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Abstract 
 
We present a highly resolved, species-rich food web, including parasitic interactions, for the California 
rocky intertidal zone. The food web, which is a meta-web inclusive of all rocky intertidal taxa in California, 
is comprised of 1994 nodes, representing 1901 taxa, and 15,601 links that illustrate trophic interactions 
between nodes. While only 670 links represent parasitic interactions, we have assembled possibly the 
most speciose parasite-inclusive food web ever published. The inclusion of all nodes and links are 
justified using multiple lines of evidence which are built into the dataset. In addition, metadata, including 
trophic strategy, taxonomic information, habitat, and other ecological attributes allow the data user to 
filter the food web to their specifications. The food web is a powerful and flexible tool for researchers with 
questions about large network properties, ecological dynamics of rocky shores, and the role of parasites 
in ecosystems. Our food web can be used to predict how complex ecosystems like the California rocky 
intertidal will respond to anthropogenic change and management strategies. 
 
Background & Summary 
The California rocky intertidal zone is an iconic habitat with a rich history of foundational ecology and 
natural history. Due to the biodiversity and ease of access of the rocky intertidal zone (RIZ) ecosystem, 
it became a hub of experimental ecology in the 1960s and 70s1,2; as a result, there is a comprehensive 
body of literature on RIZ interspecies interactions. Unfortunately, the accessibility and natural appeal that 
facilitated decades of intertidal research also poses a conservation challenge for the RIZ, especially on 
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Ecological network structure (properties of food-web networks such as stability, nestedness, centrality, 
and connectedness) can add depth to simple metrics such as species richness, which has previously 
been a common focus of conservation efforts39. Food webs represent a tangible link between basic 
research and conservation priorities. For example, loop analysis
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contains within it several habitats, including the splash zone, high and low tide pools, exposed 
outcroppings, reef flats, boulder fields, surge channels, surfgrass beds, and mussel clumps.  
 
This study focused on rocky intertidal organisms present along the coast of California, comprised of two 
major biogeographic zones: the Oregonian Province to the north of Point Conception and the Californian 
Province to the south. The field sampling component of this research was centered at Santa Barbara, 
CA, whose proximity to Point Conception results in a mix of southern and northern species (Figure 1). 
For this reason, we include organisms with geographic ranges both north and south of Point Conception 
in the meta-food web, allowing end-users to subset the data set to their region of interest. 
 
Data Sources 
 
In the construction of a food web for the California rocky intertidal we intended to develop a meta-network 
that represented both published and novel empirical observations. The network is designed to grow and 
change as new nodes and links are observed. To this end, we used two foundational rocky intertidal 
guides61,62, and expert observers (e.g. University of California Natural Reserve Managers, the Multi-
Agency Rocky Intertidal Network [MARINe]) to first create a comprehensive species list for California. 
This species list included fishes, invertebrates, microorganisms, algae, and known parasites. The 
preliminary list was augmented using direct observations, primary literature, and grey literature. 
 
Birds received special consideration as frequent visitors to the intertidal and important top predators in 
the system. Unlike for fish and invertebrates, there is no single primary literature source describing rocky 
intertidal birds, given that many birds are transient or forage additionally in other habitats. Given these 
challenges, we based our bird list on a systematic survey of birds foraging in intertidal habitats at Coal 
Oil Point Reserve in Santa Barbara, CA, published in Lafferty (2001)63. We were given access to the raw 
data from the Coal Oil Point Reserve surveys and reanalyzed these data to focus specifically on species 
actively foraging in the RIZ. We augmented our bird list based on species-specific literature and expert 
opinion. 
 
Trophic links (including reports of parasitism) were first determined using a systematic literature review 
(Web of Science and Google Scholar). One major source of interaction data was another comprehensive 
food web for the Northeastern Pacific rocky intertidal, the Sanak Archipelago, Alaska food web first 
published by Wood et al., 201564, and refined by Dunne et al., 201630.  We first subsetted the Sanak 
intertidal food web from Dunne et al., 201630, to only include organisms from our California RIZ node list 
and then reconstructed the interactions using Sanak food-web data. We acknowledge that other food 
webs for the Northeastern Pacific rocky intertidal exist (e.g. Wootton, Sander, and Allesina, 201665), but 
found the Sanak food web to be the only one accurate enough, taxonomically resolved enough, and 
similar enough to our system to justify incorporation. We also conducted targeted sampling of mostly 
decapod crustaceans and fish on the southern and central coast of California to further determine trophic 
and parasitic relationships amongst major consumer groups. See Food Web Assembly below for exact 
food web construction methods. 
 
