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Arthropods are one of the most diverse groups of organisms and 
depend, directly or indirectly, on autotroph primary production. 
Primary production along with plant traits such as nutritional quality, 
physical and chemical defences, all affect the performance of pri-
mary consumers. These bottom-up effects have a significant impact 
on measures of insect herbivore abundance and fitness that vary 
across herbivore guilds and diet breadth (Vidal & Murphy, 2018). It 
follows then that variability in plant quantity and quality should im-
pact arthropod community composition.

Early models of food web structure predicted that enhanced primary 
productivity extends food-chain length and thus diversity (Oksanen 
et al., 1981; Polis et al., 1998), but this relationship has been debated ex-
tensively (Post, 2002). Empirical studies have found positive (Oksanen & 
Oksanen, 2000; Persson et al., 1992; Polis et al., 1998; Schoener, 1989; 
Thompson & Townsend,  2005), negative (Jepsen & Winemiller,  2002; 
Pimm & Kitching, 1987), or no relationship (Briand & Cohen, 1987; Post 
et  al.,  2000) between productivity and trophic diversity. Often these 
studies confound primary productivity with changes in plant community 
diversity. From a biodiversity perspective, enhanced productivity alone 
(plant species diversity effects controlled) should promote increased con-
sumer diversity (e.g. Rosenzweig, 1995; Tilman, 1986). Enhanced primary 
productivity can promote consumer diversity by: a correlated rise in plant 
quality that allows nitrogen-sensitive species to persist (e.g. Huberty & 
Denno,  2006), increased plant biomass and architectural complexity 
(diversity and abundance of feeding niches) that supports additional 
consumer species (Haddad et  al.,  2000; Lawton,  1983; Moran,  1980; 
Siemann,  1998), and/or by indirectly enhancing prey resources for 
consumers at higher trophic levels (Abrams,  1995; Siemann,  1998). 
Alternatively, top predators may eliminate intraguild prey species under 
high-productivity conditions (Morin,  1999) offsetting increases in spe-
cies richness arising from enhanced niche diversity (Moran,  1980; 
Siemann, 1998; Suding et al., 2005).

The first study to examine how food web structure is altered 
through trophic dynamics extending solely from changes in plant pro-
duction, not plant community composition, was conducted by Wimp 
et al. (2010). They found that in Spartina marshes, increased primary 
production via fertilization alters arthropod community structure 
and composition across the entire food web, but higher trophic level 
species demonstrated the strongest responses (Wimp et al., 2010). 
However, even within a monoculture, plants and arthropods respond 
to fertilization differently. Murphy et al. (2012) found that plant qual-
ity increased with a minimal increase in biomass in a northern marsh 
whereas in a southern marsh plant biomass increased with a minimal 
increase in quality; consumers responded more readily to increases 
in plant quality than biomass. The impact of plant productivity on 
arthropod communities has been highly variable among and even 
within systems, perhaps because different plant traits likely vary 
simultaneously in productivity experiments, and different groups 
of arthropods may respond to particular traits or sets of correlated 
traits. Determining the independent effects of plant biomass versus 
leaf traits on the arthropod community is experimentally daunting.

In this issue of Functional Ecology, Lu et al. (2021) fill this knowl-
edge gap by examining how arthropod communities are affected 
by productivity and plant traits. They conducted an impressive 
experiment to tease apart the separate and combined effects of 
plant biomass and leaf traits on arthropod diversity by replicating 
monocultures of 15 different plant species from 4 families. They 
found that above-ground net primary production (ANPP) positively 
affected arthropod species richness and abundance. Furthermore, 
after controlling for plant productivity, they found that arthropod 
species richness, but not abundance, was positively affected by 
enhanced plant quality. However, both arthropod species richness 
and abundance were negatively affected by declining plant quality. 
The effects of ANPP and plant quality on the arthropod community 
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may be driven by an increase in overall resources, which leads to 
greater arthropod abundance and thereby higher species richness. 
It is interesting that the impacts of declining plant quality more 
consistently impacted arthropod species richness and abundance. 
Importantly, the methods they used to separate quantity and qual-
ity can be employed by other researchers as they did not manip-
ulate plant traits experimentally, they simply measured multiple 
plant traits during the course of their experiment and then teased 
apart the impact of plant traits on arthropod responses statistically.

Many studies examining arthropod communities give a gen-
eral overview but do not break-down differences in feeding be-
haviour that may lead to variable responses among taxa. Notably, Lu 
et  al.  (2021) investigated the feeding behaviour of the arthropods 
in their community to make specific predictions about which groups 
would be most affected by plant biomass and leaf traits. The posi-
tive impacts of ANPP on arthropod species richness and abundance 
were driven by three orders (Diptera, Coleoptera and Neuroptera) 
because larvae require large amounts of plant resources or greater 
plant resources led to more prey for predators. Similarly, the positive 
impact of plant quality on arthropod species richness was also driven 
by Diptera and Coleoptera. However, the strong negative impact of 
low plant quality on arthropod diversity was driven by Hymenoptera 
and Hemiptera, perhaps because higher lignin content makes it more 
difficult for Hemipterans to pierce plant tissues. Differences in how 
taxa respond are important because the dominant taxa differ across 
systems (e.g. Orthoptera in grasslands, Hemiptera in salt marshes), 
which may explain variable responses across studies.

Lu et  al.  (2021) clearly demonstrate that researchers need to 
quantify leaf traits in addition to overall measures of biomass when 
examining the impacts of plant productivity on arthropod diversity. 
Furthermore, this article helps us to understand variable responses 
across systems. Because herbivores with different feeding be-
haviours (e.g., sucking vs. chewing) dominate different systems, we 
must consider which plant traits likely have the largest impact on 
herbivores in that system. It is also important to consider whether 
the dominant organisms in the system are generalists that are more 
versatile in their selection of different host plants compared to spe-
cialists. Thus, Lu et al. (2021) gives researchers examining the bot-
tom-up effect of plants on arthropods a path forward for uniting 
seemingly disparate outcomes across systems and building theory.
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