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Phylogenetic
relationships between
aguatic insect orders:

u

Becoming aquatic for at least
some life stages has evolved
Independently multiple times
across otherwise terrestrial
Insect orders broadly.

Each of these orders (and
more) will be covered in this
series of lecture slides with a
focus on local (CO) families
within them when practical.

Odonata
Ephemeroptera
Plecoptera
Hemiptera
Megaloptera
Neuroptera
Coleoptera
Trichoptera
Lepidoptera
Diptera

Image credit: Dr. Crystal Cooke, Colorado State University; based on
Misof et al. 2014: https://doi.org/10.1126/science.1257570



https://doi.org/10.1126/science.1257570

Phylogenetic relationships between
aguatic insect orders:

Note :

u This large file is broken into sections/lectures that represent two
aquatic insect orders at a time. Unless otherwise noted, the pairings
were arbitrary from a relatedness standpoint and were selected
largely to be able to cover two orders in the same class period. Feel
free to rearrange.

u The final section of this file includes insect orders that are only rarely
aquatic or semi -aquatic. They are therefore not represented in the
phylogenetic tree on the previous slide.



Paleoptera :
Ephemeroptera

and Odonata

ECOLOGY AND BEHAVIOR



Paleoptera (infraclass) =
"old wing"

u Defining characteristic: cannot fold
wings over abdomen (as with
ancient insects)

Includes:

u  Ephemeroptera & mayflies

https://commons.wikimedia.org/wiki/
File:Mayfly (44320492872).jpg

u Odonata 0 dragonflies ( suborder
Anisoptera ) and damselflies
(suborder Zygoptera )

N A  https://commons.wikimedia.org/wiki/File: https://commons.wikimedia.org/wiki/Fil
k., Sympetrum_flaveolum_ -_side_(aka).jpg e:Vestalis_gracilis_06845.jpg




https://commons.wikimedia.org/wiki/File:Imago_Ephemeridae_Hexagenia.jpg

Ephemeroptera

MAYFLIES

https://commons.wikimedia.org/wiki/File:Mayfly _nymph
_dorsal_view_wing_buds_paired_gills_(rotated).JPG



Ephemeroptera

u Adults (imagos ) live just a few hours to days (from Greek
ephemeros - "lasting for a day")

u Sometimes less than an hour!

u Adults have two winged stages ( unique! ) o first issubimago
and emerges from final larval stage and is not sexually mature

u This stage lasts hours to days (depends on species)

u Synonyms: subimago = dun;Iimago = spinner



Ephemeroptera

u Can be univoltine or multivoltine
warmer areas) - varies by species

(multi - more common in
and geographic location

u Hemimetabolous (incomplete metamorphosis)

u Note for upcoming lectures: juveni
called nymph(s) for hemimetabo

e/immature stage(s)
ous Insects: called

larva(e) for holometabolous (com
Including pupal stage)

pDlete metamorphosis

u Overwinter usually as nymphs, sometimes eggs. Can eat

and grow all winter.




Ephemeroptera Adults - Characteristic

Relatively long, slender bodies

Two or three long "tails" (caudal

filaments) .

https://commons.wikimedia.org/wiki/Fil
e:Ephemeroptera_2.jpg

Veiny wings held upright at rest

Huge variety in size and color
across species

https://commons.wikimedia.org/wiki/Fil
https://commons.wikimedia.org/wiki/Fil e:Baetidae._Adult_male_mayfly EOD_0
e:Haft.jpg 09s.JPG



Ephemeroptera Adults

u Adults have vestigial mouthparts 0 don't feed.

u Commonly form mating swarms to reproduce in one large
event and overwhelm potential predators.

u Lay eggs on surface of the water then die shortly after.



Ephemeroptera Adults - Reproduction l
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https://youtu.be/dzbLuLzMWE4



https://youtu.be/dzbLuLzMWE4​

Ephemeroptera SWARMS!
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https://voutu.be/5ivocigBFvA



https://youtu.be/5iyocigBFvA​

Note:

u Although mayflies can be infamous for mating
swarms as Iin the videos above, they also
commonly emerge (“hatch™) year  -round in much
smaller numbers.



u

u

u

u

Ephemeroptera Nymphs

- Characterist

Gills along sides or top of back half of abdomen (sometimes hidden)

Three caudal/tail fllaments coming off back of abdomen (sometimes two)

Flattened to avoid current or fusiform/streamlined body for swimming

Stay under rocks or in boundary layer

https://commons.wikimedia.org/wiki/File:Spiny_crawler_mayfly, Drunella
_coloradensis_(9638196107).jpg

https://commons.wikimedia.org/wiki/File:Ephemeropteraninfa2.jpg



Ephemeroptera Nymphs

u Can be found in a variety of aquatic habitats (lentic and lotic)

u Especially common in rocky streams (second and third order), but can
be found even in Great Lakes (as seen in news clip on previous slide)

u Variety of diets:

u Most are collector -gatherers or scrapers/grazers - diets can widen as
they grow larger.

u Some are carnivores!

u Go through many instars 0 typically 15 -25 (sometimes up to 45!)



