Abstract: The Arctic is rapidly warming. Responses

to warming involve acceleration of processes AfCt'C I.TER The ROIE Of BlOgEOChen“Cal and COmmur"ty 0penness In PRINCIPAL IRVESTIGATORS

: Ed Rastetter (lead PI) Marine Biological Laboratory
common to all ecosystems (e.g., plant community

changes) and changes to processes unique to the . Governing Response to Climate Change and Disturbance Breck Bowden University of Vermont

_ L prav4 Phaedra Budy Utah State University
Arctic (e.g., IOSS Of perm.EifrOSt). Our ObJeCt|VeS dlre e ‘ > y 3 z &‘ | Anne Giblin Marine Bio|0gica| Labora’[Ory
to use the ccgncepts oflllc)logeechemlcql gnﬁl \NSF L Y - e " B - | ’ TR Laura Gough Towson University
community "openness" and connectivity” to ,_ . . > : | " pe— George Kling University of Michigan
understand the responses of arctic ecosystems to e M | - | -~
climate change and disturbance. "Biogeochemical , ¢ : COLLABORATING INVESTIGATORS:
openness' relates to ecosystems dependence on LR . .
: - Colorado State University: John Moore, Matt Wallenstein,
O e e ol o oo [ S5 v st sas
: : Earth Observatory: Natalie Boelman, Kevin Griffin; Marine
. n __A 1 1
carbon fixed locally by photosynthesis. "Community !B.!GETB‘MNEEL\(/;\I/CQBKARCH Biological Laboratory: John Hobbie, Gus Shaver, Jim

openness' relates to the effect of organism

. Tang, Jim Laundre; Murray State University: Mike Flinn;
movement in and out of the ecosystem on

Northern Arizona University: Michelle Mack; Oregon State

community and trophic structure. “Landscape - L OCATION Witnin-pasinuir et eeling Seunssiean ubrient spiming s ream: University: Byron Crump; University of Alabama: Alex
connectivity" describes the nature and strength of LT e B L e - Hill Slopes: Streams: Huryn, Gregg Starr; University of Alaska Fairbanks: M.
interactions among ecosystem components and the EEREEEEEEEEE < Toolik Field Station is at 68°N, in north- Syndonia Bret-Harte; University of California at Santa
resultant propagation of ecological signals across b e | ‘Zi‘lc'”l? fo‘%tr?'"s.t()f It.he '.Sr?()ks Rlange’ Barbara: Josh Schimel; University of Colorado: Mike
the landscape. Components of the arctic landscape |2§a?éd ro?”‘;' ehi'”e:;':]doiggleurdﬁs . !‘ > Gooseff; University of Connecticut: Mark Urban, Heidi
differ widely in biogeochemical and community grray of tundragecosystems Streams \ !‘ > _ . Golden; University of Michigan: Rose Cory, Adrianna
openness. We will compare key ecosystems of the ’ ’ Recycled nutrients  Throughput of nutrients Trusiak; University of New Hampshire: Erik Hobbie,

and oligotrophic lakes up to 20 m depth accumulated over time  accumulated over space  Repecca Rowe; University of Notre Dame: Adrian Rocha;

Arctic to determine how their degree of openness

[Nutrient]
=
[Nutrient]

; ) ST~ VT NG | niversity of Texas at Austin: Bayani Cardenas;

governs their responses to climate change and U N cniversity f | hA .

te disturbance such as fire and surface slumping FEss . o CLIMATE e "- S University of Texas at El Paso: Jennie McLaren;
acu iated with : h W i1 al Air Temp May 0.6 °C Tikie ime warming University of Toledo: Mike Weintraub; Utah State
associated with permatrost thaw. We will also June 31 & CRTRT— o | University: Beth Neilson; Wilks University: Ned Fetcher;
determlne how the respo_nses to climate change ul 1'1 9 The nearly closed ecosystems The more open ecosystems in \/viv/v Woods Hole Research Center: Linda Deegan, Sue Natali;
and disturbance are mediated by landscape A“ y A on hill slopes are poorly streams are well connected Permafrost - e
Connectivity and the movement of nutrients, ugust : connected and thereff)re a-nd therefo.re propagate Warsiitg will easeihieral TTEnt eveling, ttp://ecosystems.mbl.equ/arc

Annual Ave -8.4 delay and attenuate signals signals moving downstream

nutrient inputs from thawing permafrost, and

Precipitation 200-300 mm nmu:\:ii:rg‘td:lmr:eilope (e-g., {538 DettRITL pulse) downslope nutrient losses (leakiness). NSF 1637459

carbon, and organisms across arctic landscapes,
and how that movement is facilitated or impeded
by the degree of openness of the ecosystems.

