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To test for resource partitioning in wrack-associated sandy beach macrofauna, I examined the 
effects of wrack pile age, composition, cover, and distance from the swash zone on Diptera (flies) 
and talitrid amphipod (Megalorchestia spp.) distributions on a Northern California sandy beach 
using a factorial experiment and observational surveys. Ephydrid flies were correlated with local 
wrack pile size while Fucellia rufitibia flies appeared to be correlated with broader algal cover on the 
beach. While both presumably feed on algae, algal cover on different spatial scales determined the 
distribution of these flies. The effect of wrack pile age on animal abundances depended on the type 
of wrack, with the older piles of certain algae harboring more flies. Amphipods were found closer 
to the swash zone, where fresher, moister wrack tends to be located. These differences in animal 
distribution patterns imply that talitrid amphipods and beach flies exhibit resource partitioning 
as a result of how their natural histories and traits interact with tidal and diurnal cycles. Spatial 
distributions of sandy beach macrofauna appear to be determined by many various abiotic and 
biotic factors.
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Introduction
 With very little primary production of their 
own, sandy beach ecosystems are dependent on 
allochthonous input, mostly in the form of stranded 
beach wrack (Polis and Hurd, 1996, Colombini and 
Chelazzi, 2003). Talitrid amphipods and Diptera 
(kelp flies) are major processors of beach wrack and 
are extremely important in making the carbon and 
nutrients available for consumers higher up on the 
trophic web, such as shorebirds (Dugan et al., 2003, 
Hubbard and Dugan, 2003, Lastra et al., 2008). Thus, 
amphipods and kelp flies have been considered 
possible indicators of beach health (Nielsen et al., 
2013). Many of the factors influencing the spatial 
distribution and colonization patterns of these 
organisms, however, are still not fully understood 
(Pelletier et al., 2011). For instance, Nielsen et al., 

(2013) described a negative relationship between 
talitrid amphipods and kelp flies caught in traps 
across and within Northern and Central California 
beaches. As substrate and feeding preferences of 
various sandy beach invertebrates vary with wrack 
age and type (Pennings et al., 2000, Foulad, 2004, 
Nasseri, 2004), this relationship was suspected to 
be indicative of resource partitioning, which, if 
present, would alleviate interspecific competition. 
In this study, I examined whether wrack age and 
type influence the spatial distribution of sandy 
beach macrofauna by setting out piles of wrack 
and conducting surveys of naturally occurring 
wrack on a Northern California sandy beach. 
Talitrid amphipods, the kelp fly Fucellia rufitibia, 
and ephydrid flies were targeted since they are 
key primary consumers on sandy beaches and 
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commonly utilize the stranded wrack for food.

Materials and Methods

Effect of algal composition and age on 
macrofauna 
 Wrack piles of different wrack types, chosen 
for their abundance in natural wrack, were set out 
on Horseshoe Cove to test for resource partitioning 
in Diptera and talitrid amphipods by wrack age and 
type. Egregia menziesii, Macrocystis pyrifera, and 
Zostera marina were collected from Schoolhouse 
Beach, Doran Beach, and Bodega Harbor, respec-
tively, and stored in outdoor flow-through tanks. 
Cryptopleura ruprechtiana was collected from 
Schoolhouse Beach and stored in an indoor flow-
through tank. All algae and seagrass were rinsed 
with freshwater prior to placement on the beach to 
remove undesired organisms. 
 A 235 m transect 1 m shoreward of the 
spring tide wrack line was run along the wrack line 
across Horseshoe Cove from the north boat ramp 
area to the south end. Marking flags were placed 
every 1.5 m along the transect where possible for a 
total of 112 flags. A circular area 0.5 m around each 
flag was cleared daily to remove any effect of non-
experimental wrack. Nine piles of each alga and 
seven piles of Zostera (100 g each) were wrapped 
around randomized flags one, three, and seven 
days before sampling (May 27, 2014). Sample 
sizes for Zostera piles were reduced due to limited 
availability of eelgrass. For Macrocystis, only the 
blades of the alga were used. Ten flags were left 
clear to serve as controls for wrack cover.  The beach 
angle was later measured every 30 meters along the 
flag line (1 m shoreward of the highest wrack line) 
using a M-D Building Products SmartTool level.
 Sampling was performed by placing sticky 
fly paper (Revenge© Fly Catcher) on the piles and 
folding them once around the flag to minimize 
movement caused by wind (Figure 1). After 45 
minutes, the fly paper was removed, folded in half, 
and placed into a gallon zip-loc bag. The bags were 
frozen for at least 1 hour then assessed for talitrid 
amphipods and Diptera. Sampling was performed 
around dusk (7 P.M., flood tide) to maximize the 