Ephemeroptera Nymphs

u Although life history can vary a lot by species, one thing
mayflies generally have in common is that they need
high quality water with plenty of oxygen.

u Although adults live very short time, nymphs can live up to
two or three years (depends on the species 0 many are
weeks to months).



Ephemeroptera Nymphs o Behavioral l
Groups

ACrawlers _ i
AClingers Lot =
ABurrowers
ASwimmers

https://youtu.be/0fApJd 8k2eo



https://youtu.be/0fApJ_8k2eo​

Numbers and Key Families of
Ephemeroptera

u 42 families @ over 3000 species worldwide

Key Local (CO) families

u Baetidae (especially genus Baetis) o hatch year round in
CO; various sizes/colors depending on species, but small

u Ephemeridae ("drakes," especially Western Green Drake) -
hatch In summer months - swarms - larger

For more (brief article): https://news.orvis.com/fly -fishing/mayflies -across-america -the -colorado -front -range



https://news.orvis.com/fly-fishing/mayflies-across-america-the-colorado-front-range

Total Local Families (13)

u Ameletidae u Isonychiidae

u Ametropodidae u Leptohyphidae

u Baetidae u Leptophlebiidae
u Caenidae u Oligoneuriidae

u Ephemerellidae u Polymitarcyidae

u Ephemeridae u Siphlonuridae

u Heptageniidae

Be able to recognize these families as belonging to
Ephemeroptera on the exam. It will be a matching
exercise, not a spelling exercise...



Fly fishing 0 notes for next few
lectures:

V{%

https://jenikirbyhistory.getarchive.net/
media/woman -fly-fishing-in-the -
firehole -river-ledf3e

u For each order In this series of lectures, we will briefly look at common
Imitations or " patterns ."

u Note that there are many more than the one or two we will show 0 endless
variety.

u Fly anglers often try to * match the hatch ," meaning selecting a
pattern that matches the insects that are out in the highest
abundance.

u Match either floating adults (*  dry flies"™) or nymphs (drift; " wet flies ")

u Fish tend to focus on most common insect at any given time (anglers disagree
on this to some extent)



Ephemeroptera fly fishing imitations:

Adults 0 Dry Flies:

u Mayfliesvery diverse in size and _
color 0 so are fly patterns. Nymphs 0 Wet Flies

u Fly patterns often general and can
imitate either mayflies or stoneflies
ar i ';. (Plecoptera 0 next lecture) at the

e r-_ﬁlf ‘Sametime:

s

u Most are this sort of basic profile
with a wide varietyof  colors, sizes,

https://commons.wikimedia.org/wiki/Fil
e:Gold_ribbed_hairs_ear_trout_fly.JPG

https://commons.wikimedia.org/wiki/Fil
e:Bead_Head_Prince_Nymph.jpg

https://commons.wikimedia.org/wiki/Fil
e:Pale_Morning_Dun.jpg



https://commons.wikimedia.org/wiki/Fil
e:Dragonfly_nymph_ - Flickr -
_GregTheBusker.jpg

Odonata

DRAGONFLIES AND DAMSELFLIES

https://commons.m.wikimedia.org/wiki/File:Assorted_Odonata_from_the_University_of Tex
as_Insect_Collection_cropped.jpg



Odonata

u Odon Is Greek for tooth - both adults and nymphs are
exclusively predators

u Adults can capture flying insects on the wing 0 great
vision! (more Iin upcoming slide)

u Nymphs are ambush predators and strike very fast with
serrated mouthparts to engulf prey



Odonata

u Can be univoltine or multivoltine (multi- more common
In warmer areas) - varies by species and geographic
location

u Hemimetabolous (incomplete metamorphosis)

u Some species overwinter as nymphs, some as eggs,
some adults even migrate south to lay eggs



Odonata Adults - Characteristics

Dragonflies ( Anisoptera ): Damselflies ( Zygoptera ). wings
wingsto side at rest and up at rest (most families) and

stouter bodies more slender body

https://commons.wikimedia.or
g/wiki/File:Sympetrum_flaveolu
m_-_side_(aka).jpg

Tends to hunt on the wing. Tends to hunt stationary prey.

Adult males of both suborders can defend territories (where eggs will be
laid) to attract females.



Odonata Adults o Hunting/Feeding

e B Al o=

https://youtu.be/XWROwMxepoM



https://youtu.be/XWROwMxepoM​



https://youtu.be/m5XUdvBO_TE​

Odonata Ad

- https://youtu.be/StkTknVgApO


https://youtu.be/Xm5nM93VScw​
https://youtu.be/StkTknVqAp0​

Damseity ViU

https://yo QGABQ4



https://youtu.be/ebZRqQGABQ4​

Odonata Nymphs

u Often one year for life cycle to complete, but can take up to four.

u  Nymphs go through 10 -15 instars; first instar molts almost immediately
upon hatching; thisis unique 0 called the pronymph

u Hide to hunt by crawling up on plants, sprawling in sediment, or
sometimes burrowing into sediment.

u Largely ambush hunters

u Most live in permanent lentic or lotic habitats, but some are adapted for
pooled water in bromeliads (tropics), can withstand dry conditions, etc.