- | 100% 100% —
TERRESTRIAL RESEARCH LAND-WATER INTERACTIONS RESEARCH ?hTREAMS thE%E-A::CH o A '] sersipe00s7 ® @ | | LAKES RESEARCH 7 N =
; : : : . : e Changes noted In the panel 10 tne Tau=0.27 : . . : : % = i
Arctic terrestrial ecosystems are closed Slow (climate change, permafrost thaw) and rapid disturbance (fires and eft ( ermgfrost e therr’gokarst fire) = With climate warming, arctic lakes will 5" ; N
. . . . . . . - - ~. 0 = 0
biogeochemically but warming is thermokarst failures) affect connectivity and biogeochemical openness Al ae:t nE e e ! 3 likely experience increased water . .
‘ . ) - . . . . . . A O %
“opening” nutrient Cvcllfng by SHO\{VIng - differently, and will determine how the tundra responds to future change. P y P temperatures and altered hydrology, S -
= . : % 259 2 20%
greater nutrient inputs from thawing . 1. Disturbance type alters carbon species and export from land. = which may have varying effects on = g
permafrost and potentially opening the S Other non-living . ypP . P P 1. Long-term records reveal = y ! 5 Qo
ety By A oWt pove)soee csio 3 Lichens Thermokarst failures export mostly mineral forms of carbon (DIC), burned changes in stream biogeochemistry open (connected) versus closed lakes oo o A
. e e 0soF B Evargreens catchments export mostly organic forms (DOC), and undisturbed catchments | gnd food web resources , (isolated). For example, open lakes may 1 12 erihonss  ommelek  eokerw Pk
establish. Our |0ng_term fertilization 82 lgg})%rsf%%basmaemorus : . 1085 1000 1905 2000 2005 2010 2015 - ’ '+  mac  WMolluskEges M EgesUnknown Plecoptera M Coleoptera
experiments provide insights into how 2 . & Qther deciduous export equal amounts of DIC and DOC (pie charts below). Thus the Concentrations of nitrate (A) and other ' vear 77|/ be more resilient to change given that mBB  mss  WTemestsl  mFsh mother
the tindro il continte i tespontits i M standing dead Betla || biogeochemical “openness” depends on the (1) type of disturbance, (2) the indicators of permafrost thaw (e.g. B 500 ® species can move more freely between : o :
. 0.25 chemical forms, and (3) the amounts of material moving from land to water. i i ) Sen-Slope=3.14 : N se | .
Warmer tem neratures and inereased (3) g sulfate, B) are increasing. At the same ik unfavorable and favorable habitats. i :
nutrient availability. Toolik Inlet South River time the relative abundances of = 1504 P=0.02 & However, this resiliency requires . )
I'hermokarst control Burned catchment < ' J— ‘ nUtrient resources are Shlftlng as We" % movement Corridors to remain § - g |
Increased nutrients cause greater NPP in = S (C anq D). Physical, 9909h9m|0<’=1_|, and = passable (altered hydrology may affect . & | & 5 | ,Lm L.
tundra plant communities while Fig. 1 Moist aci;?zotun;:;'z:esponseto e b'°|09_'ca| changes associated with - connectivity). S N B e W e B e
reducing species diversity (Fig. 1). After of added N+P. (Asmus et al. 2017) Warmlng_permafrost are fundamentally T LI T o Figure 1. Pre-manipulation data gathered during summer of 2018 on
24 vears of fertilization. arthrobod C it alterlng ||nkageS between upland and P lakes I-1 and I-2. Community composition (top left), diet composition
Y _ Ay P _ OHIPOSTION aquatic ecosvstems in rapidl T ' T T ; may respond to disturbance (altered (top right), and length frequency histograms are displayed (bottom
abundance and biomass did not differ (A) T (C) i o o 7 g : y : piaty 1000 1005 200_0 2005 2010 2015 connectivitg, we plan to panels). LT: lake trout, AG: arctic grayling; BB: burbot; SS: slimy sculpin.
