporary removal 
of the bryophyte mat is necessary to monitor the spider, surveyors may negatively impact 
the spider’s habitat during monitoring. To help inform survey protocol for this endangered 
species, we studied reattachment rates of bryophyte mats to rock surfaces after their re-
moval. In 2017, we surveyed sixty 10 cm x 10 cm plots, assigning a plot to either control 
or treatment (i.e., application of water post-reattachment). We monitored plots for 1 year 
post-survey to determine reattachment rates. The majority of plots (70%) reestablished after 
1 year, whereas 15% did not reattach or showed substantial prolonged (e.g., ~1 year) desic-
cation and 15% completely fell off or had 100% prolonged desiccation and were chlorotic. 
We found that mat depth and overstory canopy cover had no effect on mat reestablish-
ment, although bryophyte type did. We found no difference between treatment and control 
plots, suggesting that no treatment is needed for mats to reestablish under the conditions 
described. Rock slope significantly influenced reestablishment rates, highlighting that sur-
veying bryophyte mats on slopes >80% may diminish or destroy habitat. Further research 
is needed to determine long-term monitoring effects on the spider and its habitat, especially 
in relation to disturbance regimes and ecological restoration of Picea rubens (Red Spruce). 

Introduction

 Effective monitoring of an endangered species is necessary not only for assessing 
populations, but also to understand mechanisms that may influence populations and 
impact the long-term persistence of the species (Campbell et al. 2002). However, 
endangered species are inherently difficult to monitor due to small population sizes, 
narrow habitat requirements, and small geographic ranges, and further challenges 
occur if the species is small-bodied and cryptic in nature (Diggins et al. 2016, Dil-
lard et al. 2008, Edworthy et al. 2012, Rabinowitz et al. 1986). The Endangered 
Species Act (ESA) of 1973 (16 U.S.C. §§1531-1544 [1988]) requires the use of “the 
best scientific and commercial data available” (Section 7[a][2]). In order to assess 
recovery efforts within critical habitat and meet the legal requirements for recovery 
plans, it is crucial to develop a monitoring protocol that will allow for the assess-
ment of population size, habitat occupancy, distribution, and habitat condition over 
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time for endangered species (Barata et al. 2017, Campbell et al. 2002, Schori et al. 
2020, Smallwood et al. 1999). 
 Microhexura montivaga Crosby & Bishop (Spruce-fir Moss Spider) is a small 
(0.25–0.40 cm) mygalomorph spider and is one of 4 arachnids listed as endan-
gered under the Endangered Species Act (Fridell 1995). The spider is endemic to 
montane sky islands of Picea rubens Sarg. (Red Spruce)–Abies fraseri (Pursh) Poi 
(Fraser Fir) forests (hereafter spruce–fir) in the southern Appalachian Mountains 
of North Carolina, Tennessee, and Virginia (Coyle 1981, 1997; USFWS 2001) and 
occurs in 6 disjunct sky island populations (Coyle et al. 2009, Hedin et al. 2015, 
USFWS 2001). The spider’s habitat is considered one of the most endangered for-
ested ecosystems in the United States (Noss et al. 1995) due to industrial logging, 
atmospheric acid deposition, anthropogenic climate change, and introduced forest 
pests such as Adelges piceae Ratzeberg (Balsam Woolly Adelgid [BWA]) (Dull et 
al. 1988, Eagar and Adams 1992, Koo et al. 2015, Korstian 1937, Walter et al. 2017, 
White et al. 2014). However, some forest recovery from acid deposition occurred 
after the passing of the 1980 Clean Air Act (Banks 2013, Kaylor et al. 2017, Math-
ias and Thomas 2018). 
 Designated critical habitat for the spider is defined as well-drained epilithic bryo-
phyte mats growing on north-facing, emergent rock outcrops, colluvial boulders, 
and cliffs under dense canopies of spruce–fir forests (Coyle 1997, 2009; USFWS 
2001). Bryophyte mats provide relatively stable microclimates compared to am-
bient temperatures, although moisture in the mats varies with relative humidity 
(Seaborne and Catley 2016). The largest threat to the spider is habitat loss through 
bryophyte desiccation and disturbance. Past population declines were observed in 
the 1980s at several sites due to desiccation events caused by drought and overstory 
canopy dieback from BWA (Coyle 2004, 2009). Since spiders are distributed in 
highly disjunct areas, sometimes less than a few acres in size, overstory disturbance 