Odonata Nymphs

Anisoptera :

u Relatively rounder
abdomen with wedge
like extensions

https://commons.wikimedia.org/wiki/File:Dragonfly_(nymph) (58
86193050).png

In Common

u Large eyes that
resemble adults

u Scoop -shaped,
serrated
mouthparts that
cover bottom of
head)

- Characteristics

Zygoptera :

u Relatively narrower body

u Three paddle shaped
"tails" (gills)

https://commons.wikimedia.org/wiki/File:Blue
tailed_damselfly_(Ischnura_elegans)_nymph.jpg



Odonata Nymphs 0 Feeding and
Ecdysis

https://youtu.be/cyt4HtcMPgg



https://youtu.be/cyt4HtcMPgg​

Numbers and Key Families of
Odonata

u 32 families and nearly 6,000 species worldwide

https://commons.wikimedia.org/wiki/File:Dragonf

u FamI“eS Often |dent|f|ed by Wlng Venatlon ly_wing_structure.png
patterns.

u Won't cover specifics here, but do know it happens.




Numbers and Key Families of
Odonata

u Key local families :

u Checklist of Colorado dragonflies and damselflies with beautiful images:
u https://mountainscholar.org/bitstream/handle/10217/88633/BSPMGILL Insectsof

WesternNorthAmerica9.pdf

u Not expected to know all families in above document for exam, but please
do read throughit.


https://mountainscholar.org/bitstream/handle/10217/88633/BSPMGILL_InsectsofWesternNorthAmerica9.pdf
https://mountainscholar.org/bitstream/handle/10217/88633/BSPMGILL_InsectsofWesternNorthAmerica9.pdf

Common Families of Odonates

Dragonflies (Anisoptera) : A The links to the left
Aeshnidae - Darners go to family -level
Gomphidae - Club -tailed dragonflies descriptions

. : : provided by NC
Libellulidae - Skimmers State Agriculture

and Life Sciences.

Damselflies (Zygoptera)

Calopterygidae - Broad -winged damselflies
Coenagrionidae - Narrow -winged damselflies
Lestidae - Spread -winged damselflies

Above links from: https://genent.cals.ncsu.edu/insect
identification/order -odonata/


http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-aeshnidae/
http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-gomphidae/
http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-libellulidae/
http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-calopterygidae/
http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-coenagrionidae/
http://genent.cals.ncsu.edu/insect-identification/order-odonata/family-lestidae/

Odonata imitations for fIy fishing:

Adults: - Nymphs:
u Various designs, not always IS designs... a litlte more commonly
the most commonly fist r:' eo here Is to get a sense of

insect pattern. g es 9 called "fly tying."

CHAN'S DAMSELFLY
NYMPH

RN L
2 B

https://youtu.be/ywyZgg5phSQ

Photo Credit: Justin Reeves



https://youtu.be/ywyZgg5phSQ

References and Additional Reading:

Aquatic Entomology eI Introduction to the Aquatic

Jill Lancaster and Barbara Downes i Insects of North

Oxford University Press, 2013 : America (2nd ed)

ISBN: 9780199573219 “AC (multiple newer versions)
ENTOMOLOGY R.W. Merritt and K.W. Cummins

Textbook covering basics of f Kendall Hunt Pub Co,1984

aguatic ecology and entomology (no ID). ISBN: 0840331800

Advanced, comprehensive info
and ID below order.

Guide to Aquatic Insects &
Crustaceans

Izaak Walton League of America e An lllustrated Guide to the Mountain -
QUATIC N
Stockpole Books, 2006 INSECTS Stream Insects of Colorado (2nd ed) BB~ MOUNTAIN
ISBN: 0811732452 CRUSTACEANS J.V. Ward, B.C. Kondratieff, R.E. Zuellig J SELLL
— University Press of Colorado, 2002 :
ISBN: 9780870816536

Simple (and cheap!) field guide to
ID insects and more to order;

water quality estimates. e Basic ecology and ID of local (CO) strearfs
Insects. |




Plecoptera and
Trichoptera

ECOLOGY AND BEHAVIOR



Note:

u Unlike the Paleoptera lecture, the orders of
Insects included together here (and in future
lectures) are essentially arbitrary and not based
on degree of relatedness.

u Paired to be able to cover two orders per class.



https://commons.wikimedia.org/wiki
[File:Stonefly - geograph.org.uk_ -
_467522.jpg

Plecopter:

STONEFLIES

&

https://commons.wikimedia.org/wiki/File:Comm
on_stonefly, Acroneuria_carolinensis_(30586078
101).jpg