number of active talitrid amphipods. Traps that 
were not properly deployed or excessively sandy 
were excluded from data analysis. The macrofauna 
counts were square-root transformed and then 
analyzed using a two-way analysis of variance 
(ANOVA) in JMP with wrack species and pile age 
as categorical fixed effects.

Algal cover survey
 On the morning of June 2, 2014, a transect 
was run from the top of the wrack zone to the swash 
zone (20-30 m) approximately every 30 m along the 
235 m section of beach used previously for a total 
of six transects. All wrack cover within 0.5 m of the 
transects during a low tide (0.5 m above MLLW) 
was recorded. Wrack coverage was analyzed with 
local Diptera counts (defined as the average Diptera 
count of each experimental pile within 6 m of the 
transect) using linear regression. 

Natural wrack survey
 Over the span of a few days (May 31 
through June 3, 2014), naturally occurring piles of 
wrack on the beach were selected based on algal 
composition and marked with flags. Piles that were 
skewed toward a single type of algae were targeted 
in order to analyze the effects of algae types. Sticky 
traps were placed next to the flag, in the same 
orientation as the wrack line. After 15 min, traps 
were collected and folded into a gallon zip-loc 
bag. A quadrat (1 m2) was centered on the flag and 
used to determine the coverage of brown algae, red 
algae, and Phyllospadix sp. The distance from the 
piles to the swash zone at the time of sampling was 
measured as a proxy for moisture level of the pile, 
which was expected to affect animal abundances. 
The sticky traps were frozen for at least one hour 
then assessed for talitrid amphipods and Diptera. 
Surveys were performed between 5 P.M. and sunset 
(ebb tide) to target peak amphipod and fly activity. 
Macrofauna counts were square-root transformed 
and then analyzed using multiple linear-regression 
analysis in JMP with brown algal cover, red algal 
cover, and Phyllospadix sp. cover as factors. 
Square-root transformed counts of each target taxa 
were also analyzed using multiple linear-regression 
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Natural wrack survey
 A total of 24 naturally occurring wrack piles 
were surveyed. Ephydrids were linearly correlated 
with brown and red algae, but not Phyllospadix sp. 
(P = 0.0219, R2 = 0.51, Table 4). Talitrid amphipods 
and Fucellia rufitibia were not significantly 
correlated with either algal cover or Phyllospadix 
sp. cover (P = 0.574, P = 0.750). The number of 
active talitrid amphipods trapped was inversely 
correlated with distance from the swash zone (P = 
0.0339, R2 = 0.266, Figure 8). Species abundances 
were not correlated with one another (Figure 9, 
Table 5). 

Discussion

Effect of algal composition and age on 
macrofauna
 Nasseri (2004) demonstrated a strong 
preference for aged Egregia, but this preference 
was not evident in our data.  Furthermore, while 
the wrack used in Nasseri (2004) was aged for a 
much shorter period of time, our results supported 
the importance of wrack pile age in determining 
macrofaunal responses.  In accordance with 
Jedrzejczak (2002), peak amphipod and Diptera 
abundances were expected in three-day old piles. 
The traps only captured a total of 11 amphipods, 
most likely a result of the experimental piles being 
placed too high on the beach relative to the tidal 
height (approximately 1 m above Mean Lower Low 
Water) during the sampling period. Amphipods, 
when present, were found only in one and three-
day old piles (Figure 4). Younger piles may be 
more hospitable to amphipods due to their higher 
moisture. While this pattern may be suggestive of 
amphipod preference for relatively younger piles, 
the variance in amphipod counts was too high to be 
significant. 
 Fucellia rufitibia abundances, unexpectedly, 
were greater in seven-day old Cryptopleura piles 
than three and one-day old Cryptopleura piles. If 
amphipod abundance peaks one day after wrack 
deposition, the transition from the subsequent 
decline in talitrid amphipods and increase in Diptera 

analysis with the square-root transformed counts of 
other taxa to detect any relationships between taxa 
counts.