can lead to desiccation events that may impact an entire population (USFWS 2001). 
 Bryophytes adapted to highly shaded, humid environments are sensitive to 
desiccation due to changes in microclimate moisture caused by loss of overstory 
cover (Nelson and Halpern 2005, Proctor 2000). Loss in overstory spruce–fir in the 
southern Appalachians is associated with natural disturbances such as wind-throw 
events and ice damage, as well as disturbances from BWA infestations and spruce 
decline (Kaylor et al. 2017, Nicholas and Zedaker 1989, Rentch et al. 2010, Smith 
and Nicholas 1998, White et al. 1985). Reduction of overstory canopy cover can 
alter under-canopy climatic conditions within forests by increasing temperature and 
light while decreasing humidity, which may influence bryophyte species composi-
tion (Halpern et al. 2014, Nelson and Halpern 2005, Stehn et al. 2010a). Epilithic 
bryophytes generally lack a non-bryophyte substrate (e.g., humus, soil) to hold 
moisture and are poikilohydric, resulting in potential fluctuations between insuf-
ficient and excessive moisture (Glime 2017, Norris 1974), which may make them 
sensitive to changes in under-canopy climatic conditions. Southern Appalachian 
spruce–fir forests are immersed in low clouds for a significant proportion of the year 
(Berry and Smith 2012, 2013; Horton and Culatta 2016), thereby providing moist 
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conditions for bryophytes in this system (Norris 1974). However, Richardson et al. 
(2003) observed that cloud ceiling height has increased in recent years in the east-
ern United States, possibly due to climate change. Rising cloud ceilings may impact 
under-canopy climatic conditions, plant physiology, and species distribution within 
spruce–fir forests (Berry and Smith 2013, Culatta and Horton 2014, Johnson and 
Smith 2008, Ulrey et al. 2016). 
 The Spruce-fir Moss Spider is inherently difficult to study because it resides 
between the interface of bryophyte mats and the rock outcrops that provide the mat 
substrate. Due to the spider’s endangered status, there are restrictions on inciden-
tal take (ESA, Section 9). Specimens of Spruce-fir Moss Spider are observed in 
situ without specimen collection. Survey techniques typically used to confirm the 
presence of other microinvertebrates from bryophyte mats result in specimen col-
lection (e.g., Andrew et al. 2003, Lindo and Winchester 2013, Wehner et al. 2018, 
Yanoviak et al. 2007) and would not be appropriate when surveying for the Spruce-
fir Moss Spider. However, determining the spider’s presence requires potentially 
destroying its habitat by physically removing portions of the bryophyte mat from 
the rock. Replacement of the mat does not assure the bryophytes’ reattachment and 
survival (Coyle 1997, 1999). Removal of the bryophyte mats during surveys could 
lead to mat loss, damage, or desiccation, evidence of which can be found at previ-
ously surveyed sites (Coyle 2004, Roble 2012). Bryophyte recovery may be slow 
after surveys, and previous recommendations stated that surveys should not occur 
frequently (Coyle 1999), although recommended duration between surveys was 
never specified.
 Due to continued threats to the spider’s habitat, developing a monitoring plan 
is critical to assessing the spider’s populations and distribution across its range. 
Although range-wide surveys of the spider have occurred (Coyle 1997, 1999, 2004, 
2009; Harp 1991, 1992), a standardized long-term monitoring program has yet to be 
established. Currently, no specific protocol is in place to reduce potential effects of 
surveys, such as minimum time between surveys reoccurring in the same spot, and 
no study has quantified survey effects on habitat. Since existing survey protocol has 
an unknown effect on spider habitat and populations, regular monitoring is difficult 
and assessment of recovery is limited (USFWS 1998, 2014). Therefore, our objec-
tive was to conduct a study of bryophyte-mat removal to determine reestablishment 
and desiccations rates up to 1 year post-survey. We designed an experimental study 
to compare control and treatment plots to determine if treatments would influence 
attachment rates. Our results would help determine if bryophyte mat surveys cause 
long-term damage to suitable Spruce-fir Moss Spider habitat. This work would also 
allow for recommendations on time between surveys at a site, as well as indicating 
what other factors (e.g., bryophyte type, treatment type) would affect post-survey 
mat-recovery time. 