Plecoptera

»
o

https://youtu.be/ziDffsX6vI8


https://youtu.be/ziDffsX6vI8​

Plecoptera
u Greek plektos (braided) wings and pteron (wings)

u Like mayflies, very important food source in trout streams

u Interesting: some adults remain aguatic, some nymphs are
terrestrial in other parts of the world

u Most species are aguatic as nymphs and terrestrial as adults,
however



Plecoptera

u Like mayflies, stoneflies need good quality water that is highly
oxygenated. This typically means they are associated with
colder, high -altitude streams

u Some species are lake -adapted too

u Tropical species do exist



Plecoptera

u Univoltine or commonly semivoltine (takes more than one year to
complete life cycle)

u Hemimetabolous (incomplete metamorphosis)

u Commonly overwinter as nymphs (sometimes eggs) 0 some stay
active and grow all year.

u Some adults even emerge in winter!

u https://blogs.scientificamerican.com/guest -blog/winter -stoneflies -
sure-are -supercool/



https://blogs.scientificamerican.com/guest-blog/winter-stoneflies-sure-are-supercool/
https://blogs.scientificamerican.com/guest-blog/winter-stoneflies-sure-are-supercool/

Winter Stoneflies

https://youtu.be/bZQIIVI2imw



https://youtu.be/bZQlIVI2jmw​

Plecoptera Adults - Characteristics

Relatively long, dorso -ventrally
flattened body; long antennae

Veiny wings folded held against
abdomen at rest

Variety in size and color across
species, but can be gquite large
as both adults and nymphs
relative to other orders

https://commons.wikimedia.org/wiki/
File:Stonefly - geograph.org.uk_ -
_467522.jpg

Adults often look similar to
nymphs (just have wings)



"Salmon Flies"

https://youtu.be/ -NOhEfGcg7g



https://youtu.be/-NOhEfGcg7g​

Plecoptera Adults

Some adults have short wings (brachypterous) and some have none
(apterous)

Gills from nymphal stage may persist but shrivel and cause scars

Commonly poor flyers as adults 0 some just skim along water with
weak wing beats or even just use wings as sails

Similar to mayflies, adults of many species do not feed; those that do
eat algae and plants



Plecoptera Adults - Reproduction

u In some species, males drum subgenital plate to attract
mates

u Adults typically die soon after reproducing

u Emerge/"hatch” in large numbers, but not necessarily
incredible swarms like some mayflies



Abdominal Drumming...

https://youtu.be/EY h2Z0bcunE



https://youtu.be/EYh2Z0bcunE​

Plecoptera Nymphs - Characteristics

u Flattened bodies

u Gills on thorax where legs join body (none on abdomen/back half of
body 0 differentthan mayflies; usually)

u Long antennae (several times longer than head)
u Typically two long "tails* (caudal filaments)

R e B

https://commons.wikimedia.org/wiki/File:Large_winter_stonefly, Strophopte
ryx_fasciata (12820761335).jpg

https://commons.wikimedia.org/wiki/File:Common_stonefly, Calineuria_califor
nica_(7882576516).jpg



Plecoptera Nymphs

u Diet: Predators or shredders (sometimes scrapers/grazers)
u Some species switch diets to being predators in later instars

u Developmentcan be slow 0 often more than ayear 0 sometimes
multiple years

u 10 0 30+ instars



Numbers and Local (CO) Families
of Plecoptera

u 16 families d over 3500 species worldwide (over 600 in North America)

Local families (8 total)
u Capniidae

u Perlodidae
Perlidae
Chloroperlidae
Leuctridae
Nemouridae
Pteronarchidae
Taeniopterygidae

C O O



Plecoptera fly fishing imitations:

Adults 0 Dry Flies: Nymphs & Wet Flies

u Fly patterns sometimes specific, but  often
general and can imitate either mayflies or

Click Link: stoneflies at the same time:

https://news.orvis.com/fly -
fishing/pro_-tips-top -5-
salmonfly -dries-madison -
river

https://commons.wikimedia.org/wiki/File:Box_Canyon_Stone.jpg


https://news.orvis.com/fly-fishing/pro-tips-top-5-salmonfly-dries-madison-river
https://news.orvis.com/fly-fishing/pro-tips-top-5-salmonfly-dries-madison-river
https://news.orvis.com/fly-fishing/pro-tips-top-5-salmonfly-dries-madison-river
https://news.orvis.com/fly-fishing/pro-tips-top-5-salmonfly-dries-madison-river

https://commons.wikimedia.org/wiki/File:Common_netspin
ner,_Diplectrona_modesta_(6890873148).jpg

https:/commons.wikimedia.org_/wiki/FiIe:T
richoptera_indet._ -_K%C3%B6cherfliege_ -
_Caddisfly_(9673046466).j N .,'

Trichoptera

<
CADDISFLIES

= X

& e g,
K4 g PR

https://commons.wikimedia.org/wiki/File:Ca
dis_pupae.JPG



Trichoptera 0 Pl_az at 1.5 speed

https://youtu.be/NDKzzBAUXNs



https://youtu.be/NDKzzBAuXNs​

Trichoptera

u From Greek trico (hair/bristle) and pteron (wing)
u Also very important in trout streams

u Many species need high quality water, but some net
spinners (more later) are more tolerant to lower quality
water



