
Plant	
  quiz	
  2	
  

10 examples plants from the teaching collection for you to identify with the 
following information: 
 
1) Latin name (Genus, species),   2) Family name, 3) 2 characteristics that 
helped you place it in the correct family.      
 

•  Latin names are underlined (or italicized).  
•  Capitalize the genus name, no caps on the species name. 
•   Items like ssp., var. cf. are not italicized.  
•  Family names are not italicized.  

 



Next	
  discussion	
  papers:	
  Monday	
  a8er	
  spring	
  
break	
  	
  

Discussion	
  Group	
  1,	
  	
  
1.  Walker, D. A., J. C. Halfpenny, M. D. Walker, and C. Wessman. 1993. Long-term studies 

of snow-vegetation interactions. Bioscience 43:287–301.	



2.  Aitchison, C. W. 2001. The effect of snow cover on small mammals. P. 229-265 in Jones 
H.G. et al. Snow Ecology. Cambridge: Cambridge University Press.	



	
  
Discussion	
  Group	
  2,	
  	
  
1.  Ehrich, D., J.-A. Henden, R. A. Ims, L. O. Doronina, S. T. Killengren, N. Lecomte, I. G. Pokrovsky, G. 

Skogstad, A. A. Sokolov, V. A. Sokolov, and N. G. Yoccoz. 2011. The importance of willow thickets for 
ptarmigan and hares in shrub tundra: the more the better? Oecologia 168:141–151.	



2.  Tape, K. D., R. Lord, H.-P. Marshall, and R. W. Ruess. 2010. Snow-Mediated Ptarmigan Browsing and 
Shrub Expansion in Arctic Alaska. dx.doi.org 17:186–193.	





Field	
  trip,	
  Mar	
  9	
  &	
  10	
  
	


1.  Saturday & Sunday, Mar 9 and 10. Meet in the parking lot west side 

of Arctic Health Building at 9 am both days.	



2.  Saturday: North Campus Lands, Smith Lake.	


a.  Snow pit descriptions: Forest and lake.	


b.  Winter vegetation.	


c.  Animal winter activity and tracks.	



3.  Sunday: Murphy Dome.	


a.  Snow pits in the alpine.	


b.  Observations of wind pack, sastrugi, animal tracks, etc. 	


c.  Fun day in the alpine if the weather permits.	



4.  Need snow shoes or skis for both days. On Saturday walking may be 
possible because we will be near the walking trails on the NCL.	



5.  Bring a sack lunch both days. We will set up Coleman stoves for hot 
drinks at Smith Lake. Sunday will likely be a half day trip.	



	





Field	
  trip	
  equipment	
  list	
  (will	
  be	
  posted	
  on	
  web	
  
page	
  for	
  field	
  trip)	
  Required: 	



1-liter water bottle, fill with hot water and wrap in sweater 	


Sack lunch for both days 	


2 ski hats (in case one gets lost) 	


cap with visor for sun 	


sunglasses 	


bandana, 	


handkerchief 	


balaclava or face mask to prevent face frost bite 	


warm parka with hood 	


fleece jacket 	


light fleece or wool shirt (main shirt during the trip) 	


heavy polypro or wool pants or Carhart overalls (no jeans or cotton pants) 	


long underwear (preferably polypro, tops and bottoms) 	


2 pr fleece gloves or liners 	


over gloves or mittens 	


2 pair warm socks 	


Sorels or bunny boots or mukluks 	


Cup for warm drinks 	


backcountry skis w/metal edges, boots, poles, wax, gaiters OR snowshoes, poles, gaiters 	


Gaiters to keep snow out of boots (other options include plastic sacks over the socks and tucking pant legs in the boots snuggly). 
chapstick 	


day pack large enough to hold all clothing, lunch, etc. 	


field notebook,	


pen, pencil 	


hand lens 	


pocket knife 	


small roll of toilet paper 	


sun protection 	


3-4 waterproof stuff sacks (to hold clothing and misc. gear in pack) 	


Optional:  binoculars, camera, cell phone, GPS unit, matches, thermos for hot drinks, whistle (for emergency) 	