Field-site Description

 We conducted our study in montane spruce–fir forests in the Blue Ridge sub-
physiographic province of the southern Appalachian Mountains in western North 
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Carolina. We established bryophyte-removal plots in the Roan Mountain High-
lands, Pisgah National Forest, Mitchell County, NC (36°6.26’N, 82°7.70’W). We 
selected 2 study areas in the western part of the Roan Mountain Highlands. These 
2 study areas varied in elevation from 1880 to 1895 m, had northwest aspects, and 
were located 0.1 km away from each other. We selected these 2 study areas because 
2 stable populations of Spruce-fir Moss Spiders existed at these sites, there were 
large amounts of suitable habitat relative to other locations, and the habitat was 
representative of habitat in other parts of the species’ range. Spruce-fir Moss Spi-
der habitat was typically found on rock outcrops along north-facing aspects, since 
habitat on those aspects was more mesic. The spider’s habitat was rarely found on 
southern aspects; therefore, we did not select sites on those aspects due to lack of 
suitable habitat. We did not select more survey areas because we did not want to 
disturb the habitat of smaller populations for this experiment. Because known pop-
ulations of Spruce-fir Moss Spider occur at our 2 study areas, the exact locations of 
the areas are not disclosed to protect this endangered species. The Roan Mountain 
Highlands has mild summers and cold winters (average temperatures of 15–30 °C 
and -4–16 °C, respectively), with high amounts of annual precipitation (150–200 
cm) and low cloud deposition (50–75% of the year) (Berry and Smith 2012, 2013; 
McNab and Avers 1994). 