Trichoptera

u Most species univoltine (some species two years to
complete life cycle - semivoltine )

u Holometabolous (complete metamorphosis 0 have
pupal stage)

u Most species overwinter as larvae; some as eggs



Trichoptera Adults - Characteristics l

u Adults resemble Lepidoptera
(moths/butterflies; they are related)

u Have 'hairy' wings
u Moths and butterflies have scales

u Wings held as peaked tents over
abdomen

u Long antennae : 3
4

https://commons.wikimedia.org/wiki/File: Trichoptera_ind

et. - K%C3%B6cherfliege - Caddisfly (9673046466).jpg



Trichoptera Adults

u Often don't feed, but some species do. Those that do eat suck
nectar.

u Adults of some species can live for several weeks 0 lots of
variability, however



Trichoptera Adults - Reproduction

u As video earlier pointed out, can swarm for
reproduction; "hatch" in large numbers

u Unigue: communicate viasex pheromones to
attract mates



Trichoptera Reproduction o0 stop at 1:5.

UNDERSTANDING
CADDISFLIES

https://youtu.be/5SBwiwv4Y dUl



https://youtu.be/5Bwiwv4YdUI​

Trichoptera Larvae Characteristics

Relatively short thorax and distinct, :
sclerotized head; caterpillar  -like otherwise
with segmented (8 -10), soft abdomen

Gills along abdomen may be single or
branched

Two extensions at base of abdomen that
end in hooks

Produce silk d some use it for food nets, some
for building/attaching cases to

substrate (salivary glands that extend

Into body cavity)

https://commons.wikimedia.org/wiki/File:L3_Dr
agovi%eC5%Altica_1 Hydropsyche.jpeg

https://commons.wikimedia.org/wiki/File:Northern_case
maker_caddis,_Pycnopsyche_gentilis_(8405367597).jpg



Trichoptera Larvae

u ~5 Instars (less than other orders we've discussed so far)

u Wide variety in diets by species

u Shredders, collectors (nets), some are scrapers/grazers, some are
predators

u Unique: Family Hydropsychidae can produce noise
underwater! (rub legs on undersides of head)

u Not case builders 0 defense over refuges



Trichoptera Larvae

Three major groups:
u Free-living (no net or case) - roam substrate

u Case Building (huge variety in shapes, materials, etc.) - can
even help determine family

u Lots of sub -categories here...

u Net Spinning 0 used to capture food



Trichoptera Larval Cases

https://commons.wikimedia.org/wiki/Fil
e:Uenoid_case -
maker_caddisfly, Neophylax_consimilis
_(8238705594).jpg

https://youtu.be/py6vi5P6KY k



https://youtu.be/py6vf5P6kYk​

Net Spinning Caddis Example

https://youtu.be/ ZeyOR5310k



https://youtu.be/_Zey0R53IOk​

Caddisfly Art! - -can buy onllne

&\
's‘

e M
'l'hismademewonderwhed\erca hme
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https://youtu.be/jID1_GwxiEQ



https://youtu.be/jID1_GwxiE0​



https://bugguide.net/node/view/943223/bgpage​

Numbers and Key Families of
Trichoptera

u 46 families; over 12,600 species worldwide

u Reminder: the material used to build cases can help
determine family (not as reliable as physical characteristics)

u Don't have to memorize specific examples, but know this happens.

u Local families on next slide...



Local (CO) Families of Trichoptera

Local Families (14 total):
u Apataniidae

Brachycentridae

Glossosomatidae

u

u

elico
ydro
ydro

nsychidae
psychidae (net-spinning )

ntilidae

_epidostomatidae

u

u

u

u

u

u

u

_eptoceridae

_imnephilidae

Philopotamidae (net-spinning )
Polycentropodidae  (silk case)
Psychomyiidae (silk case)
Rhyacophilidae (free -living)
Ueonidae




Trichoptera imitations for fly fishing:

Adults: - lLarvae:
u Most famous pattern

probably elk hair caddis
(Justin's favorite dry fI)I'/-‘

https://youtu.be/OccYKGEYDmQ

https://commons.wikimedia.org/wiki/File:Elk_Hair_Caddis_
dry_flies.jpg


https://youtu.be/OccYKGEYDmQ​
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Aquatic Entomology eI Introduction to the Aquatic
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ISBN: 0811732452 CRUSTACEANS J.V. Ward, B.C. Kondratieff, R.E. Zuellig J SELLL
— University Press of Colorado, 2002 :
ISBN: 9780870816536

Simple (and cheap!) field guide to
ID insects and more to order;

water quality estimates. e Basic ecology and ID of local (CO) strearfs
Insects. |




Megaloptera and
Hemiptera

ECOLOGY AND BEHAVIOR



tl‘ .XV <V | -
https://commons.wikimedia.org/wiki/File:Flickr_ -_ggallice_ -_Dobsonfly.jpg

Megaloptera

DOBSONFLIES/HELLGRAMMITES, FISHFLIES, ALDERFLIES

https://commons.wikimedia.org/wiki/File:Hellgrammite, Nigronia_fasciata_(7222779876).jpg



Megaloptera Video

https://youtu.be/Aak -Kd8B-H8



https://youtu.be/Aak-Kd8B-H8​

Megaloptera

u Greek megas (big) and pteron (wing); adults are large -winged
and usually quite large overall

u Larvae often quite large too
u All are predators (larvae); adults may not eat

u Some of the largest and most spectacular of all
macroinvertebrates!



