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ABSTRACT 

Spiders are important to many ecosystems as both predators and prey, and their 
distribution can reflect the health of the ecosystem as a whole. A pressing disturbance 
impacting spider distribution is fire. Directly following fire, spider density decreases. 
However, there is less information about their recovery in the years following fire. Spider 
distribution relies on the structural complexity of vegetation for web-building as well as 
prey abundance, both of which are affected by fire. The redwood forests of California’s 
Big Sur region presented a useful study system, as they host a variety of spider species, 
and were burned by the 125,000-acre Dolan Fire in August 2020. To examine spider 
distribution two years following the Dolan Fire, we measured these variables in the form 
of furrow depth and prey density respectively, on the bark of 60 coast redwood trees. 
Additionally, we recorded whether each web was structured as a sheet or tube, if the web 
was occupied by a spider, and the intensity of the burn at each tree. We found that 
overall, burn intensity had no direct effect on spider web density or prey density. 
However, burn intensity did have a negative effect on furrow depth, whereas furrow 
depth had a positive effect on sheet web density, but no effect on tube web density. Our 
findings suggest that two years after fire, the burn intensity on redwood trees has little 
to no effect on the spiders that occupy the bark of said trees. This speaks not only to the 
resilience of these spiders as organisms capable of quickly rebounding after fire, but also 
to the resilience of the ecosystem as a whole. 
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INTRODUCTION  

Spiders play vital roles in many 
ecosystems, acting as both predators and 
prey. Spider predation can cause cascading 
trophic effects on the structure of 
invertebrate communities, exerting top-
down control over lower trophic levels 

(Moulder and Reichle 1972, Lawrence and 
Wise 2000). Meanwhile, as the only available 
prey during the winter, spiders have been 
observed influencing bird populations 
(Jansson and von Brömssen 1981). Because 
spiders are important to trophic structure, 
monitoring their distributions can indicate 
impacts of ecological disturbance on both 
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short and long timescales (Pearce and Venier 
2006). Spider distribution is affected by 
many factors, with the two most important 
being the structural complexity of 
surrounding vegetation and prey abundance 
(Samu et al. 1999). Web-building spiders are 
dependent on structures to attach their 
webs to. Increased structural complexity 
provided by vegetation can increase spider 
density (Greenstone 1984). Additionally, 
spiders can discriminate between sites with 
differing prey abundance, spending less time 
in sites where prey are scarce compared to 
locations where prey are abundant 
(Weyman and Jepson 1994). As these two 
factors play important roles in determining 
spider distribution, disturbances which 
affect these factors can strongly impact 
spider communities.  

One such disturbance that affects 
vegetation structure and spider prey 
abundance is fire. Fires can alter vegetation 
structure by removing understory 
vegetation, changing plant species 
composition, and reducing bark thickness 
(Spalt and Reifsnyder 1962, Haslem et al. 
2016). The alteration of vegetation structure 
by fire can have strong negative effects on 
web-building spider density (Foster et al. 
2015). Additionally, fires can have negative 
impacts on spider prey populations. Spider 
prey, such as insects, decrease in abundance 
immediately after fire (Swengel 2001). These 
populations generally rebound to their pre-
fire abundance levels after three years, but 
the length of rebound time can be variable 
depending on habitat and insect species 
(Pryke and Samways 2012). Because spiders 
are dependent on insects as food sources, 
when insect populations decrease after 

disturbance, spider populations often follow 
(Lima et al. 2021). Overall, fire can alter 
vegetation structure and reduce insect 
populations, two effects which negatively 
impact spider density.  

To study the effects of fire on vegetation 
structure and insect abundance, redwood 
forests present a useful system. Sequoia 
sempervirens (coast redwood), is a crucial 
host for multiple spider species, and its 
deeply furrowed bark is a vital habitat for 
spiders because of the protection it offers 
from predators and the elements, as well as 
the structure it provides for web building 
(Curtis and Morton 1974). Currently, coast 
redwoods and the locations that they inhabit 
are coming under increased threat from 
forest fires (Mahdizadeh and Russell 2021). 
The coast redwood generally has reduced 
bark thickness after fire. However, it is 
unknown if the altered bark thickness affects 
its structural complexity such as surface area 
or furrow depth (Spalt and Reifsnyder 1962).  