Methods

 To select random sites, we used geospatial data of known rock outcrops across a 
5.5-ha area at study area A and a 6-ha area at study area B. In June 2017, we estab-
lished sites in known spider habitat at the 2 study areas. Since the size of each rock 
outcrop varied drastically, we randomly placed 1–2 sites on individual emergent 
rock outcrops or boulders with appropriate bryophyte habitat (15 sites in study 
area A, 15 in study area B). Our reasoning was two-fold: (1) the bryophyte species 
the spider is known to occur under are not typically found on all rock surfaces and 
tend to be a patchy resource, and (2) we wanted to spread sites over a larger area 
to avoid heavily impacting 1 or 2 rock outcrops in the event our surveys had nega-
tive impacts on bryophyte reattachment. Coyle (2004) recommended not surveying 
all suitable habitat on a given rock outcrop for that reason and to avoid needlessly 
eliminating spider habitat at a site. Each site was separated by ≥5 m (24.5 ± 3.0 SE, 
min–max = 5.0–62.7) and was composed of one of 3 bryophyte types: 2 moss types 
(Dicranodontium/Dicranum spp. or Polytrichum spp.) and a liverwort type (Bazza-
nia spp.). We did not distinguish between Dicranodontium spp. and Dicranum spp. 
species due to difficulty differentiating the genera in the field and hereafter refer to 
this group as “Dicranoids”. Additionally, we did not identify mosses or liverworts 
to species since bryophyte genus was the indicating factor for appropriate spider 
habitat in past surveys. At each site, we placed two 10 cm x 10 cm plots spaced 
0.5 m apart. Both plots at a site were in the same bryophyte type. At each site, we 
assigned a control plot (n = 30) and a treatment plot (n = 30). Control plots were 
given no treatment after we replaced the bryophyte mat on the rock. For treatment 
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plots, we misted (sprayed 4–5 times with water from a 12 oz spray bottle) the top of 
the bryophyte mat after replacement on the rock. We selected water application as a 
treatment to see if adding moisture after reattaching the moss helped with long-term 
mat recovery. 
 At each plot, we demarcated the plot with a malleable 10 cm x 10 cm frame 
made of 24-gauge, galvanized steel wire. We recorded the bryophyte type, the slope 
of the plot (0°–90°), and measured bryophyte mat depth to the rock surface at 4 
points in the plot. We removed 10 cm x 10 cm bryophyte mats at each plot site by 
cutting the mat down to the rock on three sides of the plot frame with a knife, keep-
ing the bottom portion of the bryophyte mat attached to the rock so we could peel 
down the mat to mimic the bryophyte removal technique surveyors would use to 
search for spiders. Coyle (1997, 1999, 2004, 2009) used this technique during past 
surveys, so potential spiders under the bryophyte mat would not fall on the ground, 
but would be caught at the bottom of where the mat remained attached to the rock. 
 To be able to identify the exact location of a bryophyte plot in order to evaluate 
reattachment rates during later surveys, we attached a weatherproof vinyl tag with 
plot information, including plot type, on the 10 cm x 10 cm frame. We replaced the 
bryophyte mats directly back on the rock surface, pressing the metal frame into the 
rock so it would take the rock’s shape and stay in place. We applied the treatments 
after replacing each mat onto the rock’s surface. We only treated mats a single time 
immediately after the initial removal and did not remove or retreat them henceforth. 
We recorded the dominant overstory trees and estimated canopy cover directly 
above each plot using a spherical densiometer. 
 To assess the short- and long-term efficacy of these surveys, we monitored plots 
in July 2017, November 2017, and June 2018. We selected these times because 
we wanted to determine the effects of bryophyte removal on plots at different 
timescales: 1 month post-removal, pre-winter condition, and condition 1 year after 
establishment. During visits to sites, we did not re-remove bryophyte mats in plots 
to determine attachment and condition or reapply treatments. Instead, we gently 
tugged at different parts of the bryophyte mats to determine if mats were reattach-
ing to the adjacent bryophyte mats and the rock, and to evaluate the extent of mat 
reattachment. We also assessed the condition of the bryophyte mat at each plot by 
determining the percentage of the bryophyte mat that was desiccated, as indicated 
by yellow/brown coloration. We did not consider mats with yellow/brown color 
(i.e., chlorotic) as dead since bryophytes can survive desiccation and rejuvenation 
several weeks to years after the desiccation event (Glime 2017). Additionally, we 
were able to judge desiccation and color of bryophytes in our plots by comparing 
the plots to adjacent moss patches that experience the same microclimate condi-
tions as the moss plots. However, desiccated bryophytes are more likely to fall off a 
rock and indicate poor habitat conditions for the Spruce-fir Moss Spider (i.e., Coyle 
2004). We then ranked plots from 0 to 10, where 0 = bryophyte mat is completely 
reattached and 100% alive (e.g., green in color), while 10 = bryophyte mat was 
completely unattached from the rock, had 100% desiccation, and were chlorotic 
since the last visit to the plot (Table 1). 
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 We used a generalized linear binomial distribution model (PROC GENMOD) 
in SAS 9.4 (SAS Institute, Cary, NC) to determine impacts of treatment type, 
bryophyte type, plot slope, average bryophyte mat depth, and overstory canopy 
cover over 3 site re-visits on reattachment rates. This model allowed for unbal-
anced sample sizes, which was suitable for our dataset because it was difficult to 
survey an even number of sites in each bryophyte type as they widely varied in 
their frequency and distribution in our study areas. We analyzed the impact of treat-
ments over time using our model on attachment rankings from the final visit with 
treatment type (control as reference condition) and bryophyte type (Bazzania as 
reference condition) as fixed effects and the other variables as random effects. We 
did not use study area as a covariate in our model because the 2 study areas were at 
similar elevations and aspects, and occurred close together on the same mountain. 
We used a priori planned contrasts to examine treatment-type (control versus treat-
ment) and bryophyte-type effects on reattachment rates. 

Results

 Overall, we surveyed 60 plots: 26 Dicranoids, 22 Bazzania spp., and 12 Polytri-
chum spp. One year after bryophyte mat disturbance on our final visit, we found 60% 
of plots 100% alive and completely or mostly reattached to the rock surface (33.3% 
= ranking 0, 26.7% = ranking 1). Approximately 15% of plots were 100% alive with-
out reattaching to the rock (ranking 2 to 3). A total of 10% of plots varied in their 
reattachment, had partial desiccation, and were chlorotic (ranking 4 to 9), whereas 
15% had fully desiccated and had completely fallen off the rock (ranking 10). Of the 
bryophyte mats that completely fell off the rock (ranking 10), 66.7% were on rock 
slopes >80°. However, these plots only accounted for 24% of all plots that were on 

Table 1. Bryophyte-mat reestablishment rankings for removal study in Spruce-fir Moss Spider (Mi-
crohexura montivaga) habitat at Roan Mountain Highlands, Mitchell County, NC, 2017–2018. We 
ranked plots based on bryophyte desiccation, chlorotic condition, and reattachment to rock surface. 
We ranked bryophyte desiccation and chlorotic condition higher than reattachment since these mats 
may be unlikely to reattach, especially if conditions within a plot were poor compared to surround-
ing bryophyte mats. Partially reattached = 25–75% reattached. Partially off rock = >10% off rock. A 
ranking of 10 indicated 100% desiccation and chlorotic condition, or the moss mat had completely 
unattached from the rock.