Megaloptera

u Dobsonfly larvae (family Corydalidae ) need high quality to
moderately high quality water.

u Alderflies (family Sialidae ) can exist in broader range of quality.
u More later on these families.

u Species exist in both lotic and lentic, temperate and tropical
habitats.



Megaloptera

u Univoltine or commonly semivoltine (2 -5 years for larval
development)

u Holometabolous (complete metamorphosis with pupal
stage)

u Larvae are aquatic 0 unlike other orders discussed so far,
all other stages (eggs, pupae, adults) are terrestrial



Megaloptera Adults - Characteristics

u Large -bodied with large,
veiny wings.

s e

u Males (upper right) usually
have very large mandibles;

females' not as large but
still pronounced.
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https://commons.wikimedia.org/wiki/File:Dobsonfly_Corydalus
_cornutus.JPG
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u Adults are nocturnal and
often poor fliers despite

" " " https://commons.wikimedia.org/wiki/File:Eastern_Dobsonfly_ -
I m p reSS I Ve W I n g S . _Corydalus_cornutus, Allegany_County, Maryland.jpg




Megaloptera Adults - Reproduction

https://youtu.be/fgHL6W3IPa0


https://youtu.be/fqHL6W3lPa0​

u

u

u

u

Megaloptera Larvae - Characteristics

Long -bodied

Have 6 true legs like all insects, but also
filaments coming off rear body segments
that look like legs.

Large mouthparts! Can bite humans.

Variety in gills by taxa, but
larvae distinctive either way.

https://commons.wikimedia.org/wiki/File:Hellgrammite, Nigronia_fasciata_(12226165954).jpg




u

u
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u

Megaloptera Larvae

Diet: all predators

Development can be slow 0 larger species up to 5 years; smaller
species can finish development in one year

10 0 12 instars

Dobsonfly larvae called "hellgrammites”



THE INSECT WORLD.

FiG. 39.

Megaloptera Pupae

u Pupate on land 0 burrow into soill,
under rocks

The ‘‘ hellgrammite’ or “ dobson”’ in all its stages.—Upper series : g, the larva; 4, the

" A 3 LI pupa; ¢, the male adult; 4, the head of the female: in the lower series the leaf bears
httpS.//CommonS.Wlklmedla.org/Wlkl/FlI egg masses at aa, enlarged at b¢; 4, the larva just hatched, with details from ¢ to 7.

e:Economic_entomology_for_the_farm

er.._(1896)_(20531560804).jpg



Numbers and Key Families of
Megaloptera

u Only 2 families and ~328 species

Families:

u Corydalidae 0o dobsonflies or fishflies (hellgrammites as
larvae) - photos/videos in lecture from this family

u Sialidae o alderflies o similar in appearance and life history
(next slide)

Click here for info on local dobsonfly.



https://webdoc.agsci.colostate.edu/bspm/InsectInformation/FactSheets/DobsonFly18.pdf

Sialidae (alderflies) - Photos

https://commons.wikimedia.org/wiki/File:Sialidae -_Sialis_lutaria-001.JPG https://commons.wikimedia.org/wiki/File:Sialis_lutaria_larva (aka).jpg

Similar to Corydalidae , but usually not as large and features not as
dramatic/striking. Same general characteristics and life history, however.



Megaloptera fly fishing imitations:

Adults 9 Dry Flies: Larvae o Wet Flies

Not commonly u Also not the most common
used Othey are compared to other orders
terrestrial and lay we have covered so far
eggs on land. (but fish do eat them).

u Click This Link For Example


https://dftu.org/tying-a-hellgrammite-with-rich-distanislao/

https://commons.wikimedia.org/wiki/File:Giant_W
ater Bug_2 (5928165970).png

https://commons.wikimedia.org/wiki/File:Water_bug_single (160
09934868).jpg

HEMIPTERA

TRUE BUGS



Semantics Note:

u All bugs are insects but not all insects are bugs.

u "Bugs" are only in the order Hemiptera even
though people often use "bugs”“to mean insects in
general.



Lots of Variety and Key Families!

u Unlike other orders we have covered recently, we will ~ split
Hemiptera into specific families and briefly cover their basic
biology.

u Focus will be on adults for this order.

u Families quite distinctive by morphology and/or behavior
(pay attention in videos), so will not have specific
‘characteristics' slides as typical.