Most spider webs found on the bark of 
coast redwoods can be broadly classified 
into two categories: “sheet webs” (spiders of 
the genus Calymmaria and family 
Linyphiidae) and “tube webs” (spiders of the 
genus Callobius) (Fig. 1). Both web types use 
the structural complexity provided by the 
redwood tree furrows, but sheet webs may 
use the walls of the furrows for structural 
support while tube webs, which are 
constructed within the cracks on the surface 
of the furrows, may not. Because these 
spiders are dependent upon the furrows of 
redwood bark as well as food sources 
provided by nearby insect populations, burn 
scars have the potential to impact spider 
distributions. 
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Figure 1. Tube and sheet web types. Side by side comparison of the two different web types that were analyzed. 
The left image is a tube web of the Callobius genus constructed on a small furrow in the bark of a coast redwood. 
The right is a sheet web typical of the Calymmaria genus and the Linyphiidae family, constructed on a deep furrow 
in a coast redwood. 

To understand how burn scars may affect 
spider distributions, we observed the 
distributions of sheet and tube web spiders 
in a partially burned redwood forest. We 
hypothesized furrow depth and spider web 
density would be positively correlated. If 
sheet webs are more dependent on bark 
furrows for structural support than tube 
webs, we would expect this correlation to be 
stronger for sheet webs than tube webs. 
Additionally, we hypothesized that as tree 
burn intensity increased, furrow depth and 
insect abundance around the tree would 
decrease. Finally, we predicted that, if 
furrow depth and insect abundance were 
found to decrease with burn intensity, the 
combination of these factors would cause 
sheet and tube spider web density to 
decrease as burn intensity increases. 

METHODS 

2.1 Study System 

We conducted our study at Landels-Hill Big 
Creek Reserve (36°4ʹ0ʺN 121°35ʹ0ʺW) 
located on the central California Coast of the 
United States, 80 km south of Monterey. At 
1,752 hectares, Big Creek contains a diverse 
range of habitats, and is near the southern 
range extent of coast redwoods. The lower 
elevations by the coast, which host the 
redwood forests, have annual mean 
precipitation of 99 cm, and summer 
temperatures of 10.9–20.9 °C. The study site 
is located at and around the fork of Devil’s 
Creek and Big Creek, which is about 1 km 
inland of the coast and at elevations of 10-
100 m above sea level. In August 2020, a 
wildfire burned through Landels-Hill Big 
Creek Reserve. The fire burned through 
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6,790 acres of the Big-Creek watershed, 
including most of the redwood forest (USDA 
Forest Service 2020). 

Redwood groves in the reserve host many 
spider species on their bark. Some of the 
most common include species in genus 
Callobius which are generally brown in color 
and range in size from 7 mm to 22 mm 
(Adams and Manolis 2014). These spiders 
spin tube webs on the surface and in the 
furrows of redwood bark (Figure 1). Their 
webs have a hole in the middle which leads 
to a den hidden in the furrows of the bark. 
Callobius are nocturnal and hide in their 
dens during the day. Emerging at night, they 
can usually be found in their webs or sitting 
in the entrance to their dens. Meanwhile, 
Calymmaria comprise another common 
genus and range in size from 2 mm to 9.8 
mm. They generally have easily identifiable 
striped black and brown legs and spin sheet 
webs inside the redwood tree furrows, using 
the furrow walls for structural support (Fig. 
1). They are nocturnal, seeking shelter in the 
furrows during the day and sitting in their 
webs at night. The Linyphiidae family of 
spiders are similar to Calymmaria in their 
characteristics and habitat. They are small in 
size, nocturnal, and weave sheet webs. The 
main distinction between the groups is that 
Linyphiidae webs are double-stacked sheet 
webs while Calymmaria webs are only single 
stacked. Because Calymmaria and 
Linyphiidae spiders share the same niche on 
redwood trees in that they construct sheet 
webs and use furrows as structural walls on 
either side, they were grouped together and 
termed “sheet web” while Callobius spiders 
remained in their own group termed “tube 
web.” 