Lesson 7a  
Snow Ecology 

D.A. (Skip) Walker 

Biol 488, Arctic Vegetation Ecology 
University of Alaska Fairbanks 



Overview of lecture 7 
Focus on the ecology of snow  
 
•  Lecture 7: An interdisciplinary examination of snow covered 

ecosystems 
–  Physical properties of snow (Pomeroy and Brun 2003) 
–  Characterization of snow (UNESCO-IHP 2009) 
–  Snow metamorphosis (Sommerfeld and Chapelle 1970) 
–  Global snow cover classification (Sturm, Holmgren, Liston 1995) 
–  Snow chemistry (Tranter & Jones 2001) 
–  Snow ecosystems (Hoham 2001, Aitchison 2001) 

•  Lecture 8: Snow biology 



Characterization of 
snow 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  
D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  
Sokratov.	
  2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  
Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  
Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  IACS	
  
ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

  Features	
  of	
  deposited	
  snow	
  
•  Grain	
  shape	
  and	
  size	
  
•  Snow	
  density	
  and	
  hardness	
  
•  Liquid	
  water	
  content	
  
•  Layer	
  thickness	
  and	
  total	
  

depth	
  
•  Surface	
  features	
  

 Grain	
  shape	
  classificaMon	
  
 ObservaMon	
  guidelines	
  



Snow 
description form 

Also	
  take	
  
photo	
  of	
  pit	
  
wall	
  with	
  
tape	
  for	
  scale	
  
and	
  markers	
  
showing	
  
layer	
  
boundaries.	
  

Mary	
  Albert	
  	
  (CRREL)	
  
sampling	
  snow	
  in	
  
AntarcMca.	
  hUp://
snow.usace.army.mil/
heat_mass_transfer/	
  	
  



 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

1.   PrecipitaMon	
  (PP)	
  (columns,	
  needles,	
  plates,	
  stellar	
  dendrites,	
  irregular	
  
crystals,	
  graupel,	
  hail,	
  ice	
  pellets)	
  

2.   Decomposing	
  and	
  fragmented	
  precipitaMon	
  parMcles	
  (DF)	
  parMally	
  
decomposed,	
  highly	
  broken	
  parMcles)	
  

3.   Rounded	
  grains	
  (RG)	
  (small,	
  large,	
  mixed)	
  
4.   Faceted	
  crystals	
  (FC)	
  (solid	
  faceted,	
  small	
  faceted,	
  mixed)	
  
5.   Cup-­‐shaped	
  crystals	
  and	
  depth	
  hoar	
  (DH)	
  (cup	
  crystals,	
  columns	
  of	
  depth	
  

hoar,	
  columnar	
  crystals)	
  
6.   Wet	
  grains	
  (WG)	
  (clustered	
  rounded	
  grains,	
  rounded	
  poly-­‐crystals,	
  slush)	
  
7.   Feathery	
  crystals	
  (SH)	
  (surface	
  hoar,	
  cavity	
  hoar)	
  
8.   Ice	
  forms	
  (IF)	
  (Ice	
  layer,	
  ice	
  column,	
  basal	
  ice,	
  sun	
  crust,	
  rain	
  crust)	
  

Grain shape classification 



Precipitation particles (class PP cont) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Columns	
  (PPco):	
  
Growth from water 
vapour at –8°C and 
below–30°C	
  

 Needles	
  (PPnd):	
  
Growth from water 
vapour at super-
saturation at –3 to –
5°C and below –
60°C	
  

 Plates	
  (PPpl):	
  
Growth from water 
vapour at 0 to –3°C 
and –8 to –70°C	
  



Precipitation particles (class PP cont’) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Plates	
  (PPpl)	
  
 Stellars,	
  

dendrites(PPsd):	
  
Growth from water 
vapour at 
supersaturation at 0 
to –3°C and at –12 
to –16°C	
  



Decomposed 
precipitation snow 

particles (class  DF) 
 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  
McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  The	
  
InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  
UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  IACS	
  
ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

DecomposiMon	
  due	
  to	
  
either	
  increasing	
  
temperatures,	
  decreasing	
  
thermal	
  gradient	
  	
  (DFdc)	
  
	
  
Or	
  to	
  fragmentaMon	
  and	
  
packing	
  by	
  wind	
  and	
  
sintering	
  (DFbk)	
  
	
  



Rounded grains 
(class RG) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Small	
  (RGsr):	
  Result	
  
of	
  low	
  temperature	
  
metamorphosis,	
  
decrease	
  in	
  surface	
  
area,	
  slow	
  sintering.	
  
