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Abstract

Temperature acclimation of leaf respiration (R) is an important determinant of eco-
system responses to temperature and the magnitude of temperature-CO, feedbacks
as climate warms. Yet, the extent to which temperature acclimation of R exhibits a
common pattern across different growth conditions, ecosystems, and plant functional
types remains unclear. Here, we measured the short-term temperature response of R
at six time points over a 10-month period in two coastal wetland species (Avicennia
germinans [C, mangrove] and Spartina alterniflora [C, marsh grass]) growing under am-
bient and experimentally warmed temperatures at two sites in a marsh-mangrove
ecotone. Leaf nitrogen (N) was determined on a subsample of leaves to explore po-
tential coupling of R and N. We hypothesized that both species would reduce R at
25°C (R?°) and the short-term temperature sensitivity of R (Q,,) as air temperature
(T

Lir) increased across seasons, but the decline would be stronger in Avicennia than in
Spartina. For each species, we hypothesized that seasonal temperature acclimation
of R would be equivalent in plants grown under ambient and warmed temperatures,
demonstrating convergent acclimation. Surprisingly, Avicennia generally increased R%®
with increasing growth temperature, although the Q,, declined as seasonal tempera-
tures increased and did so consistently across sites and treatments. Weak tempera-
ture acclimation resulted in reduced homeostasis of R in Avicennia. Spartina reduced
R?% and the Q,, as seasonal temperatures increased. In Spartina, seasonal temperature
acclimation was largely consistent across sites and treatments resulting in greater res-
piratory homeostasis. We conclude that co-occurring coastal wetland species may
show contrasting patterns of respiratory temperature acclimation. Nonetheless, leaf
N scaled positively with R? in both species, highlighting the importance of leaf N in
predicting respiratory capacity across a range of growth temperatures. The patterns
of respiratory temperature acclimation shown here may improve the predictions of

temperature controls of CO, fluxes in coastal wetlands.
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1 | INTRODUCTION

Roughly, half of terrestrial gross primary production (GPP) is returned
to the atmosphere each year via autotrophic respiration (Piao et al.,
2013), and approximately half of plant respiration comes from leaves
(Atkin et al., 2007, 2015). As a result, leaf respiration (R, typically
measured in darkness as CO, efflux) is an important parameter for
simulating carbon (C) cycling in terrestrial biosphere models (TBMs)
and associated earth system models (Atkin et al., 2014; Fisher et al.,
2014). Leaf R is determined by a series of enzymatic reactions in the
cytosoland mitochondriaandis therefore temperature dependent. In
the short term (minutes, hours), R increases quasi-exponentially with
increasing measurement temperature before reaching an optimum
(typically between 50 and 60°C Aspinwall et al., 2017; O’Sullivan
et al., 2017). This temperature sensitivity has led to the prediction
that climate warming will accelerate the positive feedback between
CO, and temperature. However, there is considerable evidence that
plants may “acclimate” to seasonal or spatial variation in growth tem-
perature by modifying the short-term temperature response of R.
Many plants acclimate to increasing growth temperatures (increas-
ing seasonal temperatures, experimental warming) by reducing R at a
set measurement temperature (i.e., 25°C, Slot & Kitajima, 2015). This
type of acclimation is referred to as Type Il acclimation and is consid-
ered a change in respiratory capacity (Atkin & Tjoelker, 2003). Less
commonly, plants respond to increasing growth temperatures by re-
ducing the short-term temperature sensitivity of R (Q,,, activation
energy, Slot & Kitajima, 2015). This type of acclimation is referred to
as Type | acclimation (Atkin & Tjoelker, 2003). Both Type Il and Type
| temperature acclimation of R result in varying degrees of respira-
tory homeostasis across a range of prevailing growth temperatures
(Slot & Kitajima, 2015). At larger scales, the reduced sensitivity of R
to temperature (i.e., greater homeostasis) should reduce the posi-
tive feedback between temperature and CO, as climate warms (King
et al., 2006; Smith & Dukes, 2013). Moreover, when TBMs account
for temperature acclimation of leaf CO, exchange, higher net C stor-
age is predicted under climate warming than would be predicted
without temperature acclimation (Lombardozzi et al., 2015; Smith
et al.,, 2016).

Although leaf R and patterns and mechanisms of respiratory tem-
perature acclimation are better understood and increasingly repre-
sented in TBMs, important knowledge gaps and data uncertainties
remain. One uncertainty is whether temperature acclimation of leaf
R is consistent over time (i.e., seasons), across spatially separated
sites, and across plants growing under current and warmed climates.
Most evidence for temperature acclimation of leaf R comes from
three types of studies: field studies of plants responding to seasonal
variation in temperature at individual sites (Atkin et al., 2000; Lee
et al., 2005; Ow et al., 2008, 2010; Tjoelker et al., 2008, 2009), field
studies that implement warming overtop natural seasonal tempera-
ture changes (Aspinwall et al., 2016; Bruhn et al., 2007), and warming
studies conducted under controlled conditions on small plants, usu-
ally for short time periods (Bolstad et al., 2003; Cheesman & Winter,
2013; Drake et al., 2015). Acclimation responses observed across

all studies could be the result of a common mechanism. Indeed, two
experiments with tree species from warm-temperate and boreal
climates showed that seasonal temperature acclimation of R was
equivalent between trees grown under ambient and experimentally
warmed temperatures, indicating convergent acclimation (Aspinwall
et al., 2016; Reich et al., 2016). Thus, physiological responses to
climate warming might be predicted from studies of physiological
responses to seasonal temperature changes. There is also evidence
that temperature acclimation over time and temperature acclima-
tion across space may result in similar changes in leaf R (Vanderwel
et al., 2015). However, additional experiments are required to de-
termine whether plants show convergent patterns of temperature
acclimation of leaf R over seasons, sites, and with climate warming.
This will help determine whether temperature acclimation responses
are common and generalizable across a wide range of environmental
conditions.

