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Known Diversity of Life

Insecta



Å Rapid Bioassessment Protocol using Aquatic 

Macroinvertebrates

Å 800+ sites

Å NJ Impairment Score 0-30

ïFamily biotic index

ïTaxa Richness

ï% Community Dominant Family 

ï% Ephemeroptera, Plecoptera, Trichoptera

ï# EPT Taxa

Å NJ Impaired waterways list

ïNon-impaired 24-30

ïModerately-impaired 13-23

ïSeverely-impaired 0-12

NJDEP BIOMONITORING



New Jersey Metrics
(Each metric represents 6 points on a 30 point scale)

ÅTaxa Richness = Number of species

Å# EPT TAXA = Species of Ephemeroptera + Plecoptera 

+ Trichoptera

Å% EPT = Individuals of Ephemeroptera + Plecoptera +  

Trichoptera

Å% CDF = % community dominant family

Å FBI = Family Biotic Index
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Rare and Endangered Species

This rare species is closely related to the rare Gomphurus 

septima Westfall,  from  which  it  is  distinguished  by  the 

longer ventral carina of the male cerci.  Both species inhabit 

intermediate sized rivers,  and have a 2-3 week adult season  

Exuviae  have  been  found along  the  Delaware River from 

May 27 to June 19.

Distribution of G.delawarensisshown as 

dots, and G.septimashown with squares.

Gomphurus delawarensisDonnelly & Carle 



RARE AND ENDANGERED RANKINGS

FOR PINELAND HYDROPTILIDAE

SPECIES     NJ  RANK   PA  RANK    STATES AND PROVINCES    GLOBAL RANK

Hydroptila amoena S3      S4-5                                           16 G5

Hydroptila hamata S4-5 S4-5                     41                 G5

Hydroptila metoeca S4-5 S4-5 9 G4

Hydroptila quinola S2 S1 FL,ME,MN,NH,ON,PQ,NJ,PA G3G4

Hydroptila spatulata S2 S4-5 18 G5

Hydroptila waubesiana S4-5 S4-5 31 G5

Hydroptila molsonae S1 --- FL,NJ G1

Orthotrichia aegerfaciella    S4-5 S4-5 32 G5

Orthotrichia cristata S2 S4-5 15 G3

Orthotrichia curta S1 --- FL,NJ,MN G2

Oxyethira grisea S2 S1 19 G5

Oxyethira forcipata S4-5 S4-5 22 G5

Oxyethira novasata S3 --- FL,TX,NJ G2

Oxyethira pallida S4-5 S4-5 31 G5

Oxyethira rivicola S3 S1 ME,PA,NJ,MN,NH,TN,WI G3

Oxyethira setosa S1 --- FL,GA,NJ G2

Oxyethira sida S1 S1 ME,MN,NF,NH,PQ,WI,PA,NJ G3G4

Oxyethira zeronia S3 S1 26 G5

Oxyethira abacatia S1 --- FL,GA,NJ G2

Oxyethira ulmeri S1 SH TX,NJ G2

Note that SH indicates Historic (Extinct Species).



What Animals cause the most 
Human Deaths in the USA?

Wolf

None in 

US History

2 per Year

Alligator

Bear

3 per Year

Shark

6 per Year

Mosquito

About 250 people per year

3-5 million World -wide



Fly Fishing

Build an 

Artificial Insect

Tie it on a Hook

Use it to Trick 

Fish into Striking



Primary Insects of Trout Diet

ÅMayflies

Fragile Stream Insects, 

with subimago stage

ÅCaddisflies 
Moth-like Stream Insects,

With teneral sub adult

Both are Aquatic as Immatures and Terrestrial as Adults



How do you Mimic 
a Natural Insect?

Size, Color, Wing Shape



Types of Trout Flies

Dry Flies Wet Flies

Nymphs Streamers



Morphological Terminology

Posterior

Anterior



Morphological Terminology

Medial

Lateral



Morphological Terminology

Apical or DistalBasal or Proximal



Morphological Terminology

Transverse Sections



Morphological Terminology

Longitudinal Sections



Morphological Terminology

Ventral

Dorsal



Thoracic Terga and Phragmata

Prothoracic tergum Mesothoracic tergum Metathoracic tergum

Phragmata Metapostnotum

1. Phragmata or apodemes are infoldings of the cuticle to 
add strength and to provide areas for muscle attachment.

2. Dorsolongitudinal muscles between thoracic  phragmata   
contract to create the wing downstroke producing the  
indirect flight of most insects.