	
  
Large	
  (RGlr):	
  	
  Effect	
  of	
  
grain	
  to	
  grain	
  vapor	
  
diffussion	
  and	
  
sintering.	
  	
  
	
  
Wind	
  packed	
  (RGwp):	
  
Packing	
  and	
  
fragmentaMon	
  with	
  
sintering.	
  	
  



Faceted particles (class FC) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Solid	
  faceted	
  parMcles	
  (FCso):	
  Solid	
  keneMc	
  
growth	
  form	
  with	
  sharp	
  edges,	
  glassy	
  
smooth	
  faces.	
  

Grain	
  to	
  grain	
  vapor	
  diffusion	
  driven	
  
by	
  high	
  temperature	
  gradient.	
  

Faceted	
  rounded	
  parMcles	
  (FCxr):	
  TransiMonal	
  
form	
  to	
  faceted.	
  



Depth Hoar 
(class DH)  

 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Grain	
  to	
  grain	
  vapor	
  diffusion	
  driven	
  by	
  
large	
  temperature	
  gradient.	
  

Hollow	
  cups	
  (DHcp):	
  Large	
  temperature	
  gradient	
  
Large	
  striated	
  crystals	
  (Dhla):	
  Long	
  Mme	
  with	
  
large	
  temperature	
  gradient	
  required.	
  



Melt forms (class MF) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Wet	
  snow	
  with	
  liquid	
  water	
  
content.	
  

Clustered	
  rounded	
  grains	
  (MFcl):	
  
Wet	
  snow	
  with	
  low	
  liquid	
  water	
  
content.	
  Meltwater	
  can	
  drain,	
  
usually	
  near	
  the	
  surface.	
  
	
  
Slush	
  (MFsl):Wet	
  snow	
  with	
  high	
  
liquid	
  water	
  content.	
  Meltwater	
  is	
  
blocked,	
  someMmes	
  with	
  very	
  high	
  
solar	
  radiaMon,	
  temperature	
  or	
  rain.	
  
	
  
	
  	
  



Snow metamorphosis 

 
 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  
Journal	
  of	
  Glaciology	
  9:3-­‐17.	
  
	
  



Equi-temperature vs. temperature-gradient snow 
metamorphosis 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  
Journal	
  of	
  Glaciology	
  9:3-­‐17.	
  

Beginning	
  equi-­‐
temperature,	
  

decreasing	
  grain	
  
size	
  metamorphism	
  

Late	
  equi-­‐
temperature,	
  

decreasing	
  grain	
  
size	
  metamorphism	
  

Beginning	
  equi-­‐
temperature,	
  

increasing	
  grain	
  size	
  
metamorphism	
  

Advanced	
  equi-­‐
temperature,	
  

increasing	
  grain	
  size	
  
metamorphism	
  

Beginning,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

ParMal,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Advanced,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Beginning,	
  late,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Advanced,	
  late,	
  
temperature-­‐
gradient	
  

metamorphism	
  

•  http://www.discoverlife.org/20/q?search=Heracleum+maximum	





Low-temperature-gradient vs. High-temperature-
gradient snow metamorphosis 

Low-temperature-gradient metamorphosis: Temperature gradient < 5˚C 
m-1, produces small rounded grains (class 3), efficient settling rate, good 
cohesion due to growth of ice bonds between grains (sintering). Typical 
of in regions with heavy snowfalls or strong redistribution by wind. 

 
Medium-temperature-gradient metamorphosis: Temperature gradient  

5-15 ˚C m-1, produces faceted crystals (class 4). Crystal growth is slow 
because gradient effects are partially balanced by redistribution of 
moisture due to crystal curvature effects (class 3). 

 
High-temperature-gradient metamorphosis: Temperature gradient > 15˚C 

m-1, produces depth hoar crystals (class 5). Large plate-like crystals grow 
quickly. Characterized by very slow settling rate, weak cohesion. Typical in 
cold and dry climate regions. 

 
 
 

Pomeroy,	
  J.	
  W.	
  and	
  E.	
  Brun.	
  2001.	
  Physical	
  properKes	
  of	
  snow.	
  Pages	
  45-­‐126	
  in	
  H.	
  G.	
  Jones,	
  J.	
  