Hemiptera o Common Traits

u Hemipterafrom Greek hemi (half) and pteron (wing) - part
of forewing Is sclerotized (photo on right not aquatic bug)

https://commons.wikimedia.or
g/wiki/File:Palomena_prasina_

Order -level characteristics/traits: MHNT_L%C39%Aoguevin_Blanc.

u Elongated, straw -like sucking mouthparts (called beak or
rostrum) for largely liquid diet

u Most aguatic Hemiptera are predators (pierce prey, inject
venom/digestive enzymes, and suck out juices)

u Some consume plants and detritus



Hemiptera o Common Traits

u All are hemimetabolous L e

https://commons.wikimedia.org/wiki/File:Ranatra_linearis_Des
nianskyi_Biosphere_Reserve_2018.jpg

u Variety of sizes and shapes as we will see. Some can be up to
11 cm (giant water bugs o family Belostomatidae).

u 19 different families (4300+ species, 301 genera) of aguatic or
semi-aquatic bugs o we will cover only some common
ones here.



Hemiptera o Common Traits

u Exists in both lentic and lotic systems, but do not like
fast flowing water.

u In lotic systems, found Iin slowest areas.

u Voltinism can vary by family, but
typically univoltine .

https://commons.wikimedia.org/wiki/Fil
e:LA2-Blitz0417_wanzen.JPG

u Most commonly overwinter as adult 0 lay eggs in
spring and develop to adults by winter and start
over each yeatr.



Heteroptera

u Suborder of Hemiptera o aquatic bugs are largely in this
suborder.

u Defined largely by wings ( Heteroptera has sclerotized
portion), but also by where mouthparts attach to head (at
the front).



Gerromorpha (infraorder)

Water striders, water measurers, water skaters (lots of species
and common names)

Some morphological variability, but all stay on surface of
water and similar basic life history

Common locally (and most places): family Gerridae o "water
striders"”

Neuston o water surface -living organisms



Gerridae

https://youtu.be/4ACU8gY YkwSw



https://youtu.be/4CU8gYYkwSw​

Gerridae

https://youtu.be/E2unnSK7WTE



https://youtu.be/E2unnSK7WTE​

Gerridae o Additional Info

Use atmospheric oxygen since they are above surface

u Not as sensitive to water quality because they spend their time
above the surface

Commonly bivoltine (unlike most other aquatic
Hemipteran families that are univoltine )

Interesting: Signal to each other using different frequencies of
ripples on water (repel competitors or attract mates); males stay
attached to female for whole mating season

Some are marine



Nepomorpha (Infraorder)

Key families :

u Water boatmen: family  Corixidae

u Backswimmers: family Notonectidae
u Glant water bugs: Belostomatidae
u Water scorpions: Nepidae

Some of the upcoming videos for these families will
cover basic life history facts 0 take notes.



Corixidae o "Water Boatmen"

A Name Comes
from oar -like legs *s

A Largely feed on
plants, algae,
detritus o unusual
among the
aquatic
Hemiptera

https://youtu.be/LNXLKEr6zFM



https://youtu.be/LNXLKEr6zFM​

Corixidae o Additional Info

u Males attract mates with sound o can be
considered loudest animal on earth relative to body size!

u Strong fliers iy

Flight Behavior of the Water Bbafmen
(Corixidae)

.

https://youtu.be/XP_hrEbCiel

https://youtu.be/ayl88vs5G68



https://youtu.be/XP_hrEbCieI​
https://youtu.be/ayI88vs5G68​

Notonectidae - "Backswimmers"

u Superficially similar
to Corixids, but as
name implies, they
swim on their backs.

u Also differ from
Corixids by being
predatory.

https://youtu.be/PM5hWu _ -nocY



https://youtu.be/PM5hWu-nocY​

Notonectidae 0 Additional Info

u Good fliers 0 can disperse easily and relatively far

u Show up on lots of places/habitats, including
swimming pools (as video mentioned)

u Can painfully bite humans (stab with mouthparts)



Belostomatidae 0 Giant Water Bugs l

https://youtu.be/IDfcEJAGhVQ


https://youtu.be/lDfcEj4GhVQ​

u

u

u

u

Largest of all Hemipteral

(terrestrial or aquatic)

Eat fish and amphibian
not just other inverts

Raptorial forelegs

i

Belostomatidae o Additional Info
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https://commons.wikimedia.org/wiki/File:Giant_water_bug_(Belostomatidae), Vohimana_reserv
e, Madagascar_(13569458513).jpg



Nepidae 0 "Water Scorpions”

Get name from '.
looking superficially

like a scorpion, but 7 v
are not actually <

related to scorpions.
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https://youtu.be/Eiviwl_Rmfo
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https://youtu.be/EiviWI_Rmfo​

u

u
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u

Nepidae o0 Additional Information

Not great swimmers and r
fly - usually stick in vegetat

i

Can also bite (stab) hu

- o
e
el -

-

Some species are long and

narrow like stick insects

Raptorial forelegs

. ,.‘;l ; :_

https://commons.wikimedia.org/wiki/File:Water_scorpion, Nepidae, Atlantic_forest, nor
theastern_Bahia,_Brazil_(6299414518).jpg