2.2 Data Collection 

From July 31 to August 2, 2022, we 
sampled 60 trees for spiders along three 
trails near the Devils Creek/Big Creek fork: 
Whale Point Trail, Big Creek Trail, and Devil’s 
Creek Road. As we walked down the trail at 
each site, we selected the closest accessible 
redwood tree every 10 m. If we had 
exhausted the available trees using the 
systematic sampling method, we assigned a 
number to the leftover trees in the area and 
generated random numbers to sample. 
There was no minimum distance required 
between trees. We measured the 
circumference at breast height (1.35 m from 
the base of the tree) of each tree sampled. 
To measure the burn percentage of each 
tree, we used the same transect tape as a 
line along which we classified the 
percentage of burned area on each tree at 
breast height. We did this by measuring the 
length (cm) of black and charred area along 
the line intercept and then dividing that 
value by the total circumference. The furrow 
depth of redwood trees was estimated by 
measuring the 4 deepest furrows on each 
tree using a rectangular piece of cardboard 
pierced by a ruler. The dimensions of the 
cardboard were approximately 40 cm by 10 
cm, wider than any furrow we measured. We 
inserted the ruler into the deepest part of 
the furrow and slid the cardboard from the 
end of the ruler up, until it hit the shallowest 
part of the furrow. We averaged the four 
deepest furrow depth values which became 
our final furrow depth value for each tree. 
Next, we counted the number of tube and 
sheet webs within ½ m above and below the 
breast height transect line. We did not 
include webs that had a hole, tear, or debris. 
Each tree was marked with a reflective flag 
so that we could return to it at night. At least 
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half an hour after sunset, around 9 PM, we 
returned to each tree and counted how 
many of the previously recorded webs were 
now occupied by a living spider. To 
determine if a web was occupied, a spider 
had to be visibly on top of the surface of the 
web. We recorded the presence/absence of 
prey in the occupied webs. In two instances 
where random number generation resulted 
in trees to be sampled within 2 m of each 
other, we waited at least 20 minutes in 
between sampling each tree to allow spiders 
to reset in case of flight initiation due to 
sampling disturbance. 

2.3 Statistical Analysis 

For all statistical analyses, we used the 
software JMP 16 (SAS Institute Inc. 2022). All 
log transformations were conducted to 
normalize the data. The log of furrow depth 
was strongly associated with the log of 
circumference (N = 60, R2 = 0.79, p < 0.0001, 
log(tree furrow depth) = -0.789553+ 
0.6386997*log(circumference)).  Therefore, 
in order to test the effect of burn percentage 
independent of tree circumference, we used 
the residual from log(furrow depth) by 
log(circumference) as the response and burn 
percentage as the predictor. For the analysis 
of how furrow depth affects spider 
distribution, we ran a linear regression of 
log(sheet web density) as the response, and 
log(furrow depth) as the predictor. We then 
repeated the test, but with log(tube web 
density) in place of sheet web density. We 
used a linear regression to test how bark 
burn percentage influenced the density of 
occupied spider webs with prey. We only 
looked at the presence/absence of insects 
on occupied webs, excluding unoccupied 
webs to reduce errors associated with 
insects building up overtime. Again, we 

analyzed sheet and tube web groups 
separately. Finally, we ran a linear regression 
of log(web density) as a response and 
percent burned as a predictor, again looking 
at sheet and tube webs as two separate 
groups. 

RESULTS 

Overall, we found 260 sheet webs and 91 
tube webs across 60 redwood trees. The 
residuals of tree furrow depth decreased as 
burn percentage increased (N = 60, R2 = 0.11, 
p = 0.011, Fig. 2). Sheet web density 
increased with tree furrow depth (N = 60, R2 
= 0.12, p = 0.0066, Figure 3) while tube web 
density did not vary with tree furrow depth 
(N = 60, R2 = 0.034, p = 0.16, Fig. 3). Densities 
of sheet webs with prey were unaffected by 
burn percentage (N = 45, R2 = 0.017, p = 0.39) 
as were densities of tube webs with prey (N 
= 35, R2 = 0.011, p = 0.55).  Sheet web 
densities were unaffected by burn 
percentage (N = 60, R2 = 0.018, p = 0.31) as 
were tube web densities (N = 60, R2 = 
0.00068, p = 0.84). 