Ranking	 Bryophyte desiccation/chlorotic condition	 Reattachment

  0	 0%	 Completely reattached 
  1	 0%	 Partially reattached
  2	 0%	 Not reattached but holding position
  3	 0%	 Not reattached and partially off rock
  4	 <50%	 Partially reattached
  5	 <50%	 Not reattached but holding position
  6	 <50%	 Not reattached and partially off rock
  7	 >50%	 Partially reattached
  8	 >50%	 Not reattached but holding position
  9	 >50%	 Not reattached and partially off rock
10	 100%	 Not reattached or completely off rock
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rock slopes >80°, whereas 50% of plots at these steeper slopes had reattached to 
the rock without any desiccation (ranking 0–1). Our results showed that only plot 
slope negatively impacted long-term reattachment rates (Table 2, Fig. 1). Addition-
ally, probability of reattachment 1 month post-removal was similar to probability of 

Figure 1. Reattachment probability of 10 cm x 10 cm bryophyte-mat plots 1 year post-
removal in Spruce-fir Moss Spider (Microhexura montivaga) habitat in the Roan Mountain 
Highlands, Mitchell County, NC. Conditions were measured during bryophyte removal and 
replacement in June 2017 and compared to conditions in June 2018. Reattachment prob-
ability is relative to degree slope of rock surface. All 3 bryophyte types are indicated with 
labeled lines, and colored bands represent confidence intervals.

Table 2. Results of the generalized linear binomial distribution model for the study of Spruce-fir Moss 
Spider (Microhexura montivaga) bryophyte-mat reestablishment at the Roan Mountain Highlands, 
Mitchell County, NC, 2017–2018. 

			   Standard	 Wald 95% 
Parameter	 DF	 Estimate	 error	 confidence limits	 Wald χ2	 P

Intercept	 1	 6.8558	 4.3442	 -1.6587	 15.3704	 1.58	 0.1145
Visit		  -0.0514	 0.2248	 -0.4919	 0.3891	 -0.23	 0.8191
Treatment	 1	 -0.1222	 0.4773	 -1.0576	 0.8132	 -0.26	 0.7979
Control1	 0	 0.0000	 0.0000	 0.0000	 0.0000	 -	 -
Polytrichum spp.	 1	 1.2456	 0.5892	 0.0908	 2.4005	 2.11	 0.0345
Dicranoid	 1	 -0.3933	 0.7294	 -1.8229	 1.0364	 -0.54	 0.5898
Bazzania spp.1 	 0	 0.0000	 0.0000	 0.0000	 0.0000	 -	 -
Slope (deg)	 1	 -0.0324	 0.0116	 -0.0550	 -0.0097	 -2.8	 0.0051
Depth (cm)	 1	 -0.1127	 0.1680	 -0.4421	 0.2166	 -0.67	 0.5023
Canopy (%)	 1	 -0.0371	 0.0447	 -0.1247	 0.0504	 -0.83	 0.4059
1Reference factor in model (see text).

Downloaded From: https://bioone.org/journals/Southeastern-Naturalist on 13 Jul 2021
Terms of Use: https://bioone.org/terms-of-use	Access provided by Virginia Tech University



Southeastern Naturalist
C.A. Diggins and W.M. Ford

2021 Vol. 20, No. 1

84

reattachment after several months and 1 year post-removal. There was no significant 
difference between the control and water treatment at any point in the study. Reat-
tachment did differ by moss type with Dicranoids showing higher attachment rates 
than Bazzania (P = 0.03) and Polytrichum (P = 0.05) (Fig. 1). 