Homology:

similar in origin, homologous traits are 

derived from a common ancestor

Analogy:
similar in function, anologous traits 
are derived by convergence



These eye stalks are not homologous, however they 

are derived, but because they are not synapomorphic they 

can not support these two flies as a monophyletic group.

HOMOLOGY



Serial Homology: structures of    

similar origin arranged in a row



Plesiomorphy and Apomorphy

AncestralĄ Derived

(typically defines monophyletic groups)

Monophyletic groups comprise a common 

ancestor and all its descendents



Apomorphy

ÅApomorphy: derived character state

ÅSynapomorphy: shared derived character state

(typically defines monophyletic groups)

Monophyletic groups comprise a common ancestor and all 

its descendents, synapomorphy is used to define groups 

in a phylogenetic tree

The classic example is Mammalia



Plesiomorphy

ÅPlesiomorphy: ancestral character state

ÅSymplesiomorphy: shared ancestral character state

(typically defines paraphyletic groups)

Paraphyletic groups comprise a common ancestor but not 

all of its descendents, symplesiomorphy is not used to 

define groups in a phylogenetic tree

The classic example is Reptilia



Additional Arthropod apomorphy
Body Segment Appendage

Taxon         2   3   4   5   6   7   8   9
---------------------------------------------------------------------------------------------

Velvet worms A   L   L   L   L   L   L   L

Trilobites(E) A   L   L   L   L   L   L   L

Panhexapods(E) A   L   L   L   L   L   L   L

Sea Spiders - C L   L   L   L   L   L

Eurypterids(E) - C L   L   L   L   L   -

Horsehoe crabs - C L   L   L   L   L   -

Spiders - C P L   L   L   L   -

Shrimp & Crabs A   A M   X X X   X   X

Insects A R M   X B L   L   L

Symphylans A - M   X X L   L   L

Centipedes A - M   X X F L   L

Millipedes A - M   X X - L   L

Pauropods BA - M   X - L   L   L



The Insect Digestive System
Mouth Parts

Labium

Maxilla

Hypopharynx

Mandible

Labrum

Maxillary palp



Arthropod Origins



Abdomen       - Thorax        - Head

Tagmosis



Apterygote Insects do not Copulate

Male produces a 

ñSpermatophoreò

Male guides Female 

to Spermatophore

Female inserts  

Spermatophore 

into her Vagina





Early insect mandibles

one
articulation

two
articulations



A = Collembola

B = Archaeognatha

C = Zygentoma

A+B+C = Apterygota

D+E+F = Winged insects

A     B    C     D     E     F

Apterygota or primitive wingless insects 
form a paraphyletic group



A = Collembola

B = Archaeognatha

Dicondyla =

C = Zygentoma +

D+E+F= Winged insects

A     B C     D     E     F

Dicondyla or (Zygentoma + winged insects) 
form a monophyletic group

Two articulations



Dragonfly mating



Direct Flight Animation



Mayfly mating



Indirect flight animation

Anterior view Lateral view

Transverse section     Longitudinal section



Neopterous wing folding



52% of known speciesare Neoptera



Polyneopteran phylogeny

Plecopterida (Stoneflies, web spinners, 
and Zorapterans) lack an ovipositor

Dermaptera (Ear Wigs) have forceplike
cerci

Grylloblatoidea (Ice Crawlers) and 
Mantophasmatodea (heel walkers)
lack ocelli and lack wings

Orthopterida (Grasshoppers, Crickets, 
and stick insects) have the anal lobe 
extended to near the wing apex

Dictyopterids (Roaches, Mantids, and 
Termites) have arched claval suture 
in forewing and a shieldlike pronotum



Termites

Two Pair of Membranous 

Wings Equal in Length

Chewing Mouthparts Used 

to Feed on Wood

Nymphs with Compound 

Eyes, Functional Legs 

etc. 

Gradual Metamorphosis



Paraneoptera

Cerci absent and with large

Postclypeal Dilator muscles

Endopteragota
With Pupal Stage



Paraneopteran

Phylogeny

Note that the old orders 

Malophaga and Anoplura

are now included in 

Phthiraptera

Note also that the old order

Homoptera is now included 

within Hemiptera

Cerci absent

Wings 
held 

tentlike
Wings 
hair 

fringed
Apterous

Suctorial beak

Body Flat

OpisthognathousPostclyoeus bulbous


