


Streams,	  Habitats
&	  Macroinvertebrates



Main	  Topics
What	  shapes	  stream	  shapes
Stream	  habitats	  (pools,	  riffles	  &	  runs)

What	  shapes	  macroinvertebrate	  shapes
Life	  (in	  streams)	  is	  a	  drag



A	  “reach”	  is	  an	  arbitrary
stretch	  of	  stream



STREAM-CATCHMENT CONNECTIONS 

ecology these ideas of compartmentalized zones 
and processes may provide a sufficient context 
for interpretation. 

A contrasting point of view places streams as 
integral parts of the catchment system and fo- 
cuses on the dynamic, bidirectional nature of 
connections within the system (Fig. 1B). The 
key contrasts are in both form and process. The 
first contrast is to view streams as neither well- 
delineated nor static, but rather as continually 
adjusting in response to other variations occur- 
ring within the catchment. The second contrast 
is to view streams not as pipes but rather as part 
of the catchment's downvalley and downgra- 
dient transport of water and solutes. The exten- 
sion of this catchment-transport view leads to 
a hyporheic zone seen not as an isolated box 
receiving solutes in unidirectional transport 
from the stream, but rather as consisting of mul- 
tiple flow paths which act as active, bidirec- 
tional links. Such flow paths can be along sub- 
streams of water moving in the subsurface and 
interconnecting with the stream. 

These concepts are relevant to studies of bio- 
geochemistry and physical solute transport. 
McKnight and Bencala (1990) have discussed 
solute concentrations in streams as resulting 
from the integration of simultaneous catchment 
and in-stream processes. Castro and Hornber- 
ger (1991) have discussed a range of physical 
settings causing solute storage. They have then 
shown that at least two time-scales can be iden- 
tified for storage of stream solutes in subsurface 
environments. For studies of the hyporheic 
zone, adopting this view moves studies away 
from the concept of there being a physical spa- 
tial 'zone' defined and identified as 'the hypor- 
heic zone'. The part of the landscape that con- 
tains water of both subsurface and surface origin 
now becomes the hydrologic connection be- 
tween streams and catchments, and this con- 
nection is dynamic with flowing water. This 
view remains primarily conceptual. In fact, both 
papers referred to above (McKnight and Ben- 
cala 1990, and Castro and Hornberger 1991) ul- 
timately used compartmentalized zones in pre- 
senting models of solute transport influenced 
by subsurface storage. Further, three efforts to 
simulate reactive solute transport (Jackman et 
al. 1984, Bencala 1984, and Kim et al. 1992) have 
attempted to account for the influence of sub- 
surface storage. In each of these three efforts, 
the reactive models do not extend the simula- 

A 

FIG. 1. A.-The stream's function in its catchment is 
viewed simply as that of a pipe. B.-A contrasting 
view of the steam's function places the stream as an 
integral part of the catchment system. 

tion of physical transport to include flow paths 
within the hyporheic zone. 

Characterizing the hydrology of the 
hyporheic zone 

To date, work on the hydrology of the hy- 
porheic zone has been limited. Thus, the hy- 
drology lacks a widely recognized or standard- 
ized approach for characterization. Because the 
hyporheic zone functions within the catchment 
as a connection to the stream, appropriate ap- 
proaches to hydrology for a specific study will 
be determined in large measure by the physical 
locus of the study. The following discussion 
suggests two such distinct hydrologic ap- 
proaches. 

One approach to characterizing the hypo- 
rheic zone is to determine the influence of the 
zone on nutrient (or other solute) transport at 
individual sampling locations along the stream. 
The hyporheic zone can be viewed as contrib- 
uting to the observed in-stream phenomenon 
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Streams	  are	  not	  “pipes”

Precipitation
(rain & snow)

Surface runoff

Interflow

Groundwater

Where

Overland

Porous soil

Saturated soil

When

Heavy rain

Light rain
Steep slopes

Gaining
reaches

Speed

Fast
(5-500m/hr)

Slow
(1-50 cm/hr)

Very slow
(cm/year)

Rates	  of	  runoff,	  erosion,	  infiltra>on	  depend	  on	  
soil	  condi>ons,	  vegeta>ve	  cover,	  land-‐use	  prac>ces



Stream	  shape	  depends	  on
spa<al	  varia<on	  in	  discharge

Discharge	  increases	  with	  
stream	  order

more	  tributaries
more	  groundwater	  input

larger	  watershed	  (surface	  runoff)