Discussion

 We found that most bryophyte mats reattached to the rock surface 1 year after 
removal, highlighting the feasibility of this technique to monitor Spruce-fir Moss 
Spider populations without causing long-term damage to their habitat. Probability 
of attachment did not vary drastically over time, indicating that mat assessments 1 
month post-survey would most likely indicate the bryophyte mat’s condition after 
1 year post-removal. Although we found that most of the bryophyte mats complete-
ly or mostly reattached to the rock with no mat desiccation and were not chlorotic, 
~24% had some level of prolonged desiccation and did not completely reattach or 
had completely fallen. Rock slope negatively influenced reattachment rates with 
steeper slopes resulting in a higher probability the bryophyte mat would fall off. 
Additionally, there were different reattachment rates depending on bryophyte type, 
suggesting that Dicranoid mosses are more vulnerable than Bazzania or Polytri-
chum to disturbance. Other factors, such as bryophyte depth and canopy cover, did 
not have any impact on reestablishment rates. This result is probably because at all 
sites canopy cover was high (80–95%) and bryophyte depth would be considered 
suitable for the spider, which avoids very thin and very thick mats (Coyle 2009). 
 Bryophyte mats in both the treatment and control plots had better immediate 
attachment rates and maintained attachment to the rock surface over time, with 
no significant differences between the treatment and control plots. Therefore, our 
results indicated that post-removal application of water is not needed to increase 
attachment rates. We would caution that our survey only occurred over the course 
of 1 year, and fluctuations in precipitation during droughts may require a water 
treatment to increase attachment rates, but more work is needed to confirm this 
hypothesis since our survey took place in a non-drought year. While treatment did 
not influence attachment rates after 1 year, relatively steeper rock slopes nega-
tively impacted reattachment rates. Steeper rock slopes are difficult to avoid during 
Spruce-fir Moss Spider surveys because well-drained bryophyte mats tend to be on 
sloping rocks (Coyle 1997). Occasionally, we found that our surveyed mats were 
difficult to reposition on a vertical surface (i.e., >80% slope). In such instances, 
successful reattachment may frequently not occur after a survey, making the prob-
ability of long-term reestablishment of the bryophyte mat less likely (Coyle 2009). 
Weather, such as heavy fog and rain, may negatively influence reestablishment 
rates (Allen 2017), especially immediately following surveys on steeper-sloped 
rocks. Therefore, though steeper surfaces may need to be surveyed since spiders are 
known to occur in these habitats (Coyle 2009), we caution that handling bryophyte 
mats at such sites should be done carefully.
 If a Spruce-fir Moss Spider is located on a mat that does not reestablish, individ-
uals have to relocate to another suitable site. Relocation may potentially jeopardize 
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spider survival as movement and dispersal rates are believed to be low due to 
patchy habitat distributed among highly disjunct populations (Coyle 2009, Hedin 
et al. 2015). Previous research found that surveyed rock outcrops had noticeably 
fewer patches of bryophyte mats for up to a decade later, although total mat loss 
was not quantified (Coyle 2004, 2009). During our study, we only removed 10 cm 
x 10 cm patches, which may be smaller than those removed by Harp (1991, 1992) 
and Coyle (1997, 1999, 2004, 2009) during their surveys, wherein the size of mats 
removed were unspecified. Additionally, we did not separate the moss patches into 
smaller pieces, which was a method used by Coyle during his surveys. Separating 
the bryophyte mats into smaller pieces improved detection of spiders, but made 
replacing bryophyte mats back on the rock very difficult (Coyle 2004). Because the 
impacts of surveys may be seen for years post-survey, it is important to temporally 
and spatially separate surveys. We conservatively recommend a minimum of 2 
years between spider surveys at the same rock outcrop to allow bryophyte mats to 
reestablish in areas that experience partial desiccation post-survey. 
 Lack of reestablishment may lead to bare rock in an area that was once covered 
with bryophytes. We observed that 15% of our plots never reestablished (a total of 
90 cm2 of suitable habitat), which may impact long-term bryophyte species compo-
sition at a site. While bryophyte mats on rocks surfaces evolved with disturbances 
such as animal activity or gravity-induced sloughing of heavy mats, natural distur-
bance rates are typically very low, and larger or more frequent disturbances may 
prolong recovery of the mats (Studlar and Peck 2007). Bryophyte habitat on steep 
or vertically sloped rock surfaces may represent a climax community, although 