Results

Effect of algal composition and age on 
macrofauna 
 Most of the animals trapped were either 
Fucellia rufitibia or an ephydrid fly. Other 
macrofauna, including talitrid amphipods and 
beetles, represented less than 1% of animals trapped 
and were found in only 15% of piles. In contrast, 
Fucellia rufitibia and the ephydrid fly were found in 
89% and 32% of experimental piles, respectively; 
83% of the total animals counted were Fucellia 
rufitibia and 16% were the ephydrid fly (Table 
1). Aging affected Fucellia rufitibia abundances 
differently depending on the algal species, as 
indicated by the statistically significant interaction 
(P = 0.0475, Figure 2). The older Cryptopleura 
and Zostera piles had approximately 150% more 
Fucellia rufitibia (Table 3). Wrack type and pile 
age, separately, had no statistically significant 
effect on the abundances of talitrid amphipods or 
either Diptera species (Figure 3, Figure 4, Table 2). 
Diptera counts showed a positive trend with wrack 
age, however, talitrid amphipod counts showed a 
negative trend (Figure 4). More Diptera were found 
on piles towards the middle of the beach overall 
(Figure 5). Ephydrid flies alone did not exhibit this 
pattern (Figure 7). Beach angle (data not shown) 
along the experimental piles varied between 6.8° to 
12.5° with an average of 9.5° and did not appear to 
be relevant to Diptera or amphipod abundances. 

Algal cover survey
 The percentage of beach with algal cover 
increased towards the middle of the beach in the 
alongshore direction (Figure 5).  The highest algal 
cover was found about 70 m away from the south 
end of the beach (13.5% algal cover), approximately 
five times as much as 235 m away (2.8%) and twice 
as much as 25 m away (4.8%). Diptera counts from 
experimental piles were highly correlated with 
algal cover (P = 0.0013, R2 = 0.93, Figure 6)
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the spatiotemporal patchiness of wrack deposition, 
but this was not possible due to time constraints. 
While the algal cover survey only consisted of six 
band transects and suffers from the aforementioned 
problems, visual observations found the general 
pattern of increased algal cover towards the center 
of Horseshoe Cove appeared to be consistent over 
time and became even more extreme with stormy 
weather. 

Natural wrack survey
 Since amphipods require moister 
environments (Morritt, 1998), active amphipods 
were expected to be found predominantly near the 
swash zone. Although both ephydrid and Fucellia 
rufitibia abundances were expected to be strongly 
correlated with algal cover, only the ephydrids 
were significantly linearly correlated with algal 
cover in the survey of natural wrack. This strongly 
suggests that this species of ephydrid flies is closely 
associated with algal wrack. They most likely feed 
on the algae, but, since sandy beach ephydrids have 
widely varying feeding habits (Foote, 1995), this 
cannot be known for certain without genus-level 
identification or further experimentation. Given 
that Fucellia rufitibia was driving the correlation 
between Diptera and algal wrack cover previously 
mentioned, Fucellia rufitibia was also expected 
to be significantly correlated with algal wrack 
cover. This may not have been observed due to the 
smaller scale of the sampling method used in for 
the natural wrack survey. Fucellia rufitibia flies 
may be more mobile than the smaller ephydrid 
flies and move around in large areas with abundant 
wrack. In this case, a correlation between Fucellia 
rufitibia abundance and algal wrack cover might be 
observed if a larger quadrat is used or if a larger 
area is subsampled. The inverse relationship 
between active talitrid amphipods and distance 
from the swash zone found in this survey suggests 
that the lack of amphipods in experimental sticky 
traps may be a result of sampling between high tide 
and low tide. Talitrid amphipods require moist sand 
to respire, but are relatively poor swimmers. Thus, 
the amphipods must move up and down beaches 
with the tide to stay near wet sand. This appears 

