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2 broad categories of interactions  

  

I. Herbivory (phytophagy) 

  

 leaf chewing, sap sucking, seed predation, gall inducing, 

leaf mining 

 

 

  

II. Insect-plant mutualism 

 

 pollination and plant-insect food for defense relationships 

 

What had that flower to do with being white 

The wayside blue and innocent heal-all? 

What brought the kindred spider to that height, 

Then steered the white moth hither in the night? 

What but design of darkness to appall? 

If design govern a thing so small. – Robert Frost, Design 





RADIATIONS OF PHYTOPHAGOUS INSECTS 
 

 

 

 

 

 

 

 

 

~ 10 – 25 % of tropical foliage is consumed by insects (not 

counting eating flowers, roots, stems, wood, seeds 

and fruit) 

 

In temperate deciduous forests phytophagous insects 

comprise: 

 ~25% of all arthropod species 

 ~50% of arthropod biomass 

 ~75% of arthropod individuals 

 

In grasslands 10 – 75% of herbivory is by insects  

 (vertebrates account for 15-35%) 





RADIATIONS OF PHYTOPHAGOUS INSECTS 
 

For extant species, phytophagous insects comprise ~43% of all 

insects 

 

Primarily from: 

 

Lepidoptera 

 

Coleoptera 

 

Hemiptera 

 

Orthoptera 

 

Hymenoptera 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Lepidoptera – largest lineage of plant-feeding organisms; 

 basal leps are detritivores (some phytophagous); 

 all others comprise a monophyletic group whose larvae are phytophagous (a few 

revisions to detritus and a few groups have become parasitoids and predators) 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Coleoptera  – “Phytophaga” - Chrysomelidae, Curculionoidea, 

Cerambycidae … 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Hemiptera  – Ancestrally all were phytophagous, virtually all 

Sternorrhyncha and Auchenorrhyncha are herbivores 

 as are many families of the Heteroptera 



Orthoptera  – ~95% of orthopterans are herbivores. 

Closely related to the Phasmatodea all of which 

are herbivores 

 

Fossil evidence suggests orthopteroid herbivory began 

in the Carboniferous – oldest living lineage of 

phytophagous insects  

 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Hymenoptera  – Ancestrally all hymenopterans were phytophagous 

 

Basal hymenopterans all eat plants 

 

Secondary plant feeding by larval Cynipidae (galls), chalcid wasps (breeding w/in seeds), 

and assorted other groups like leaf-cutter bees and ants (although leaf-cutter ants use 

plants to grow fungus) 

 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Many other orders of insects contain herbivores 

Among the smaller phytophagous lineages: 

 

Thysanoptera – ancestral diet fungus but herbivory evolved 

several times 

 

 



Phytophagy evolved several times in Diptera including, 

Cecidomyiidae (gall midges – largest herb lineage 

in flies), tephritoid fruit flies, agromyzid leaf 

miners, various Anthomyiidae and many families 

in Cyclorrhapha  



The host plants for these previous groups are primarily angiosperms. 

This may be due to the biomass and species dominance of angiosperms (i.e. the 

availability) or this may reflect the fact that angiosperms are more 

digestible and have higher nutritive value than gymnosperms. 



Effects of plant-feeding insects are immense and have been taking place since the 

Devonian – 400 mya!! Most certainly since the Carboniferous (300 mya) 





 

• Modern non-insect hexapods and apterygotes scavenge in 

the soil and leaf litter on decaying plant material 

 

• Earliest true insects probably fed similarly 

 

• These habitats brought insects into close proximity to plant 

parts (i.e. roots, storage organs) 

 

• Specialized use of plant shoots arose later in the phylogeny 

(~300 mya) 

 



Feeding on plants presents problems not experienced by either 

scavengers living in soil, or by predators 

 

1. To eat shoots insects must gain and retain attachment plant 

(not a trivial issue) 

 

2. Exposed on plant tissue may subject insect to greater 

desiccation 

 

3. A diet of plant tissue (excluding seeds) is nutritionally 

inferior in proteins, sterol and vitamin content compared to 

food of animal or microbial origin 

 

4. Plants are not passive recipients of herbivory 

Physical defense (spines, spicules) 

Chemical defense (repel, poison, reduce digestibility or 

somehow interfere with insect behavior and/or 

physiology 



Plant defenses against herbivory 



Shikimate Acid 

Photosynthesis 

Sugars Starch 

Respiration 

Acetyl-CoA 

Mevalonic Acid 

Hydrolyzable 
tannins 

Alkaloids 

Isoprenoids 

Terpenes 
Carotenoids 
Soprenoids 

Cardenolides 
Iridoid glycosides 

Steroids 

Aliphatic 
amino 
acids 

Saponins 
(steroids +triterpenes) 