from control plots but arthropod 06| . 06} 28(2)3 ; ggga Changlng arctic environments (E) E: Year . tylll : Ip o W . R i
community composition significantly 04| (N o N =3 - " g - | S 12 - experimentally ‘c o§e c; ar;fopen arming and distur ar.mce may also influence
changed in moist acidic tundra (Fig. 2, L S D Sl e, e ¥ g* . . system. In preparation for this net ecosystem production (NEP; ecosystem
Z 00} " X Z 00t % = a Thawing Permafrost =7 > . . .
Asmus et al. 2017 Oikos). Pl & S ool Ao S | o 2 ‘ E exper!ment,' two open Iakes. (11 &12) metabolism). For example, warming may alter
wl e O7 P P Thawing permafrost will increase openness and e ot > rasssedpontand z . were intensively sampled (fishes, NEP due to the temperature dependence of
In addition to affecting consumers and 3747 00 57 ov 08 4797 00 57 o7 s COC movement (even without thermokarst failures) = ¢ o~ T 5 macroinvertebrates, & overall trophic physiological processes or indirectly (e.g.,
’ w8 Adaotinn 6 Mobilizationof '\trification in Methanogenesis =0 .
NPP, increased nutrient availability can ) _ sws-omivam=s 0 siess= 0soinam= Y > v i Rl D & structure) during the 2018 summer. permafrost thaw) could affect NEP due to
alter other ecosystem characteristics in o ° i g , | 3 g?';j;ofzgg%?c“on One of these lakes will serve as the altered nutrient input to lakes. Importantly,
: 3 ', Sy AL @ sl ditace Uptake of depleted - =0. . <V, ; . . .
complex ways (Gough et al. 2016 ;C °§q°oo = . §°‘ T T ) Sanin 5 cf —- o, °Z°,,.ﬁfc°§§‘1:a"‘ <12 4 I S o PO A PR experimental lake (closed off) while the shifts in NEP may alter the role lakes play as
, , % oo} © q % 00 o iedFTS roundviater I g § (Orcsan sirecs concentratons A 150 200 25 5 45 _ :
Oecologia). In some arctic streams, S | o a00% 9 O [rerraiRL e T i ~;-4"’-‘-'-"~ - Above — Lake NE-14 changed | @2 = O other will serve as a reference lake. The  sources or sinks of carbon.
reater phosphorus resulted in a shift to o o e ° = e ~  color due to the mineral inputs e,::arsﬁngnzugfﬁ concentrations ~ /Depjeted 51°C : 3 - . .
?noss Coser \Arl)hich provided habitat for 05}t 05} Pe " F .OS'l" ‘ from a thermokarst fai|ure_ concentrations of consumers D b pOpUIatl()n Structure and dlets Of fISheS Early results SuggESt Iarge dlfferences In
. . . . . . - ) Inputs from the failure to the , _ , , L] from these two lakes were elacic (benthas not vetineludedl ecosvstem
an assemblage of invertebrates not - sl " Dooper Thaw _ "' 1 ' lake also affected the C isendiies el el dinipicss) GlabaliChande Biology s ° Nit=-0014(00C)+7.2 | || characterized and found to be very S (. ! . ) .
normally found. In lakes, greater Fig. 2 Arthropod community response to 24 -~ : \— . - SPeCi:? andtLheleand N = R*=0.49, P<0.001 <imilar (Fig 1}, sugesting theyiare metabolism among lakes (Fig 2), likely driven
: .. ) o, - \ x . . . Z ’ i i
nutrients caused eutrophication without V" °fc;‘3‘:er‘:‘gapé(l‘s\si”:“g‘iz;':f;;{c T e Lo g e o SNCHDONISeNae 2. We are developing and testing % 4 kbl e s et mnriernenital Takes by differences in morphology and landscape
altering the physical habitat, while in ftund t Above — Deeper thaw will increase the surface area in soils that are leached by frameworks to understand how & Ifthe <k : il . . position. In addition, pelagic ecosystem
terrestrial ecosystems the new plant zesfponses Ot unl ra ecosys err;s water, increasing the amount of materials such as DOC that are exported from changes in nutrient loading are - 2 nt =2 ort-term we will continue t’o respiration increases non-linearly with