Hemiptera imitations for fly fishing:

Not most common fly for people to use, but some do exist:

Click Link:
Backswimmer/Water boatmen:
u https://fridaynightflies.com/friday  -night -flies-water -boatman -backswimmer/

u Note: Link not meant to be product endorsement, just a reference to
photos.


https://fridaynightflies.com/friday-night-flies-water-boatman-backswimmer/

References and Additional Reading:

Aquatic Entomology eI Introduction to the Aquatic

Jill Lancaster and Barbara Downes i Insects of North

Oxford University Press, 2013 : America (2nd ed)

ISBN: 9780199573219 “AC (multiple newer versions)
ENTOMOLOGY R.W. Merritt and K.W. Cummins

Textbook covering basics of f Kendall Hunt Pub Co,1984

aguatic ecology and entomology (no ID). ISBN: 0840331800

Advanced, comprehensive info
and ID below order.

Guide to Aquatic Insects &
Crustaceans

Izaak Walton League of America e An lllustrated Guide to the Mountain -
QUATIC N
Stockpole Books, 2006 INSECTS Stream Insects of Colorado (2nd ed) BB~ MOUNTAIN
ISBN: 0811732452 CRUSTACEANS J.V. Ward, B.C. Kondratieff, R.E. Zuellig J SELLL
— University Press of Colorado, 2002 :
ISBN: 9780870816536

Simple (and cheap!) field guide to
ID insects and more to order;

water quality estimates. e Basic ecology and ID of local (CO) strearfs
Insects. |




Lepidoptera and
Diptera

ECOLOGY AND BEHAVIOR



https://commons.wikimedia.org/wiki/File:Acentria_ephem
erella_0002003.jpg

https://commons.wikimedia.org/wiki/File:Pyralidae_indiv
iduals.jpg

Lepidoptera

MOTHS AND BUTTERFLIES



Lepidoptera

u Greek lepidos (scale) and pteron (wing); adults have scales
(powdery, flat) on wings

u Very diverse group of insects overall: ~180,000 species (including
terrestrial), but relatively few aquatic species (~730+)



Lepidoptera

Not as well studied as other orders of aquatic insects (not as many
videos/photos for this order)

Some historic notions that they are not as important as other orders, but
probably not a good assumption

Not all are fully agquatic (submerged for most of life) 0 some are semi-
aquatic and live above water line on emergent aquatic plants

Overwinter as larvae commonly, but sometimes as eggs

Reminder: Closely related to  Trichoptera



Lepidoptera

u Univoltine or multivoltine

u Holometabolous (complete metamorphosis with pupal
stage)

u Eggs, larvae, and pupae are aquatic; adults are
terrestrial (usually o Acentria ephemerella has wingless
females that stick around water)

u some variability for semi -aquatic species, however



Lepidoptera Adults - Characteristics l

Lepidoptera (butterfly/moth)
body form Is easily
recognizable...

Large, scaly wings; "fluttery"

flight

Variety in size, coloration,
etc....

Long proboscis for feeding

\
Paorapoynx baodivsalis (4a761)

https://youtu.be/ikvin7nTxE4



https://youtu.be/ikvfn7nTxE4​

Lepidoptera Adults

u Can feed on nectar like other moths/butterflies, but don't
usually live too long

u Many species nocturnal as with terrestrial moths

u Interesting: Acentria ephemerella (photo)
u Wingless females...

https://commons.wikimedia.org/wiki/File:Acentria_
ephemerella_f.jpg



Lepidoptera Life Cycle and Interesting .
Facts

N AQUATIC MOTHS

https://youtu.be/WGVb9b  -ADik



https://youtu.be/WGVb9b-ADik​

Lepidoptera Larvae - Characteristics l

Long -bodied (caterpillars) - range usually
10-25mm

Distinct head with ring of ocelli (simple

eyes)
Have 6 true legs like all insects, but also )" ‘3
prolegs on rear body segments P

L‘ .

Fully aquatic species commonly have
filamentous gills along body, especially https://youtu.be/WPerlGCpiOo
those in flowing water



https://youtu.be/WPerIGCpiOo​

Lepidoptera Larvae

Diet: herbivores (shredders) o usually associated with vascular plants,
but sometimes graze algae

Typically 4-5 larval instars

Because of damage they cause to vascular plants, have been successfully
used for invasive plant control efforts (Acentria ephemerella )

Poor swimmers 0 usually stay on their host plant for entire life.

Some make protective retreats from plant matter (similar to caddis) as
video mentioned



Lepidoptera Pupae

pp.mtth

pp.msth

https://commons.wikimedia.org/wiki/File:Galleria -pupa -abbr.jpg

https://commons.wikimedia.org/wiki/File:Saucrobotys_futilalis_pup
a.jpg

Note: These are images of terrestrial Crambidae pupae (aquatic
photos could not be found).