over long periods of time these communities show cyclical succession where natu-
ral sloughing of mats exposes bare rock, bryophytes reestablish, grow and become 
heavy, leading to sloughing again (Smith 1982). The successional dynamics of 
bryophyte communities on rocky outcrops in spruce–fir forests in the region are 
not well known (but see Stehn et al. 2010b). Spider surveys may shift community 
successional trajectories depending on intensity and frequency of surveys and their 
subsequent reestablishment rates, potentially similar to shifts seen in commercial 
moss harvesting (Peck and Frelich 2008, Studlar and Peck 2007). 
 It is unknown whether the removal of bryophyte mats during surveys modifies 
bryophyte species composition or impacts other invertebrate species living within 
the bryophyte mats, though it seems likely that failed reestablishment or desic-
cation would have negative impacts on the bryophyte mat ecosystem. Southern 
Appalachian spruce–fir forests also have a high diversity of bryophyte species, and 
~44 species occur on rock outcrops or boulders (Norris 1974, Stehn et al. 2010b). 
Bazzania nudicaulis (Evans) is a globally imperiled liverwort endemic to southern 
Appalachian spruce–fir forests and can be found in bryophyte mats on rock outcrops 
(Stehn et al. 2010b). Bazzania spp. are commonly found on bryophyte mats with 
detections of Spruce-fir Moss Spider (Coyle 2004), therefore B. nudicaulis could be 
impacted by surveys especially in cases where mats do not reattach. Additionally, 
bryophyte mats on rocky outcrops are home to many species of invertebrates, and 
some species are obligate on these environments (Gerson 1982), although the status 
and composition of invertebrates found in these types of communities are typically 
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understudied (Main 2000). Further work needs to be conducted to determine the im-
pacts of surveys for spiders within bryophyte mats on other flora and fauna within 
the southern Appalachians. 
 Changes in canopy cover might interact with survey impacts to alter or reduce 
the bryophyte community at a site. High-elevation bryophyte communities may be 
resistant to under-canopy climatic changes in natural canopy gaps (Berdugo and 
Dovciak 2019), but larger overstory disturbances from BWA may cause conditions 
outside the tolerance of bryophyte communities situated on rocky substrate. Open 
canopies from BWA and large windthrow events are known to decrease the prob-
ability of finding the Spruce-fir Moss Spider (Coyle 2009, Roble 2012). Overstory 
cover at all of our sites was high; therefore, the bryophyte reestablishment rates 
observed during our study were under shaded conditions. We purposely worked 
in areas of high canopy cover because previous spider surveys in areas with BWA 
overstory kill resulted in no detections due to bryophyte desiccation (Coyle 1994, 
2009). Bryophyte establishment rates may have been different in areas of BWA 
infestation or areas of large windthrow events. Since bryophyte communities are 
affected by canopy gaps due to BWA (Stehn et al. 2010b) and single-tree fall and 
windthrow events are common in spruce–fir forests (Rentch et al. 2010, White et al. 
1985), permanent survey plots would help determine the potential impacts of these 
forest dynamics on Spruce-fir Moss Spider populations and their associated habitat. 
 Future forest management efforts to increase resiliency to climate change in 
spruce–fir forests should be accompanied by long-term monitoring of the Spruce-
fir Moss Spider habitat. There is growing interest in the ecological restoration 
of spruce–fir forests in the southern Appalachians due to these forest’s ecologi-
cal, economic, and recreational value (Jenkins et al. 2002, Potter et al. 2005), as 
well as the importance of this forest type to rare and endemic species (Diggins et 
al. 2017, Milling et al. 1997, Rossell et al. 2018, Ulrey et al. 2016, Wheeler and 
McHugh 1994). The use of canopy-gap creation to mimic natural disturbances 
and release understory spruce is the primary silvicultural treatment to restore 
these forests (Rentch et al. 2007, 2016). Bryophyte communities may be adapted 
to natural canopy-gap dynamics in high-elevation conifer forests (Berdugo and 
Dovciak 2019, Stehn et al. 2010b). Since more species-specific information on the 
bryophyte community would be needed to determine long-term impacts of spider 
surveys on successional dynamics of their habitat, we recommend a bryologist be 
consulted on future monitoring projects. Finally, long-term monitoring using sur-
veys of bryophyte mats will help determine how spider surveys impact long-term 
successional dynamics of bryophyte mats and if ecological restoration treatments or 
anthropogenic impacts (e.g., climate change, BWA infestation) negatively impact 
populations and the critical habitat of the Spruce-fir Moss Spider. 
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