Whether temperature acclimation of leaf physiology differs be-
tween C; and C, plants is also an important uncertainty. It has been
hypothesized that C, plants may show limited capacity for tempera-
ture acclimation due to a more complex physiology (Yamori et al.,
2014). Support for this hypothesis is mixed. Yamori et al. (2014) syn-
thesized results from individual studies with different methodolo-
gies and growth temperatures and found that C; plants generally
showed greater ability for photosynthetic temperature acclimation
than C, plants. However, Smith and Dukes (2017) grew several C,
and C, species together in a controlled environment under similar
temperature treatments and found that C; and C, plants showed
comparable temperature acclimation of photosynthesis and leaf R
(Smith & Dukes, 2017). Additional studies that compare temperature
acclimation of C; and C, species will help clarify whether predictions
of temperature acclimation responses need to be photosynthetic-
type specific.

Leaf R and temperature acclimation of leaf R also remain un-
derstudied in some regions and ecosystems, including coastal wet-
lands. These ecosystems are typically dominated by C, marsh grass
species and C,; mangrove species. Despite covering a small propor-
tion of the earth's surface, coastal marsh and mangrove ecosystems
play an important role in global C cycling (Bouillon et al., 2008;
Donato et al., 2011; Lu et al., 2017; Lugo & Snedaker, 1974; Mcleod
et al., 2011). These ecosystems have high rates of C accumulation
and burial, slow decomposition rates, and a relatively high frac-
tion of biomass belowground. Autotrophic R (a large proportion of
which is leaf R) is a major component of the coastal wetland C cycle,
accounting for an estimated ~50% of GPP in marsh and mangrove
ecosystems (Alongi, 2020). However, direct measures of leaf R or its
temperature sensitivity over space and time are relatively rare for
marsh and mangrove species. Only a handful of studies have quan-
tified temperature acclimation of leaf R in mangrove species (see
Akaji et al., 2019; Aspinwall et al., 2021) and none have examined
temperature acclimation in marsh grasses. As a result, the extent
to which temperature acclimation of R leads toward homeostasis
of realized (in situ) R over space and time in coastal wetland plants

remains unclear.
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Studies that examine the patterns of temperature acclimation
of leaf R over space and time may provide insight into spatial and
temporal variability in photosynthetic capacity. Respiration plays
an important role in several processes that influence photosyn-
thesis including nitrate reduction, phloem loading and turnover of
phospholipid membranes and proteins. Rubisco accounts for a large
fraction of leaf protein in C; plants (Aspinwall et al., 2019; Evans,
1989; Hikosaka & Shigeno, 2009) and respiratory-driven turnover of
Rubisco is important for maintaining photosynthetic capacity under
natural conditions. This likely explains why leaf R and maximum rates

of Rubisco carboxylation (V___ ) (both measured at 25°C) are posi-

cmax
tively related across a wide range of C, species (Atkin et al., 2015;
O'Leary et al., 2019; Wright et al., 2004). Recent analyses also sup-
port the theory that temperature acclimation of leaf R helps maintain
“optimal” photosynthetic capacity in C, species (Wang et al., 2020).
Leaf R data are limited for C, species (Atkin et al., 2015) such that
broadscale photosynthesis-respiration relationships are unclear
across C, species, although similar coupling of R and photosynthesis
is expected.

The coupling of photosynthetic and respiratory capacity may be
related to total leaf N, which represents total photosynthetic and
respiratory enzyme content. Indeed, across C, species, leaf N scales
and R at 25°C (Atkin et al., 2015; Reich
etal.,, 2008; Walker et al., 2014). In C, species, positive relationships

positively with both V-
between leaf N and net photosynthesis have also been observed
(Ghannoum et al., 2005), although leaf N-leaf R relationships have
not been widely explored. Similar coupling of leaf N, V., and R
across changing growth temperatures is sometimes observed within
C, species growing at individual sites (Crous et al., 2017; Lee et al.,
2005; Tjoelker et al., 1999). Thus, changes in leaf N may also partly
explain coordinated temperature acclimation of leaf R and photo-
synthetic capacity (Wang et al., 2020). For these reasons, many land
surface models predict functional-type specific rates of R using ei-
ther leaf N on an area or mass basis or estimates of V. at 25°C
(Fisher et al., 2014; Lawrence et al., 2019).

Inthis study, we repeatedly measured the short-term temperature
responses of leaf R over a 10-month period in a C; mangrove species
(Avicennia germinans) and C, marsh grass species (Spartina alterni-
flora) grown in situ under ambient temperatures and experimental
warming at two spatially separated sites in a marsh-mangrove eco-
tone on the Atlantic coast of Florida (USA). The ecotone represents
a transitional zone where the southern part of temperate salt marsh
habitat converges with the northern limit of tropical mangrove hab-
itat. From each short-term temperature response measurement, we
estimated R at 25°C (R%°) and the short-term temperature sensitivity
of leaf R (Q,,). We also used individual short-term temperature re-
sponse measurements to estimate realized (in situ) R at prevailing air
temperatures. We determined leaf N on a subset of leaves collected
at both sites, in both treatments, on different measurement dates.
For each species, we hypothesized that R?> and the short-term Qo
of R would decrease with experimental warming and as seasonal
air temperatures increased. Importantly, we expected that the de-
cline in R?® and the short-term Qo of R with increasing seasonal
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temperatures would be equivalent in plants growing under ambient
and warmed temperatures at both sites, demonstrating convergent
temperature acclimation of R. However, given that C, species may
show lower capacity for temperature acclimation than C; species
(Yamori et al., 2014), we hypothesized that acclimation responses
would be greater in Avicennia than in Spartina. In turn, we expected
greater homeostasis of realized R across a range of prevailing growth
temperatures in Avicennia than in Spartina. Finally, for each species,
we hypothesized that leaf N concentrations would scale positively
with R? over time and across sites and treatments, providing an ex-

planation for convergent temperature acclimation of R.