may generate an inverse relationship between 
the two similar to that described in Nielsen et al., 
(2013). These findings suggest temporal resource 
partitioning by talitrid amphipods and Fucellia 
rufitibia, but further evidence is necessary to 
draw this conclusion. Regardless of any temporal 
resource partitioning, talitrid amphipods may still 
compete for food since any algae consumed by 
talitrid amphipods will be unavailable for usage by 
Fucellia rufitibia.
 Due to the high variance within treatments 
and the loss of piles over time, final sample 
sizes may have been inadequate to discern finer 
differences. While piles were generally uniformly 
lost, as a result of high swells and strong winds in 
the days before sampling, seven out of nine seven-
day old Macrocystis piles were lost. Macrocystis 
blades may be more vulnerable to being blown away 
by wind when dried or may have been completely 
consumed within a week, the latter of which is 
supported by observations that Macrocystis blades 
can be rapidly consumed by talitrid amphipods 
(Lastra et al., 2008). The strong influence of larger 
scale wrack patterns, as revealed by the algal cover 
survey, likely contributed greatly to variation within 
treatments in the experiment.

Algal cover survey
 The trend in the sticky trap data suggests 
that the spatial distribution of Diptera may be 
mainly determined by factors on a much larger 
scale than single wrack piles. On average, piles 
between 70 and 130 m from south end of the beach 
had three times as many flies as all other piles. 
The spatial pattern of Diptera abundance Fucellia 
rufitibia, which comprises 83% of the total animals 
trapped, is the main species driving this pattern.  
Due to their dependence on algal wrack (Huckett 
1971), this pattern is likely explained by the 
larger scale patterns in algal wrack cover. Fucellia 
rufitibia flies are highly mobile and can easily 
move between piles within a larger area. Local 
scale cover, instead, appeared to be more important 
to the less mobile ephydrid flies. The band transects 
used in the algal cover survey would ideally be 
larger and repeated several times to accommodate 
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cycles and the traits and natural histories of sandy 
beach arthropods generates an incredibly intricate 
pattern of species distributions and interactions. 
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to limit them to consuming piles closer to the 
swash zone. Since wrack piles closer to the swash 
zone are generally younger, these findings provide 
additional evidence for spatial and temporal 
resource partitioning between talitrid amphipods 
and Fucellia rufitibia. Further work is necessary 
to determine the degree and role of competition 
between beach arthropods.

Conclusion
 Patterns in Diptera and talitrid amphipod 
distributions appear to be influenced by a variety 
of factors ranging in scale. Wrack pile composition 
and age together are important factors in pile-level 
Fucellia rufitibia spatial distribution, but total algal 
cover seems to be a much better predictor of kelp fly 
abundance in general. Fucellia rufitibia distribution 
patterns may be determined by algal cover on a 
much larger scale than ephydrid flies. The spatial 
distribution of different species may be determined 
on different scales even if they depend on the same 
resource, as in the case of Fucellia rufitibia and the 
ephydrid flies in this study. 
 I was unable to capture adequate numbers 
of talitrid amphipods in my traps, but future studies 
could remedy the problems encountered in this 
study and maximize amphipod representation in 
traps by sampling when high tides occur at dawn 
or dusk. Talitrid amphipods and Fucellia rufitibia 
still appeared to exhibit some spatial and temporal 
resource partitioning. Talitrid amphipods, which 
require moist sand, are constrained to wetter areas 
near the swash zone. Flies, which prefer older 
wrack, will tend to be found higher up on the 
beach. These two species have dynamic spatial 
distributions that vary in overlap with the tidal 
cycle. As the swash zone moves up the beach with 
the tide, talitrid amphipods can access higher, older 
wrack piles typically available only to flies and the 
spatial distributions of flies and talitrid amphipods 
will overlap more. In addition to distance from 
the swash zone, which is presumably a proxy for 
sand moisture, the spatial distribution of talitrid 
amphipod may be influenced by other abiotic 
factors, such as sand grain size and beach angle. 
The complex interaction between tidal and diurnal 
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Figures