W.	
  Pomeroy,	
  D.	
  A.	
  Walker,	
  and	
  R.	
  W.	
  Hoham,	
  editors.	
  Snow	
  Ecology:	
  An	
  Interdisciplinary	
  
ExaminaKon	
  of	
  Snow-­‐covered	
  Ecosystems.	
  Cambridge	
  University	
  Press,	
  Cambridge.	
  
	
  



Equilibrium (= low-
temperature-

gradient) snow 
metamorphosis 

hcp://www.geotech.org/survey/geotech/Snow
%20Metamorphosis.pdf	
  



Kenetic (= high-
temperature-gradient) 
snow metamorphosis 

hcp://www.geotech.org/survey/geotech/Snow%20Metamorphosis.pdf	
  



Snow metamorphosis animation 

 
 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  Journal	
  of	
  Glaciology	
  
9:3-­‐17.	
  
	
  

hcp://www.slf.ch/ueber/organisaKon/schnee_permafrost/projekte/
schneemetamorphose/index_EN	
  

WSL,	
  InsKtute	
  for	
  Snow	
  and	
  Avalanche	
  Research,	
  Davos,	
  Switzerland,	
  
SLF	
  



Snow Cover Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  
for	
  local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  8:1261-­‐1283.	
  



Snow Cover Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  
for	
  local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  8:1261-­‐1283.	
  



Snow Cover Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  
for	
  local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  8:1261-­‐1283.	
  



Snow Cover 
Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  
A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  for	
  
local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  
8:1261-­‐1283.	
  



Snow chemistry 

Processes affecting snow chemistry 
during growth and fall: 
 
•  In-cloud processes 

–  Cloud droplet formation (uptake of 
gases) 

–  Ice crystal nucleation (incorporation of 
nucleating agents) 

–  Ice-crystal growth (dilution) 
–  Scavenging of cloud droplet during 

motion within cloud. 

•  Below cloud processes 
–  Aerosol scavenging of gases  

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry 

Chemical composition of snowfall at selected sites: 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry 

Processes affecting dry snow 
chemistry during accumulation 
season: 
•  Above-snow processes: 

–  Windblown snow scavenging 
–  Dry deposition. 
–  Wet deposition 
–  Local litter, dust 
–  Photochemical reactions 

•  Within snow processes: 
–  Dry snow metamorphism 

•  Below-snow processes: 
–  Gaseous emissions 
–  Snow- soil deposition 
–  Microbial activity (if soil is 

warm enough) 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry: Exchange with soil 
surface 

Gas concentrations within snow pack: 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 

•  Mainly a result of microbial decomposition beneath the snowpack. 
•  Ceases at about -8˚C. 



Snow chemistry 

Processes affecting snow chemistry 
during thaw: 
•  Above-snow processes: 

–  Windblown snow scavenging 
–  Dry deposition. 
–  Wet deposition 
–  Local litter, dust 

•  Within snow processes: 
–  Wet snow metamorphism 
–  Micro-pore flow 
–  Melt-water leaching 
–  Melt-particulate interactions 
–  Microbial activity 

•  Below-snow processes: 
–  Gaseous emissions 
–  Microbial activity 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Next lecture: Snow as a habitat and snow-
vegetation interactions 

Watermelon 
snow 

 
 

 

Photo:	
  	
  Watermelon	
  snow	
  in	
  Sierra	
  mountains,	
  Green	
  snow	
  alga:	
  Chlamydomonas	
  nivalis	
  
Will	
  Beback,	
  hcp://en.wikipedia.org/wiki/File:Watermelon_snow_streaks_3.jpg	
  

Green	
  alga:	
  
Chlamydomonas	
  
nivalis.	
  	
  
Source:	
  hcp://
emu.arsusda.gov/
typesof/pages/green
%20algal.html	





Life cycle of algal 
flagellate, Chloromonas 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

1.   2N	
  Zygospores	
  germinate	
  by	
  
meiosis	
  on	
  soil	
  surface	
  producing	
  
bi-­‐flagellated	
  1N	
  zoospores.	
  

2.   1N	
  Zoospores	
  “swim”	
  upward	
  to	
  
snow	
  surface	
  within	
  liquid	
  water	
  
surrounding	
  snow	
  crystals	
  of	
  
isothermal	
  snow.	
  