2 | MATERIALS AND METHODS

2.1 | Study sites and experimental design

This study took place at two sites in the Guana Tolomato Matanzas
National Estuarine Research Reserve (GTMNERR) on the Atlantic
coast of Florida, near St. Augustine. The estuarine vegetation in
GTMNERR represents a marsh-mangrove ecotone. The southern
part of salt marsh habitat converges and overlaps with the northern
limit of mangrove habitat in Florida, although mangroves are increas-
ingly common north of GTMNERR (Dix et al., 2021). The north site
(NS) was located roughly 14 km north of St. Augustine along the
Tolomato River near the northern edge of GTMNERR (30°00'41.9"N,
81°20'39.2"W). The south site (SS) was located roughly 20 km south
of St. Augustine (34 km to the south of NS) and just north of the
Matanzas Inlet (29°43'38.3"N, 81°14'25.0"W). NS and SS have simi-
lar elevations, and average annual precipitation at the GTMNERR re-
serve is 1317 mm (Chapman et al., 2021). Mean annual temperature
(2001-2018) at St. Augustine is 20.8°C. The highest monthly mean
daily max temperature (July) is 32.0°C, and the lowest monthly mean
daily low temperature (January) is 11.1°C (NOAA-NCDC). Spartina
alterniflora (smooth cordgrass) and A. germinans (black mangrove) are
common at both sites although Avicennia trees are generally larger
and more abundant at SS. Spartina is a C, grass (PEP-CK subtype)
that dominates temperate estuaries along the east coast of North
America and warm-temperate estuaries in the Gulf of Mexico and
northern Florida (Lugo et al., 1999). Avicennia is a broadly distrib-
uted mangrove species native to warm-temperate, subtropical, and
tropical regions of the Americas and Africa. On the Atlantic coast,
its distribution stretches from North Florida to southern Brazil. All
mangroves selected for this study ranged from 4 to 11 years old in
2018 with an average age of 7.4 and 7.2 years at SS and NS, respec-
tively (Chapman et al., 2021).

The study included six replicates of four treatment plots at
each site. The four treatments were: Avicennia ambient, Avicennia
warmed, Spartina ambient, and Spartina warmed (Chapman
et al., 2021). Treatment plots were randomly positioned within
a 1-ha area at each site. The warmed plots were enclosed in
1.5 m x 1.5 m x 1.5 m chambers, framed with PVC and wrapped
in 6 mil polyethylene greenhouse film (Greenhouse Megastore)
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that transmits ~90% of photosynthetically active radiation. The
chamber top was left open to allow for air circulation (mixing) and
natural rainfall. The chambers “trap” radiation causing the cham-
ber air to passively warm. Consequently, only daytime warming is
achieved using this design with minimal warming occurring during
cloudy weather, when radiation is limited, or at night. However, un-
like infrared heaters, chambers warm air temperatures rather than
canopy surface temperatures (e.g., De Boeck et al., 2012; Smith
et al., 2020) and do not inhibit dew formation (Feng et al., 2021).
In the event of a tropical storm, we removed the polyethylene
film from the PVC frames so that chambers would not become
airborne. At each site, air temperature (T.

a
(RH) were measured every 30 min in the center of two ambient

) and relative humidity

and warmed treatment plots per species using an air temperature/
RH sensor covered in a solar radiation shield (HOBO MX2302
External Temperature/RH Sensor; Onset Computer Corp.).

Daily maximum, mean, and minimum T_., RH, and vapor pres-

air
sure deficit at both sites and treatments (averaged across spe-
cies) are shown in Figure S1. Averaged over time, mean daily T,
was 0.63 and 0.66°C higher in warmed plots than in the ambient
plots at NS and SS (Figure S2a,c), respectively (NS ambient mean
daily T, = 22.8 + 5.1 [standard deviation] °C, NS warmed mean
daily T,;, = 23.5 + 5.3; SS ambient mean daily T,; = 22.9 + 5.1°C, SS
warmed mean daily T, = 23.6 + 5.4°C). Daily maximum T, was on
average 3.1 and 3.2°C higher in the warmed plots than in the ambi-
ent plots at NS and SS (Figure S2b,d), respectively (NS ambient daily
max T, = 28.1 + 5.2°C, NS warmed mean daily T, = 31.2 + 5.8°C;
SS ambient daily max T, = 27.5 + 5.2°C, SS warmed daily max
T, = 30.7 £ 5.8°C). Warming of this magnitude (1-3°C) is expected
by 2050 throughout the southeast United States (Ashfaq et al.,
2016). Daily mean RH was similar between treatments and sites and
averaged 83.1 + 7.1% and 85.3 + 8.4% at NS and SS, respectively
(Figure S1b,e). Daily mean VPD was generally <1 at both sites, with
only small differences in VPD between warmed and ambient treat-
ment plots (Figure Sic,f).