Headwater
tributariesWate

rsh
ed

boundary



Stream	  shape	  depends	  on
temporal	  varia<on	  in	  discharge

Rainfall

Discharge
floods are (relatively) rare

Floods	  are	  rela>vely	  rare
but	  are	  dispropor<onately	  important	  for	  stream	  shape

(move	  boulders,	  wash	  out	  fine	  sediment,	  scour	  stream	  banks	  and	  pools)



Active channel

Bankfull stageFlood plain

Abandoned flood plain (terrace)

Views	  of	  stream	  shape

Water	  velocity	  varies	  across	  stream	  width
(creates	  different	  habitats)



Views	  of	  stream	  shape

Water	  velocity	  varies	  across	  stream	  length
(creates	  different	  habitats:	  riffles,	  pool,	  runs)

Low flow

Intermediate
flow

High flow



Pools
slower	  moving	  water

fine	  sediments	  (sand,mud)



Riffles
shallow	  turbulent	  water

course	  sediments	  (pebbles,	  boulders)



Runs
deep	  non-‐turbulent	  water
fine	  &	  course	  sediments



Headwater
tributariesWate

rsh
ed

boundary

Macroinvertebrate	  habitats
change	  with	  stream	  order

Headwaters
	  (low	  order	  streams)
Seasonal,	  “flashy”
Narrow,	  shallow

Riffle	  &	  pool	  habitats

High	  order	  streams
Consistent,	  wide,	  deep

Runs	  &	  side-‐channel	  habitats	  



Life	  (in	  streams)	  is	  a	  drag

Habitat	  choice
Microhabitat	  choice

Behaviour
Shape	  (morphology)

Suckers	  (rare)
Silk	  produc<on	  (e.g.,	  caddisflies,	  moths)

Ballast	  (e.g.,	  caddisfly	  cases)
Flat	  body	  shapes



Mayfly

Mayfly

CaddisflyStonefly

Water penny beetle

Midge Dragonfly

Body	  parts	  to	  focus	  on
Tail
Legs

Wing	  pads
Gills
Head

Diet	  plays	  a	  role	  too





Stream	  macroinvertebrates
Func7onal	  groups	  &	  diversity



Headwater
tributariesWate

rsh
ed

boundary

Macroinvertebrate	  habitats
change	  with	  stream	  order

Headwaters
	  (low	  order	  streams)
Seasonal,	  “flashy”
Narrow,	  shallow

Riffle	  &	  pool	  habitats

High	  order	  streams
Consistent,	  wide,	  deep

Runs	  &	  side-‐channel	  habitats	  



Macroinvertebrate	  food	  resources
change	  with	  stream	  order

river reaches, 
become established 

physical 

out- 
stream 

examples 
available. 

physical 
a continuous 

velocity, 
de- 

physical system, 
rivers 

kinetic energy 
com- 

the redistribu- 

propose 
which 
1-3), 
(Fig. 

by 
pro- 

of 
re- 

coincides 

SHREDDERS GR ERS 

' - 1  ELATIVE CHANNEL WIDTH - 

Headwaters
High	  leaf	  input

Course	  Par<culate	  Organic	  MaVer

Shredders	  &	  Collectors	  dominate

High	  order	  streams
Fine	  Par<culate	  Organic	  MaVer

Light	  for	  photosysnthesis

Collectors	  &	  Grazers	  dominate	  



Midge Caddisfly

CaddisflyCaddisfly



Stonefly Stonefly

Crane flyCaddisfly



Mayfly
Snail

Caddisfly



Dragonfly

DobsonflyCrayfish



Macroinvertebrate	  func<onal	  roles
change	  with	  stream	  order

river reaches, 
become established 

physical 

out- 
stream 

examples 
available. 

physical 
a continuous 

velocity, 
de- 

physical system, 
rivers 

kinetic energy 
com- 

the redistribu- 

propose 
which 
1-3), 
(Fig. 

by 
pro- 

of 
re- 

coincides 

SHREDDERS GR ERS 

' - 1  ELATIVE CHANNEL WIDTH - 





Mayfly (Ephemeroptera)

Stonefly (Plecoptera)

Caddisfly (Trichoptera)

Macroinvertebrate	  Diversity

Richness
(#	  of	  species)

Evenness
(#	  of	  individuals/species)

Indices	  of	  Stream	  Health
Species	  vary	  in	  sensi<vity

EPT	  index
(%	  of	  mayflies,	  stoneflies	  &	  caddisflies)