Sampling Methods 
 
We collected fishes and invertebrates to include diet and parasitological information for organisms that 
were underrepresented in the literature or whose trophic relationships were understudied. Additional 
species were collected opportunistically. Collection sites included eight rocky intertidal zone areas both 
north (Rancho Marino University of California Natural Reserve, Hazard Canyon, Shell Beach, Jalama 
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Fishes 
Fishes were collected from tide pools and channels by hand using dip nets. Fishes were collected 
opportunistically and no specific species were targeted, as tide pool fish diets and host-parasite 
relationships are relatively well studied66. Specimens were collected and euthanized in the field under 
CDFW Scientific Collecting Permit S-190930002-21064-001 and University of California Santa Barbara 
IACUC protocols 935.1 and 945.1. 
 
Invertebrates 
Invertebrate species with no known reports of parasites were prioritized for collection. Invertebrate taxa 
were prioritized that are considered well-suited intermediate hosts for trophically transmitted parasites 
(e.g. mollusks and crustaceans). Invertebrates were collected by hand opportunistically from tidepools, 
channels, rocks, crevices, and sediment. Invertebrates were kept alive in flow-through seawater until 
dissection or frozen for subsequent parasitological examination.  
 
Parasitological Assessment 
Fishes and invertebrates were thoroughly assessed for potential parasites and diet determination. 
Exterior tissues (skin or carapace, fins or limbs, gills, mouth, and nasal cavities) were examined under a 
stereomicroscope for ectoparasites. We used a glass slide to scrape mucus to remove and detect cryptic 
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taxonomy. Life stages within a species were included as separate nodes when an organism switched 
trophic function from one life stage to another and these functionally distinct life stages existed in the 
RIZ. For example, many species of pycnogonids (sea spiders) have parasitic larvae that form galls within 
their cnidarian hosts but are commensal filter feeders as adults; these pycnogonids therefore were split 
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eat fish in the genus Sebastes in California tide pools, then we would include a link between L. argentatus 
and all Sebastes species in our node list, but with a confidence level of 2 instead of 1. 
 
Metadata 
Additional metadata for each node includes species consumer type (e.g. predator, detritivore, autotroph, 
parasite, etc. defined by Lafferty et al. (2015), commonality, size range, taxonomic information (phylum, 
class, order, family), tidal zone association, habitat association (e.g. algae holdfast, water column, rock 
surface, host), and geographic range. Commonality for most organisms was copied from the primary 
literature source(s) related to each node. For birds specifically, commonality was determined primarily 
using raw data on density of birds actively feeding in the RIZ at Coal Oil Point Reserve in Santa Barbara, 
CA, from 1999-2000 and published in Lafferty (2001)63 (for RIZ birds not present in these data, 
commonality was determined as for non-bird species). Metadata for each link includes the interaction 
type (expanding on the framework defined by Lafferty and Kuris, 200269), rocky intertidal zone where the 
interaction takes place, the habitat where the interaction takes place (e.g. pools, exposed rock, or both), 
the locality or localities where the interaction was observed, and references. See column_descriptors.csv 
for detailed definitions of each metadata type and possible values. This food web is topographic and 
does not include interaction strength or link weights. 
 
Missing and Excluded Links 
We acknowledge that many RIZ organisms broadcast spawn and have pelagic offspring, and that the 
consumption of these propagules by indiscriminate filter feeders is likely an important process within the 
RIZ foodweb. However, we chose to exclude these assumed feeding interactions from the list of links 
unless there was explicit evidence of the interaction in our observations or in the literature. Instead, we 
included aggregated nodes as resources for filter feeders as mentioned above. 
 
We also acknowledge that, as with other food webs, there are likely many missing links in this web and 
that those missing links likely represent biases in the greater RIZ research lexicon. For example, our 
dataset contains relatively few parasitic links compared to other similar food webs42,44, which could simply 
indicate that the RIZ has not been as well sampled for parasitic taxa. However, we are only including 
links that have referenceable evidence for their inclusion instead of attempting to mathematically estimate 
the likelihood of real but unobserved links. Therefore, link density is likely underestimated in our web to 
an unknown amount, notably in contrast with Morton et al., 202144, wherein links were statistically 
estimated.  
 
Food Web Construction 
 
The food web was constructed and visualized using the igraph, cheddar, NetIndices, and VisNetwork 
packages in R Version 4.4.070
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inferred using logic. Codes indicating the type o
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Figure Legends 

Figure 1. Satellite map of the eight sites used for collection of rocky intertidal zone fish and invertebrates. 
Point Conception is indicated by a larger yellow circle to signify the biogeographic break between the 
Oregonian Province (north) and the Californian Province (south). 
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