2.2 | Temperature response of leaf respiration

Measurements of the short-term temperature response of leaf
dark respiration (R) were conducted at six time points (October,
December, February, April, June, and July) over a 10-month pe-
riod. Each measurement campaign was split over a maximum of
2 days at each site (4 days total). On each measurement day, we
collected two entire recent and fully developed upper canopy
leaves from each Spartina plot and three recent and fully devel-
oped upper canopy leaves from each Avicennia plot. Spartina
leaves were excised ~2 cm distal to the ligule. Leaves were col-
lected predawn (04:30-06:00 local time) to avoid the activation
of photosynthesis. The excised leaves were placed in Ziplock bags
with moist paper and transferred to the laboratory in complete
darkness. Previous studies have found no effect of leaf removal
on R measurements (Aspinwall et al., 2017, 2019; O'Sullivan et al.,

2013). All measurements were completed the same day as leaf col-
lection. We found no evidence that R changed with time since leaf
removal; rates of R at 20°C did not vary with time of day in either
species. Leaf area (cm?) of the measured leaves was determined
with a leaf area meter (LI-3000C; LI-COR BioSciences) just prior
to measurements of R. Leaf area data were used to calculate R per
unit area (R, ,, pmol m2s).

Short-term temperature response curves of R were completed
by sealing all excised leaves inside a large gas-exchange chamber
(3010-GWK1; Heinz Walz GmbH) connected to a portable infra-
red gas analyzer (LI-6400XT; LiCor Inc.). The large gas-exchange
chamber was set at 20°C, while the flow rate and reference CO,
(controlled by the infrared gas-analyzer) were set at 500 mol s™ and
410 umol mol™, respectively. T .. ON the abaxial surface of the leaf
was continuously measured with a small-gauge copper constantan
thermocouple wire attached to a LI-6400XT external thermocou-
ple adaptor (LI6400-13). To facilitate measurements of R, the air-
flow from the chamber was connected to the “sample” gas line of
the LI-6400XT fitted with an empty and closed 2 x 3 cm cuvette.
The incoming air was dried before entering the 3010-GWK1 cham-
ber by routing the incoming air through the LI-6400XT desiccant
column. Once rates of R reached steady state at 20°C (~5 min), the
chamber temperature was increased from 20 to 40°C at a rate of
1°C per minute using the chamber software (GFS-Win; Heinz Walz
and T,

GmbH) while continuously (30 s interval) measuring R, eaf

Each short-term temperature response measurement took approx-
imately 25 min to complete. After temperature response measure-
ments were completed, leaves were dried at 70°C for ~72 h after
which leaf dry mass was determined and leaf dry mass per unit area
e MOl g 71571
x1000) by LMA. All individual short-

term temperature response curves of R, and R

(LMA, g m?) was calculated. Leaf R per unit mass (R
was calculated by dividing R, ., (
are shown in
Figures S3 and S4. Each individual measurement leaf was ground
into a fine powder with a ball mill and dried at 105°C for ~16 h, stored

under desiccation, and leaf N per unit mass (N % or g N kg™?) was

mass’
determined using a combustion elemental analyzer (Rapid MAX N;
Elementar Americas Inc.). Leaf N per unit area (N,.., g N m~2) was

calculated as the product of %N and LMA.

2.3 | Modeling the temperature response of
respiration

Nonlinear regression was used to model the temperature response of
leaf R (area and mass basis). Nonlinear models were fit using Rstudio
(Rv.3.6.1, Rstudio v.1.2.1335; R Core Team, 2013). We compared the
suitability of three algorithms: (1) a polynomial function, which de-
scribes the nonlinear relationship between In-transformed R and T,
(Heskel et al., 2016; Patterson et al., 2018), (2) an exponential func-
tion with a single Q, value (Ryan, 1991), and (3) a modified Arrhenius
function (Lloyd & Taylor, 1994). The polynomial function is written as:

InR=a+bT +cT? (1)
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or
R = gd +bT +cT? (2)

where Tis T and a is an estimate of In R at 0°C, b is the slope of

lea
temperature response of In R at 0°C, and ¢ describes any nonlinearity
The differ-

ential of Equation 2 can be used to estimate the Q,yof Ratany T

in the temperature response of In R with increasing T .

Ieaf:

QlO — elO X (b+ 2CT)' (3)

The polynomial function (Equation 1) provided the best fit to our
data (all R? > 0.98, all p < .0001), with a strong linear relationship be-
tween observed and predicted values of InR (R% = .998), and residual
values normally distributed around zero with little pattern associ-

ated with increasing T, _.. Thus, we used the polynomial equation

leaf*
to model the temperature response of R and used coefficients a, b

and R, at 25°C (R23_ R2 ), and the Q,, of

area mass area’ mass
R at 25°C (Q}2) for each leaf. Mean (+ standard error) values of a, b,

and c to estimate R

and c for each species, time point, site, and treatment are provided
in Tables S1 and S2.

To determine how seasonal changes in the short-term tem-
perature response of R (i.e., seasonal temperature acclimation)
influenced realized rates of R in both species, we used parame-
ters a, b, and ¢ (Equations 1 and 2) from individual temperature
response curves to estimate realized (in situ) R (area and mass
basis) at the prevailing mean daily T,,, when sampling took place.
We separated the data by species, site, and treatment and deter-
mined the long-term temperature sensitivity of realized R using
an exponential function (Ryan, 1991) that estimates the Q,, of R
(constant across the measurement temperature range) and R at a
reference temperature of 18°C (R,) which is near the lowest mean
daily T, across sites and treatments. For each species, we com-
pared Q,, and R, estimates between sites and treatments by cal-
culating 95% confidence intervals (standard error x 1.96). When
confidence intervals for Q,, and R4 did not overlap between sites
or treatments, we fit separate temperature response functions
for each site or treatment. If confidence intervals overlapped,
suggesting that parameters were not different between sites or
treatments, we fit a single temperature response function across
all data.

