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CHAPTER 9



Food webs and parasites in a salt marsh ecosystem Kevin D. Lafferty, Ryan F. Hechinger, Jenny C. Shaw, Kathleen Whitney, and Armand M. Kuris



9.1 Background Our mothers teach us to grill our meats “well done” and chew them thoroughly. Even if mom did not know why she insisted, both are good precautions against parasites. Parasites may be in our food, but they are not in our food webs. Is it necessary to take the precaution of considering them? In this chapter, we argue that parasites affect important properties of food webs and that it may be difficult to fully understand ecosystems without considering parasites. Food webs depict trophic interactions among networks of consumers, producers, and non-living material. Units in food webs range from specific life-cycle stages of species to broad taxonomic/ functional groups. At the most basic level, food webs are static diagrams or matrices of who eats whom (topological webs). Some food webs track flows of energy and matter among links (bioenergetic webs). Other food webs denote the strengths of interactions among species (interaction webs). The food-web framework captures much of the current theory on how habitat heterogeneity, species richness, trophic cascades, indirect mutualism, apparent competition, intraguild predation, environmental change, ecosystem stability, nutrient dynamics, and productivity affect community structure (Paine 1988; Winemiller and Polis 1996). Food webs also aid applied research by providing a better understanding of pest control, environmental contamination, bioremediation, and fisheries management (Winemiller and Polis 1996). Published food webs vary considerably in quality and detail, but nearly all exclude consumers that are not readily detectable, such as endoparasites and



other infectious agents (Polis 1991; Cohen et al. 1993). Indeed, perhaps because they are difficult to detect, typical parasites have been historically lacking from the bulk of ecological theory. However, parasitism is arguably the most prevalent lifestyle among animals (Price 1980; DeMeeûs and Renaud 2002). As ecologists increasingly consider the role of parasites in ecosystems, it is becoming clear that parasites are embedded in food webs and may need to be considered in food-web theory (Polis 1991; Cohen et al. 1993; Marcogliese and Cone 1997; Marcogliese 2003). Incorporating parasites, as we have done here, helps illuminate the role of parasitism in natural communities (Dobson et al. 2005), and reveals how changes in community structure may affect rates and patterns of parasitism. Almost all published food webs describe predator– prey links (e.g. lion–gazelle–grass). Food webs of insect parasitoids and their hosts have also been developed because parasitoids are relatively easy to observe when they emerge from their hosts (Lawton 1989). The full food web in any given community will likely contain predator–prey, parasitoid–host and parasite–host interactions, as well as other trophic interactions described below. However, few community food webs have incorporated more than one of these subwebs. In a key exception, Memmott et al. (2000) added a parasitoid–host subweb to a rich web of herbivorous insects, plants and predators. They found that adding parasitoids greatly decreased the web’s overall connectance (the average proportion of other species with which each species interacts). This was, in part, due to the relatively high host specificity of 119
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parasitoids. Differences between predator–prey and parasitoid–host food webs arise largely because parasitoids are intimate with a single host, while predators have brief interactions with many different prey individuals (Lafferty and Kuris 2002). This comparison illuminates how different types of natural enemies can have different effects on food-web properties. Analysis of topological predator–prey and parasitoid–host subwebs has led to the discovery of general patterns (Pimm et al. 1991). Published webs usually contain three to four trophic levels and an average of less than one predator or parasitoid species per prey or host species. Neither the relative abundance of members in each trophic level, nor the density of linkages varies with the number of species in the web. Finally, omnivory (feeding at more than one trophic level), is less common than would be expected by chance. Such generalizations have received substantial criticism because of the problems concerning data quality associated with the published food webs (Polis 1991). Rules for assembling topological webs have been inconsistent, and many topological webs seem to reflect authors’ conception of what a web should look like rather than direct measurements from nature (Paine 1988; Polis 1991). Studies of interaction webs have generated less contentious predictions, for example, about stability (the ability of a food web to return or maintain equilibrium in the face of disturbance). The stability of a food web is predicted to decrease with (1) diversity, (2) connectance, and (3) the average strength of an interaction (May 1973). With greater species diversity, there are simply more opportunities for instability to arise. Furthermore, strong links allow instability to readily propagate between species. In contrast, many weak interactions may increase ecosystem stability (McCann et al. 1998). Conclusions based on food webs of parasitoids or predators do not necessarily inform us about the role of typical parasites in food webs. At first, the small body size of an individual parasite relative to its host and its generally nonlethal effect implies that a parasite species plays a small role in the flow of energy through a food web. However, parasites have a durable relationship with their host and, unlike predators, their consumption continues over