3.   Zoospores	
  reproduce	
  asexually	
  
developing	
  large	
  populaMons	
  of	
  
snow	
  algae.	
  

4.   Zoospores	
  create	
  visible	
  blooms	
  of	
  
snow	
  algae	
  on	
  the	
  snow	
  surface.	
  
With	
  nutrient	
  depleMon,	
  1N	
  
gametes	
  from	
  1N	
  zoospores	
  fuse	
  
to	
  form	
  2N	
  resMng	
  zygotes.	
  

5.   Zygotes	
  return	
  to	
  soil	
  passively	
  
through	
  meltwater	
  percolaMon	
  
and	
  seUling	
  of	
  the	
  snow.	
  



Life cycle of algal flagellate, Chloromonas polyptera 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

a.  bi-­‐flagellated	
  1N	
  zoospores.	
  
b-­‐e.	
  1N	
  Zoospores	
  “swim”	
  upward	
  to	
  

snow	
  surface	
  within	
  liquid	
  water	
  
surrounding	
  snow	
  crystals	
  of	
  
isothermal	
  snow.	
  Zoospores	
  
reproduce	
  asexually	
  developing	
  
large	
  populaKons	
  of	
  snow	
  algae.	
  
Zoospores	
  create	
  visible	
  blooms	
  
of	
  snow	
  algae	
  on	
  the	
  snow	
  
surface.	
  	
  

f.  With	
  nutrient	
  depleKon,	
  1N	
  
gametes	
  from	
  1N	
  zoospores	
  fuse	
  
(anisogamy)	
  to	
  form	
  2N	
  resKng	
  
zygotes.	
  

g-­‐j.	
  	
  	
  Zygotes	
  return	
  to	
  soil	
  passively	
  
through	
  meltwater	
  percolaKon	
  
melKng	
  and	
  secling	
  of	
  the	
  snow.	
  

Zygote	
  (2N)	
  
(resMng	
  stage)	
  

Zoospore	
  (1N)	
  

Zoospore	
  (1N,	
  vegetaMve	
  stage)	
  

Planozygote	
  	
  
(2N)	
  

Rapid	
  vegetaMve	
  reproducMon,	
  migraMon	
  to	
  snow	
  surface,	
  
forming	
  blooms	
  of	
  snow	
  algae	
  	
  

Anisogamy	
  
(fusion	
  to	
  
form	
  2N	
  
zygot)	
  



Other cryophilic organisms 
found in snow 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

1-­‐2	
  	
  	
  	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  resKng	
  
spores	
  

3-­‐4	
  	
  	
  Green	
  alga	
  (Chloromonas	
  brevispina)	
  
zygospores.	
  	
  

5-­‐9	
  	
  	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  
vegetaKve	
  cells.	
  

10-­‐11	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  
zygospores.	
  

12-­‐21	
  Other	
  green	
  algae	
  forms.	
  
22-­‐24	
  Golden	
  alga	
  (Chromolina	
  chionophilia)	
  
25-­‐27	
  Euglena	
  (Notosolenus	
  sp.)	
  
28-­‐30	
  Fungus	
  (Seleno8la	
  nivalis)	
  
	
  



Red snow in the Sierras 

http://waynesword.palomar.edu/index.htm 

Upper	
  right	
  Microscopic view (400 X) of the 
bright red resting cells (aplanospores) of 
Chlamydomonas nivalis. The larger winged 
structure (lower left) is a pollen grain from 
the timberline whitebark pine (Pinus 
albicaulis). The smaller, transparent-green 
cells (center) with a lipid droplet at each end 
are Chloromonas, another species of snow 
alga. The red coloration is due to carotinoid 
pigments that protect the cells from intense 
solar radiation.	
  	
  (From	
  Wayne’s	
  World,	
  
Noteworthy	
  plant	
  for	
  1998.	
  hcp://
waynesword.palomar.edu/plaug98.htm).	
  

	
  



Yellow snow (where the doggies didn’t go!)  

Photo: Brian Duval 

•  Non	
  red	
  forms	
  thrive	
  in	
  
shaded	
  areas,	
  e.g.	
  spruce	
  
and	
  fir	
  forests.	
  