We also quantified the degree of respiratory homeostasis across
seasons by calculating a temperature acclimation ratio for each mea-
surement date following Slot and Kitajima (2015): Acclim, . ., =R at

lowest mean daily T_;.

/R at mean daily T,;. The numerator is individ-
ual estimates of in situ R at the coolest time point (i.e., lowest mean
daily T

4 held constant), and the denominator is individual estimates
of in situ R, for the same treatment plot, estimated at each time
point warmer than the coolest time point. Ratios were calculated
separately for each species, site, and treatment. Ratios >1 indicate
temperature acclimation resulting in “overcompensation,” ratios = 1
indicate temperature acclimation resulting in complete homeostasis,
and ratios <1 indicate temperature acclimation resulting in partial

homeostasis (Slot & Kitajima, 2015). Ratios were plotted against the

ST v -

change in prevailing mean daily T

4ir ACrOSs seasons to assess changes

respiratory homeostasis with increasing seasonal temperatures.

2.4 | Data analysis

All analyses were performed using Rstudio (R v.3.6.1, Rstudio
v.1.2.1335; R Core Team, 2013). As a preliminary step, we carried
out variance partitioning to determine the proportion of the over-
all variance in each trait (e.g., Rgfea) explained by different experi-
mental factors (species, measurement dates, site, treatment). The
variance partitioning results indicated that “species” accounted for
most of the trait variance (16%-68%), while other factors generally
explained a much smaller proportion of the variance (0%-7%) (Figure
S5). Therefore, the remainder of the analysis was conducted sepa-
rately for each species.

For each species, we used analysis of variance (ANOVA) to
test the effects of measurement date (i.e., time), temperature
treatment (ambient, warmed), site (NS, SS), and their respective
interactions on R2_ R% Q;‘S’, LMA, N and N

tency, we analyzed predicted values of R%_and RZ __ derived from

For consis-

mass’ area’

our temperature response models rather than observed values at
25°C, although predicted and observed values were nearly iden-
tical given the high resolution of our temperature response data.
Homogeneity of variance for model results were tested using
Levene's and Shapiro-Wilk tests. Data were log or square-root
transformed as necessary.

For each species, analysis of covariance (ANCOVA) was used
to test relationships between R2>_ R25 Q10 LMA, N and N

area’ " 'mass’ <25’ mass’ area

values and mean daily T . of the preceding 7 days and determine

air
whether relationships differed between sites or treatments. If sea-
sonal temperature acclimation of leaf R occurred, we expected neg-

- . . . 25 p25
ative linear relationships between mean daily T, and Rarea, Rmass, or

Q;g. The strength of acclimation is indicated by the slope of this re-
lationship; a more negative slope estimate indicates stronger accli-
mation. In this model, site and treatment were treated as factors and

mean daily T, a covariate. A significant (p < .05) interaction between
mean daily T;. and site or treatment indicated that site or treatment

affected the relationship between mean daily T.

Lir and the response

variable (e.g., Rgfea), and different slope parameters were required for

each site or treatment. If site, treatment, and mean daily T, were
significant (p < .10), with no interactions, equations with different
intercepts for each site or treatment, but a common slope, were fit

to the data. If only mean daily T,

_ir Was significant, one equation de-

scribing the relationship between mean daily T ;. and the response
variable was fit to data from both sites and treatments. ANCOVA

was also used to test whether leaf N (N, N_ ) scales positively

mass’ ' “area

with respiratory capacity (R23_R2% ), and whether site or treatment
changes the relationship between leaf N and respiratory capac-
ity. In addition, ANCOVA was used to test relationships between
Acclim, . (measure of respiratory homeostasis) and the change in

mean daily T,

Lir Over time, and potential modifying effects of site or

treatment.
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3 | RESULTS

3.1 | LeafR,leaf N, and LMA over time, sites, and
temperature treatments

In Avicennia, R%_ R?>  and N

area’ ' "mass’ area

varied over time, but temporal dif-
ferences in these traits depended upon site (significant date x site
interactions, Table 1). Rgfea was higher at NS than at SS in December
2019 (NS: 1.09 + 0.04 pmol m2 s and §5: 0.86 + 0.04 pmol m™2 s7%),
but lower at NS than at SS in July 2020 (NS: 1.05 + 0.04 pmol m2s?t
and SS: 1.30 + 0.04 pmol m™2 s™, Figure 1a). R%__ was also lower
at NS than at SS in July 2020 (NS: 4.36 + 0.36 nmol g'* 57! and
SS: 7.64 + 0.36 nmol g s, Figure 1c). N, e, Was higher at NS
(4.29 + 0.17 g N m™?) than at SS (3.22 + 0.23 g N m™) in October
2019 (Figure 1i). R2> R2> and N,

the remaining time points.

were similar between sites at

Across both sites, warming increased AvicenniaRgfea by

8% (ambient R25_ = 1.05 + 0.02 pmol m™2 s! and warmed

area -

R = 1.14 + 0.02 pmol m™2 s™). However, warming ef-

25
fects on RZ>

teraction, Table 1). Warming did not affect R?®

mass

ean = 4.43 + 0.21 nmol g s™) but increased R?_ by 24%
at SS (ambient R _ = 4.56 + 0.22 nmol g™ s and warmed

R25 =567 +0.23 nmol gt s7}).

mass

differed between sites (treatment x site in-
at NS (m

In Avicennia, Q%g varied over time (Table 1) and was highest in
February and April 2020 (2.25 + 0.05 and 2.26 + 0.05, respec-
tively), and lowest in June 2020 (1.94 + 0.05, Figure 1e). Q;g did not
differ between treatments but differed between sites (Table 1).