time. Unlike predators, parasites are very efficient at converting what they consume into reproductive output (Whitlock et al. 1966; Ractliffe et al. 1969). Even if an individual parasite has a minor impact on the host, when summed over a large population of parasite individuals within the host, the impact may be large. For instance, for lambs with highintensity infections of Haemonchus contortus, the sheep stomach barber-pole worm, the continual export of host energy may result in severe anemia (Ractliffe et al. 1969). Such energetic conversion from a host to a parasite infrapopulation (a population of parasites within a host) could profoundly affect food-web dynamics and topography. Unfortunately, parasite–host links are relatively difficult to elucidate and only a handful of studies have included typical parasites (incorporated as top predators) in food webs (see review in Sukhdeo and Hernandez 2004). In a pioneering study, Huxham et al. (1995) incorporated 42 helminth parasites into an 88-species food web for the Ythan Estuary (Aberdeenshire, Scotland). The resulting greater chain lengths and higher proportion of top species were the logically necessary outcomes of affording parasites top-predator status. Also, parasites decreased connectance and increased omnivory (a common food-web statistic) because parasites with complex life cycles usually feed at multiple trophic levels (Huxham et al. 1995). More recently, Thompson et al. (2005) explored the role of nine parasite species (as top predators) in a mudflat food web with 67 free-living species and broad categories for basal taxa. In addition to generally supporting the conclusions of Huxham et al. (1995), they investigated the effects of each parasite species in the web. They found that parasites only mildly decreased connectance. Only one of the nine parasite species, a trematode, strongly affected the food web, suggesting that generalist parasites with complex life cycles have disproportionate effects on food webs. Here, we construct a topological food web for an estuary in which we have been studying the role of parasites in ecosystems. We use this food web to help investigate how macroparasites affect community structure. Our goal was to determine how the inclusion of parasites would alter common food-web metrics, such as the number of links,
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connectance, and vulnerability (the number of enemy species per prey or host). We not only discovered that parasites significantly changed these food-web metrics, but we also uncovered previously unanalyzed classes of food-web interactions. Explicit inclusion of parasitic interactions serves to increase understanding of community structure, and further integrates the impact of infectious diseases into community ecology.



9.2 Methods 9.2.1 Defining the study system We have investigated the ecology of larval trematode host-parasite interactions in southern California (USA) and Baja California (Mexico) salt marshes for over two decades, and recently began quantifying host distribution and abundance. Our goal was to develop an accurate and comprehensive topological food web for a small estuary, including information on the parasites. The study site, Carpinteria salt marsh, is a 93-ha wetland and upland habitat located 19 km east of Santa Barbara, CA (34°24 N, 119°3130 W). The estuary consists of a pickle weed (Salicornia virginica) dominated marsh with unvegetated pans, mudflats, and tidal channels that are fed by two seasonal creeks. Although residential and commercial development surrounds the area, the University of California, Santa Barbara Natural Reserve System protects and manages the marsh for scientific research. It serves as the primary site for our long-term studies on ecological parasitology. Although real food webs may spread over large spatial and temporal scales, topological webs must be constrained by defined limits. We constrained the Carpinteria salt marsh food web to tidally influenced soft sediment and vegetated habitat, excluding several habitats supporting species with trophic links to estuarine species in our web. For example, food and nutrients enter the estuary from streams during the wet season and from the ocean on each incoming tide. Also, many terrestrial birds, mammals, and invertebrates (particularly insects, Cameron 1972) feed along the upland edge of the estuary. Finally, hard substrate at the mouth of the estuary provides habitat for species that are more
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characteristic of the open shore. Constraining the food web spatially helped limit the host species pool in the food web to a tractable list.



9.2.2 Naming the players and links We used species as our preferred taxonomic unit and included known, but unidentified or undescribed “morphospecies.” Although we strived to use precise and accurate taxonomy, some members of the food web were grouped into categories (e.g. copepods). We primarily used information from plant transects, bird surveys (R. Hansen, unpublished data), fish seine hauls, and benthic infaunal cores (sieved through either 5 mm or 1 mm mesh) for invertebrates to compile our species lists. For each sampling method, we excluded species that comprised 
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