	
  
Some	
  consequences	
  of	
  snow	
  algae:	
  	
  
1.  Bacterial	
  colonies	
  develop	
  

around	
  the	
  algae.	
  
2.  These	
  are	
  fed	
  on	
  by	
  roKfers	
  

and	
  other	
  higher-­‐level	
  
predators.	
  

3.  More	
  complex	
  animals,	
  such	
  as	
  
Mesenchytraeus	
  ice	
  worms,	
  
and	
  Collembola,	
  snow	
  fleas,	
  
also	
  graze	
  on	
  algae.	
  

4.  Tardigrades,	
  or	
  water	
  bears,	
  
prey	
  on	
  a	
  variety	
  of	
  organisms.	
  

5.  Fungi	
  decompose	
  the	
  organic	
  
material.	
  



Snow fleas 
(Collembola) 

Aitchison, C. A. 2001. The effect of snow 
cover on small animals. Pages 229-265 in 
H. G. Jones, R. W. Hoham, J. W. Pomeroy, 
and D. A. Walker, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

Collembola	
  (Isotoma	
  sp.)	
  



Winter food of shrew (Sorex minutus) 

Aitchison, C. A. 2001. The effect of snow 
cover on small animals. Pages 229-265 in 
H. G. Jones, R. W. Hoham, J. W. Pomeroy, 
and D. A. Walker, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 



Snow as a habitat: Snow ecosystems 

Aitchison, C. A. 2001. The effect of snow cover on small animals. Pages 
229-265 in H. G. Jones, R. W. Hoham, J. W. Pomeroy, and D. A. Walker, 
editors. Snow Ecology. Cambridge University Press, Cambridge. 

1.   Subnivian	
  plants.	
  
2.   Fungi	
  
3.   Snow	
  algae	
  
4.   Red	
  backed	
  vole	
  

(Clethrionomys	
  
gapperi)	
  

5.   Collembola	
  
(Isotoma	
  sp.)	
  

6.   Deer	
  mouse	
  ()	
  
7.   Wolf	
  spider	
  

(Pardosa	
  sp.)	
  
8.   Masked	
  shrew	
  

(Sorex	
  cinereus)	
  
9.   ShorUail	
  weasel	
  

(Mustela	
  erminea)	
  
10.   Red	
  fox	
  (Vulpes	
  

fulva	
  )	
  
11.   Great	
  gray	
  owl	
  

(Strix	
  nebulosa)	
  
12.   Boreal	
  owl	
  

(Aegolium	
  
funereus)	
  



Take home points 
1.  Go over methods of describing snow pits in the UNESCO manual 

(slides 8-32). We will describe three snow pits during the field trip.  

2.  Understand the processes of low-temperature-gradient (equilibrium)  
and high-temperature-gradient (kenetic) snow metamorphosis (slides 
33-39). 

3.  Be able to recognize the physical properties of tundra, tiaga, prairie, 
alpine, and maritime snow (slides 40-43). 

4.  Be able to describe the major processes contributing to changes in 
snow chemistry in the atmosphere, in dry snow on the ground, and 
during the snow melt period (slides 44-48). 

 



Next	
  papers:	
  Week	
  a8er	
  spring	
  break	
  

	
  
Discussion	
  Group	
  1,	
  	
  
1.  Walker, D. A., J. C. Halfpenny, M. D. Walker, and C. Wessman. 1993. Long-term studies 

of snow-vegetation interactions. Bioscience 43:287–301.	



2.  Aitchison, C. W. 2001. The effect of snow cover on small mammals. P. 229-265 in Jones 
H.G. et al. Snow Ecology. Cambridge: Cambridge University Press.	



	
  
Discussion	
  Group	
  2,	
  	
  
1.  Ehrich, D., J.-A. Henden, R. A. Ims, L. O. Doronina, S. T. Killengren, N. Lecomte, I. G. Pokrovsky, G. 

Skogstad, A. A. Sokolov, V. A. Sokolov, and N. G. Yoccoz. 2011. The importance of willow thickets for 
ptarmigan and hares in shrub tundra: the more the better? Oecologia 168:141–151.	



2.  Tape, K. D., R. Lord, H.-P. Marshall, and R. W. Ruess. 2010. Snow-Mediated Ptarmigan Browsing and 
Shrub Expansion in Arctic Alaska. dx.doi.org 17:186–193.	