29 was lower at NS (2.03 + 0.03) than at SS (2.17 + 0.03). LMA
showed a complex pattern; with variation over time depending
upon both treatment and site (treatment x date x site, Table 1)
(Figure 2g). LMA was highest in warmed plants at NS in July 2020
(272 + 10.4 g m™?) and October 2019 (277 + 10.4 g m™2), and low-
est in ambient plants at SS in July 2020 (168 + 10.4 g m72). N
did not differ between sites or treatments (Table 1), but was 15%
higher in June 2020 (17.1 + 0.60 g N kg™) than in February 2020
(14.9 + 0.60 g N kg™%).

; 25 P25
In Spartina, Rarea, Rmass,

mass

and LMA varied over time, but tempo-
ral variation in these traits depended upon site (i.e., date x site
interaction, Table 1; Figure 2). Although date x site interactions

L 25
were significant for RZ>,

ences between sites occurred on different dates (October 2019,
R2 was higher at SS [1.71 + 0.11 pmol m™2 s7Y] than at NS in

area

February 2020 [1.19 + 0.10 pmol m~2 s} [Figure 1b]). R?5 _was

mass

» Post hoc analysis revealed that differ-

generally higher during winter (December, February) and lower

during summer (June, July) (Figure 1). In December 2019, R2> _

was significantly higher at NS (13.6 + 0.5 nmol g s™) than
at SS (9.9 + 0.5 nmol g™ s7Y). R%

> was similar between sites

across all other dates. LMA showed the opposite seasonal pat-
tern of RZ

season. In February 2020, LMA was significantly lower at NS

lowest in winter and highest during peak growing

(99 + 5.9 g m™) than at SS (128 + 5.9 g m™2). On average, warming

reduced R25__ 6.4% across all time points (Table 1, ambient R _:

10.9 + 0.2 nmol g™t s™* and warmed anissr 10.2 + 0.2 nmol gt s74)
but had no effect on R?>_ or LMA.

area
In Spartina, Q%g was similar across sites and treatments (Table 1)

but varied over time and was higher in February 2020 (1.94 + 0.03)
than in June 2020 (1.77 + 0.03) (Figure 1e). Temporal varia-

tion in N

mass depended upon temperature treatment (significant

date x treatment interaction, Table 2). In February 2020, N ass Was

significantly lower in warmed plants (15.7 + 0.6 g N kg_l) than in
ambient plants (18.3 + 0.6 g N kg™ (Figure 1k). N___ did not differ

area
between dates, treatments, or sites (and no interactions, Table 1)

and averaged (2.04 + 0.08 g N m™).

3.2 | Growth temperature-leaf trait relationships

For Avicennia, ANCOVA results indicated that the response of R2>

area
and R25__to mean daily T.

mass air

action, Table 2). At NS, R2>_and RZ__ showed no clear relationship

with mean daily T,. (Figure 2a,c). At SS,R?>_and RZ>__both increased

air area mass

(Figure 2a,c; Table S3). In agreement

differed between sites (T . x site inter-

air

with increasing mean daily T ;.

with our ANOVA results, we found that warming generally increased

R% and R%

- & . in Avicennia (Figure 2a,c). These results provide no

evidence for temperature acclimation of respiratory capacity (Type
Il acclimation) in Avicennia growing at the species northern range

limit. However, Q;g decreased as mean daily T increased (Table 2;

air
Figure 2e), indicating Type | temperature acclimation. This acclima-
tion response was consistent across treatments and sites, although
the intercept of the relationship was lower at NS than at SS (Table 2;
Figure 2e; Table S3).

In Avicennia, LMA decreased as mean daily T, increased, but
the slope of the relationship differed between sites (T, X site in-
teraction, Table 2; Table S3). LMA decreased faster with increasing
T,;. at SS than at NS (Figure 2g; Table S3). Similar to our ANOVA
results, warming effects on LMA differed between sites (treat-
ment x site interaction, Table 2). Warming did not change LMA
at NS but reduced LMA at SS. Lastly, N
Tair
(Table 2; Figure 2i).

Spartina showed clear evidence of Type Il and Type | temperature

mass increased as mean

increased and did so consistently across treatments and sites

acclimation of R across seasons, which was consistent across treat-
ments and sites. Specifically, R2>
daily T;;

SS (Table 2; Figure 2d; Table S3). This relationship accounts for in-
creasing LMA with T,

air

decreased with increasing mean
the intercept of the relationship was higher at NS than at

(Figure 2h). Q;g also decreased with increasing
mean daily T, and did so consistently across sites and treatments
(Figure 2f; Table S3). N

the declinein N

declined with increasing T,

although

mass
with increasing T, differed between treatments

(T, % treatment interaction, Table 2; Figure 2j). Across sites, warm-

ing reduced the intercept and slope of the relationship between T,
and N (Figure 2j; Table S3). N

mass

mean daily T

rea ShOowed no relationship with

in either species.
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Avicennia germinans Spartina alterniflora FIGURE 1 Mean values (+standard
error, n = 6) for several leaf traits over
time in Avicennia germinans and Spartina
alterniflora growing at two sites in