Figure 1. This figure demonstrates a typical experimental wrack pile with a deployed trap. Algae and 
eelgrass were wrapped around the flag when placed to minimize movement due to wind. Any wrack within 
0.5 m of a flag was removed daily. Due to severe winds during the sampling period, sticky traps were 
folded in the same direction of the wind to minimize trap movement.
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Figure 2. Average animal counts plotted by experimental pile age and wrack type. Treatments not 
connected with the same letter are significantly different for Fucellia rufitibia abundance. Panels have 
varying vertical axis scales. Error bars represent ±1 standard error.



UC Davis | EXPLORATIONS: THE UNDERGRADUATE RESEARCH JOURNAL
Vol. 17 (2015) B. Nguyen p.9    

9

Figure 3. Average animal counts plotted by experimental pile wrack type. Error bars represent ±1 standard 
error.
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Figure 4. Average animal counts plotted by experimental pile age. Error bars represent ±1 standard error.
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 Figure 5. Diptera counts and wrack cover plotted by position. Diptera counts on experimental piles are 
correlated with surveyed local wrack cover.

  
Figure 6. Local Diptera counts from experimental piles plotted against surveyed wrack cover. Wrack cover 
described nearly all of the variation in local Diptera densities on experimental piles (linear regression, 
P=0.0013, R2=0.93).
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Figure 7. Wrack cover and ephydrid fly counts plotted by position. Ephydrid flies counts did not seem to 
be closely correlated with larger scale algal cover.

Figure 8. Talitrid amphipod count was inversely correlated with distance to the swash zone (P = 0.003, 
R2 = 0.335).   This relationship may explain the low numbers of talitrid amphipods in experimental wrack 
piles.
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Figure 9. Animal counts (square-root transformed) were not significantly correlated with each other.
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Tables

Table 1. The number of traps with each target species and total capture counts.
Animal # of traps captured in count % of total animals
Fucellia rufitibia 82 1460 83
Ephydrid fly 29 286 16
Talitrid amphipod 7 11 1
Total animals 86 1757 100

Table 2. P-values for two-way ANOVA analysis of animal counts in experimental pile traps with wrack type, age 
and the interaction between type and age as factors. * represents P < 0.05.

Animal Wrack type Age (days) Wrack type*Age 
interaction

Fucellia rufitibia 0.722 0.763 0.048*
Talitrid amphipods 0.742 0.274 0.624
Ephydrid flies 0.066 0.350 0.068

Table 3. Significant pairwise Student’s t-tests for the ANOVA interaction effect between wrack type and wrack 
age. Seven-day old Cryptopleura had significantly more Fucellia rufitibia than both three- and one-day old Cryp-
topleura. Three-day old Zostera had significantly more Fucellia rufitibia than one-day old Zostera. 

Wrack Type Compared to Relative Difference t-values P
7-day old 
Cryptopleura

> 3-day old 
Cryptopleura

340% 2.817 0.0188

7-day old 
Cryptopleura

> 1-day old 
Cryptopleura

241% 3.192 0.0057

3-day old Zostera > 1-day old Zostera 269% 2.173 0.0303

Table 4. Multiple linear correlation analysis coefficient estimates for ephydrids flies found that ephydrids are 
significantly positively correlated with brown and red algal cover, but not Phyllospadix sp. cover.

Wrack 
type

Estimated correlation coeffi-
cient

P-val-
ues

Brown 
algae

0.159

Red algae 0.140
Phyllo-

spadix
-0.023
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Table 5. The animal counts from the natural wrack survey were not correlated with each other when analyzed 
using multiple regression analysis with counts of other target taxa as factors. 

Predicted taxa R2 P-val-
ues

Ephydridae 0.06 0.525
Talitridae 0.01 0.870
Fucellia rufitibia 0.05 0.598
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