Cinnamic acid 

ρ coumaric acid 
(hydroxycinnamic acid) 

TCA 
cycle 

Aromatic 
amino acids 

Phe+PAL 

Chalcones, dihydrochalcones, 
Flanones, flavans, flavanones,  

Coumarins 
Furanocoumarins 

Flavanoids 

Lignins 

Condensed tannins 
(Proanthocyanidins) – Oligomer 

chains  of flavanoids 

Malonyl-CoA 

Polyketides 

Kava pyrones Phenylpropanoids 





  

 



RADIATIONS OF PHYTOPHAGOUS INSECTS 

 

Given these hurdles to herbivory, plants represent an adaptive 

free zone 

Those that have jumped the hurdle have radiated… 









Dyer, L.A., Letourneau, D.K., Vega Chavarria, G. and D. 

Salazar Amoretti. 2010. Herbivores on a dominant understory 

shrub increase local plant diversity in rain forest communities. 

Ecology 91:3707-3718. 



Types of Herbivory – Chewers 

 

Chewers - Most diverse of the leaf-chewing insects are the 

Coleoptera and Lepidoptera.  

Other important groups--Orthoptera, Hymenoptera, 

Phasmatodea 

Insects eat leaves, roots, shoots, stems, and flowers or fruits 

Chewing insects possess mandibulate mouthparts. 

 



Mandibles serve to cut and grind food 

 

Mandibles are highly sclerotized to reduce wear 

 

High silica content and cellulose can act as resistance to 

herbivory 

 

 



  Mining and Boring 

Insects live between the two epidermal layers of a 

leaf; damage appears as tunnels, blotches, or 

blisters 

Independently evolved in four orders: Diptera, 

Lepidoptera, Coleoptera and Hymenoptera  

Different species may excavate different layers of 

leaf parenchyma or reside in particular leaf 

parts 



Mining and Boring 

 

Stem mining  

stem boring  

plant boring 

stalk boring 

wood borers 

fruit borers 

 

Economically damaging 

 



Types of Herbivory – Sap-sucking 

 

Drain plant resources by tapping into xylem and phloem 

 

Can retard growth and lead to overall lower biomass 

 

Often transmit diseases  

 

Hemipterans exemplify this strategy (haustellate mouthparts) 

Fulgora laternaria  



Types of Herbivory – Sap – sucking 

 

Serve to pierce plant tissues and suck liquid food 

 

Labium modified into a sheath  

 enclosing stylet maxillae 

 

Stylets pierce cuticle and can  

 change orientation 

 

Food channel empties  

 into cibarial cavity 

 



 

Stylet pathway is mostly extracellular 

 

Locating suitable feeding  

 site is a tedious task 

 

Aphids ~4 hrs to find  

 suitable phloem 

 



 

Sucking insects utilize several kinds of plant fluids 

 

Aphids, mealybugs, Cicadellidae, Psyllidae – Phloem cells 

 

Sub order – Heteroptera and scale insects – Parenchyma 



  

Many plants support both mandibulate and 

haustellate insect species 

 

CHEWERS 

No relative size restrictions 

Heavy mechanical damage 

Faced with indigestible compounds and toxins 

 

SUCKERS 

Restricted to a relatively small size 

Avoid mechanical damage (but still damaging) 

Avoid indigestible compounds and most toxins 

Xylem less suitable 

 



Types of Herbivory – Gall makers 

 

Galls consist of pathologically developed cells, tissues or 

organs of plants that have arisen by hypertrophy and/or 

hyperplasia as a result of stimulation from foreign 

organisms 

 

Orders that make galls: 

Hemiptera – Sternorryncha 

Diptera – Cecidomyiidae, Tephritidae,  

Hymenoptera – Cynipoidea 



Covering-coccoids, cynipids  

Filz-cynipids 

Roll and fold-aphids 

Pouch-psyllid 

Mark-sawflys 

Pit 

Bud and Rosette 



Galls may be determinate (distinct 

tissue layers) or indeterminate 

(undifferentiated masses of cells). 



DEFINITIONS 

 

Monophagous – Insects that in nature 

occur only on one or a few closely 

related plant species 

 

 



Oligophagous 

Polyphagous 



Polyphagous 

Ceroplastes sinensis 

200 sp host plants  

From >50 families 







Tritrophic view of 

specialization 
The top-down view holds that specialists are 

better able than generalists to utilize plant 

chemical or physical characteristics as 

defenses against enemies (Brower 1958, 

Atsatt 1981, Bernays 1988, Bernays and 

Cornelius 1989, Bernays and Graham 1988, 

Jones et al. 1989, Dyer and Floyd 1993, Dyer 

1995). 



Wilson et al. Journal of Evolutionary Biology 2012 