North Florida (North, South) under two
temperature treatments (ambient and
warmed). Variable descriptions: RZ leaf
respiration per unit area at 25°C (panels

N a, b); RZ__ leaf respiration per unit mass
— N I at 25°C (panels c, d); Q;g, the temperature
sensitivity of R estimated at 25°C (panels
e, f); LMA, leaf mass per unit area (panels
g, h); N,,.,, leaf N per unit area (panels
i,jh N leaf N per unit mass (panels

k, 1)

= (a) —o— North Site —e— Ambient
lw 2.0 7 -e- South Site —e— Warmed
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FIGURE 2 The relationship

between thermal history (mean daily air
temperature (T, ) of preceding 7 days)

and leaf physiological traits for Avicennia
germinans and Spartina alterniflora growing
at two sites in North Florida (North,
South) under two temperature treatments
(ambient and warmed). Variable
descriptions: R?°_ leaf respiration per

area’
unit area at 25°C (panels a, b); R% __, leaf

respiration per unit mass at 25°Ea€;anels
¢, d); QJ%, the temperature sensitivity of

R estimated at 25°C (panels g, f); LMA,
leaf mass per unit area (panels g, h); N, .,
leaf N per unit area (panelsi, j); N, ., leaf
N per unit mass (panels k, I). Gray solid
lines signify a common relationship across
sites and treatments. Black solid and
dashed lines signify different relationships
between sites. Red and blue lines signify
different relationships between treatments
that are consistent across sites. Intercept
and slope parameters for the relationships

are provided in Table S3)

010 25 Rimass? (anI 9“1 541) Rarea?s (}J,ITIO| mAZ 541)
= N N w - = N} o = = N N I
® [N} o o o EN ® N =) [} o o o =} 3 o
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N
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Narea (g N mAZ)
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N o

Nmass (g N k941)
s
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@ ] e
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(c) ()

(0] 16)
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// _
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Mean daily T (°C)
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TABLE 2 Analysis of covariance results (F-values) testing the relationship between mean daily air temperature (T,;) of the preceding
7 days and leaf traits for Spartina alterniflora and Avicennia germinans and the influence of site and temperature treatment. F-values with “*”

" and “***” are significant at p < .05, p < .01, and p < .001, respectively

Species Source of variance R2 R2S Q2 LMA Npass N, e

Avicennia T 6.23* 26.38*** 20.81*** 44.62*** 5.80* 0.16

germinans Treatment (T) 6.85** 4.94 0.13 0.98 0.76 0.12
Site (S) 0.24 6.90** 23.80*** 23.26*** 0.42 9.04**

T, xT 0.72 0.04 0.14 0.19 0.50 2.84

T, xS 18.19*** 25.24*** 0.64 12.08*** 0.34 0.03

TxS 1.44 3.89 0.22 4.62* 0.23 2.84

T, xXTxS$ 0.23 0.76 0.35 2.10 0.16 0.01

Spartina alterniflora T, 1.07 86.88*** 14.52*** 59.77*** 34.93*** 0.63

Treatment (T) 1.59 3.02 217 0.08 0.06 0.01

Site (S) 0.39 6.18* 1.51 0.51 211 1.05

T, xT 1.06 3.23 2.38 0.05 12.74*** 3.65

T, xS 0.36 2.98 1.69 3.17 0.42 3.31

TxS 0.11 1.71 1.75 0.43 0.01 0.59

T, xTxS$S 1.24 0.31 1.06 0.50 0.37 0.95

Variable descriptions: R2> | leaf respiration per unit area at 25°C; R%

area’ mass’
at 25°C; LMA, leaf mass per unit area; N leaf N per unit area; N

area’ mass’

3.3 | Realized temperature response of R and
degree of respiratory homeostasis

In Avicennia, the realized Q,, of R which reflects the long-term ac-

area’
climated temperature response of R, differed between sites and was
2.01 + 0.09 at NS and 3.12 + 0.24 at SS (Figure 3a). The realized Q,
of R, also differed between sites and was 2.25 + 0.15 at NS and
5.14 + 0.84 at SS (Figure 3). Realized Q,, values did not differ between
treatments at either site. These realized Q,, values are similar or
higher than Q;g estimates (Figure 1). Thus, weak temperature acclima-
tion of R in Avicennia resulted in little dampening of the temperature
sensitivity of realized R. Furthermore, the temperature acclimation
ratio Acclim, ., which describes the degree of respiratory homeo-
stasis, declined as seasonal temperatures increased indicating a re-
duction in respiratory homeostasis with larger increases in mean daily
T (Figure 4a,c). The decline in Acclim, .., calculated using in situ

and R

rea mass» Was consistent across treatments but was

more pronounced at SS (R, slope = -0.08 and R slope = -0.09)

than at NS (R, slope = -0.05and R, slope = -0.06; Figure 4a,c).
In Spartina, the realized Q,, of R, ., and R .. was 1.79 + 0.09

and 1.34 + 0.05, respectively, and was consistent across sites and

estimates of R

mass

mass

treatments (Figure 3b,d). These realized Q,, values are lower (roughly
-10% to -30%) than Q}2 estimates, reflecting a dampening of the
long-term temperature sensitivity of R resulting from both Type Il
and Type | temperature acclimation. Acclim, . declined as the

change in mean daily T,; increased and did so consistently across

sites (R slope = -0.06, R slope = -0.03; Figure 4b,d). When

area mass

Acclim, .. was calculated using in situ estimates of R the decline

mass’

in Acclim, . withincreasing temperature was lower in Spartina than
in Avicennia (Figure 4c,d). The intercept of the relationship between

Acclim, ... and the change in mean daily T, was higher at NS (R

ir area

leaf respiration per unit mass at 25°C; Q
leaf N per unit mass.