el e 0 Ire. arebS rongly respC?nSIVE O soils to surface waters, independent of any changes in the amount of precipitation propagated through stream . monitor movement patterns, trophic temperature (Fig 2), demonstrating an
: : warming because warmin : i i e \ :
microclimate and use of the plots by acceleragtes i & o e o el - networks. Hypothetical patterns of Ot — T — changes, vital rates, and relative additional potential affect of lake warming.
- . . S 9 L . . »
both invertebrates and vertebrates. : i T IOTOIMIMOnITCation of terres e ilaanen ol stream solute sources distributed - Dissolved Organic Carbon u) Fhlindaneeane biomass; while inithe Future research and monitoring will continue
nutrients through soils (Fig. 3; connectivity and may strongly contribute to aquatic inorganic nitrogen. differently in watersheds (F) - ' longer term, changes in population g
sew  Modont Unburned Jiang et al. 2017 Ecological Dissolved | Nt SIN) in Toofik Lak N2 Diriiar/arsas Ao Stondor e | S e stiUetie eveles and trends will be to focus on understanding how arctic lake
| | | Applications). Our simulations issolved Inorganic Nitrogen (DIN) in Toolik Lake (mmol N m*y~] e F 3 \— | : - ined ecosystems and their organisms will respond
2 o | o sources; lighter areas are ¢ examined. , ,
™ il also indicate that tundra o P WAk soiress. The patterns { to climate change and disturbance.
| | reestablishes nutrient cycles Stream Inflow %) Fecipreation Stream Outflow : P | | -~ I f =
. | | ] ) ) 5 9 606 07 * 3.5 Of Solute Concentrat|0ns (G) i i i Ecosystem Metabolism: Fog Lakes | & Rep = o | R%=0.72
5 ¥ ' qu'Ckly .after disturbance I'Ife | 4 at particular points in the W 2 Cvam Ny X §°
g || || ‘% fire, which helps close nutrient Photo-ammonification Algal Uptake S ST ) e 291
§ § | i ' ini 1 Nofixati — I Lake budget P » ' ] g B
. _ f\—% | mcams | CyCles and retain remaining & ail N-fixation DON = NH,* ~ 2.0 (Inputs — Outflow) g S e ' 2 4 ; z g,
5 mf&..@ | | o= | et nithe e syt ar i uneh v 31 (Whalen & Cornwell 1985) the specific distributions of & | . : N
8 . °mmm e o © o® o © . g’ “6 (9] R
- | |12 g tharaby [imits lone-term (Hobara et al. 2006)  \ I— ’ . . the upstream sources. We = - it 1] s Eal, - .
5 [ ) - e Bemtiiie -Fus can use the concentration % sl Baiidastoedl ~ ARaloadand®™ *_ 1T W, * § | wt
o | | biogeochemical connectivit 0.01 - 0.03 mmol m?y* (Gettel et al. 2007) : : . 18 7 7 NeeRi | o * | P S
: | dov%n slope (Jiang et al 201Y5 - patterns in the river to infer ~ § - =T [T 3 C O
P e . . o . . . : 9l I — .}_;° o B lea Fog 1 Fog2  Fog3  Fogb
; | Eco/ogica/ App/ications). A.bove B [.)ISSOIVe.d organic nitrogen (DON) d‘orr!mates terrestrial and gq_uahc N pUdgetS’ but the nature and Spatlal Subcatchment ares (low) Figure 2. Estimates of pelagic ecosystem metabolism for the fog lakes (top left) and the
- ‘ | : . ; dissolved Inorganic N (DIN) released from sails is eXtremely low and limits aquatlc SyStem arrangement Of SOIUte relationship between daily rates of pelagic ecosystem respiration and temperature in Fog 5
2010 2050 ZY":ar 2150 2200 2010 2050 2Y1:oar 2150 2200 2010 2050 IY":ar 2150 2200 Flg 5 'MOdQIEd. C stocksin reSpC.)nse to flre, productivity (along with PO4) However’ Sunlight can alter DON to NH4+ during phOtO'ammoniﬁcation, Sources Abbott et al. (2018) ECOIOgy Letters 21: 296-308 (bottom. right). GPP: Gross primarY production; R: EFosystem .respiration; NEP: Net ecosystem
warming, and increased CO,. (Jiant et al. 2017) and this contribution of terrestrial DON to aquatic DIN increases overall landscape openness. - production or ecosystem metabolism. The benthos is not yet included.



http://ecosystems.mbl.edu/arc