DISCUSSION 

Contrary to our hypothesis, burn intensity 
did not have a direct effect on spider density. 
However, burn intensity did have a direct 
effect on furrow depth. As burn intensity 
increased, furrow depth decreased. This 
suggests that the bark thinning effects of 
fire, mentioned in Spalt and Reifsnyder 
(1962), have the potential to reduce the 
structural complexity of redwood bark. As 
measured by furrow depth, we found that as 
structural complexity decreased, sheet web 
density decreased. This supports the 
findings of previous studies in which there 
was a positive relationship between structural
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Figure 2. Coast redwood burns decrease furrow 
depth. In Landels-Hill Big Creek Reserve, California, 
USA, from July 31 to August 2, the percentage of 
burned bark and the average tree furrow depth was 
calculated for systematically selected coast 
redwoods. The percentage of burned bark was 
calculated by measuring the total length of burned 
bark around the circumference of the tree at breast 
height (1.35 m) and dividing by the total 
circumference length. The average furrow depth was 
calculated by measuring the depth of the four 
deepest furrows. These measurements were then 
averaged for each tree and log transformed, and the 
residuals of the data were calculated. With an 
increase in burn percentage, there was a decrease in 
the tree furrow depth. 

complexity and spider density (Greenstone 
1984, Villanueva-Bonilla et al. 2021). 
However, while sheet web density exhibited 
a positive correlation with furrow depth, 
tube web density was unaffected by furrow 
depth. This suggests that tube web spiders 
may not be as dependent on structural 
complexity for web construction as sheet 
web spiders, supporting our initial 
observations that tube webs may not rely on 
deep furrows as much as sheet webs. 
Previous studies have compared the effects 
of differing structural features between soil 
dwelling and web building spider abundance 
(Rypstra et al. 1999). However, the 
comparisons between web types with 

respect to differing structural features have 
not been well studied. A specific study 
investigating the architectural features of 
web building habitats in relation to the types 
of webs constructed therein would be useful 
in understanding spider distribution. 

While burn intensity did affect furrow 
depth, contrary to our prediction, it did not 
affect spider prey availability. A possible 
reason for this is that the effects of burn 
intensity on the structure and color of bark 
are not strong enough to affect spider prey 
distributions. Previous research has found 
that insect populations decline immediately 
following forest fires and typically recover 
around three years after fire (Swengel 2001, 
Pryke and Samways 2012). Given that two 
years have passed since the fire at our study 
site, and that there is no difference between 
prey availability in areas with different burn 
intensity, it is possible that insect 
populations have recovered. This could be 
better tested by observing insect 
abundances outside the domain of spider 
web density. 

Combining the factors of furrow depth and 
prey availability, we predicted that as burn 
intensity increased, spider web density 
would decrease. However, we found that 
there was no overall effect of burn intensity 
on spider web density for both web types. 
This was unexpected given that furrow 
depth positively affected sheet web density. 
The effect of burn intensity on furrow depth 
was weak, as was the effect of furrow depth 
on sheet web density. Therefore, it is 
possible that these combined weak 
relationships created no overall effect of 
burn intensity on sheet web density. In 
addition, it is likely that because the density 
of occupied webs with prey was not affected 
by burn intensity, this contributed to the 
overall pattern of no effect of burn intensity  
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Figure 3. Coast redwood furrow depth affects sheet web (Calymmaria and Linyphiidae) density, but not tube web 
(Callobius) density. In Landels-Hill Big Creek Reserve, California, USA, from July 31 to August 2, we measured the 
average furrow depth, sheet web (Calymmaria and Linyphiidae) densities, and tube web (Callobius) densities on 
systematically selected coast redwoods. We measured the densities of webs within a 1-meter section around the 
circumference of each redwood tree. We averaged the depth of the four deepest furrows to calculate the tree furrow 
depth. Tree furrow depth and web densities were log transformed. With an increase in the average tree furrow 
depth, there was an increase in sheet web density but no effect on tube web density. 

 
on web density. Underwood and Quinn 
(2010) conducted a longitudinal study in 
which they surveyed spider populations 
every 32 days after fire in California oak 
woodlands. A similar longitudinal study 
conducted in redwood forests could give 
insights as to how the relationship that we 
observed between burn intensity and spider 
density changes over time.  

In conclusion, we found spiders to be 
resilient to redwood habitat changes caused 
by fire. Two years after fire, burn intensity 
had no effect on spider distribution. 
Observing how burn intensity affects spider 
distribution in coast redwood forests can 
give us a representation of how fire affects 
the entire ecosystem. Because spiders can 
be used as effective ecological indicators, 
our results suggest a high degree of 

resilience in redwood forests with strong 
rebounding capabilities as a fire-adapted 
ecosystem. 
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