10

o5 the temperature sensitivity of leaf R

intercept = 1.17 and R, intercept = 1.09) than at SS (R, inter-
cept = 1.06, R intercept = 0.97; Figure 4b,d). We conclude that

Spartina showed stronger temperature acclimation of R and main-

mass

tained greater homeostasis of realized R than Avicennia.

3.4 | Leaf N-Rrelationships

We found that leaf N scaled positively with respiratory capacity in
both species. However, in some cases, relationships between leaf N
and respiratory capacity depended upon treatment or site (Table 3).
In Avicennia, R2> increased with N, .. at SS but not at NS, and R2>
at a given N, ., was higher under warming than ambient conditions
(Table 3; Figure 5a). N, and RZ__scaled positively although the
intercept was lower at NS than at SS (Table 3; Figure 5c; Table S4).
Overall, N, ..

plained 53% of the variation in R25 _

explained 25% of the variation in Rgfea,
(Table S4).
In Spartina, the slope of the N, ,-R2> _relationship was slightly
lower at NS than at SS (Table 3; Figure 5b; Table S4). The positive re-
lationship between N . and R2msass was consistent across treatments
and sites (Table 3; Figure 5d; Table S4). N___ explained 74% of the
explained 51% of the variation in R%

. pos .
variation in R2> | while N, > s

while N, . ex-

area

(Table S4). Although temperature acclimation of R differed between
Avicennia and Spartina, changes in leaf N explained temperature ac-
climation patterns in both species.

4 | DISCUSSION

We set out to test whether two contrasting coastal wetland spe-
cies (A. germinans and S. alterniflora), individually, show the patterns
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FIGURE 3 The (long-term) response of in situ rates of leaf R (area and mass basis, R

(T

air’

R___) to prevailing mean daily air temperature

area’ " ‘mass

) in Avicennia germinans and Spartina alterniflora growing at two sites in North Florida (North, South) under two temperature treatments

(ambient and warmed). An exponential function that estimates the Q,, of R and R at a reference temperature of 18°C (R, ¢) was fit to the
data. For each species, we compared Q,, estimates and R, 4 between sites and treatments by calculating 95% confidence intervals (standard
error x 1.96) of the parameter estimates. When confidence intervals for Q,, and R, did not overlap between sites or treatments, we fit
separate temperature response functions for each site (solid and dashed lines) or treatment (blue and red lines). If confidence intervals of
parameter estimates overlapped, suggesting that parameters were not different between sites or treatments, we fit a single temperature

response function across all data (gray lines)

of temperature acclimation of leaf R that are equivalent across sea-
sons, current and warmed climates, and spatially separated sites.

In Avicennia, we found that R2>_ and R25

2 - s showed no relationship

at the north site, increased with T, at the south

with prevailing T,
site, and generally increased with experimental warming across both
sites. Thus, Avicennia showed no evidence for convergent tempera-
ture acclimation of respiratory capacity. Even so, Qég decreased as
seasonal temperatures increased and did so consistently across sites

and treatments. In Spartina, RZ

10 ;
- and Q, both declined as seasonal

5

temperatures increased. This pattern of seasonal temperature ac-
climation was largely consistent across sites and treatments sup-
porting our expectation of convergent temperature acclimation.
However, our results did not support our hypothesis that tempera-
ture acclimation of R would be weaker in Spartina (a C, species) than
in Avicennia (a C, species). Species differences in temperature ac-
climation resulted in different degrees of respiratory homeostasis
across seasons and treatments, with implications for climate warm-
ing impacts on coastal wetland CO, fluxes. We conclude that co-

occurring species may show contrasting patterns of temperature

acclimation. Although temperature acclimation patterns differed be-
tween these two dominant coastal wetland plant species, we found
that leaf N scaled positively with leaf R in both species, providing
an explanation for contrasting patterns of respiratory temperature
acclimation that may also inform predictions of temporal or spatial
variability in leaf R in coastal wetlands.

There are several possible explanations for the lack of strong
temperature acclimation in Avicennia. Coastal wetlands are dynamic
systems where water levels (i.e., tides) and salinity vary diurnally and
seasonally. Salinity depends on proximity to the ocean and freshwa-
ter inputs, seasonality of precipitation, and evaporation rates which
change with temperature. In our experiment, the southern site
(SS) was near an inlet and thus closer to the open ocean while the
northern site (NS) was further from the ocean and closer to fresh-
water inputs. As a result, salinity tends to be higher at SS than at NS
(Chapman et al., 2021). Previous work at SS has also indicated that
salinity can be very high during summer (up to 60 ppt) and lower
during winter (48 ppt) (Dangremond et al., 2020). Previous studies
have found small increases in R with increasing salinity, presumably
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FIGURE 4 The relationship between the ratio describing the degree of respiratory homeostasis over time (Acclim, . ., = R at lowest

mean daily T; /R at mean daily T,

air’

) and the degree of seasonal temperature change (AT, = mean daily T,

-lowest mean daily T.

air) for

air air

Avicennia germinans and Spartina alterniflora growing at two sites in North Florida (North, South) under two temperature treatments
(blue = Ambient, red = Warmed). Acclim, ., ratios >1 indicate temperature acclimation resulting in overcompensation (R at high T, > R

atlow T,

air

), ratios = 1 indicate temperature acclimation resulting in complete homeostasis, and ratios <1 indicate temperature acclimation

resulting in partial homeostasis. Ratios are shown on an area basis (panels a,b) and mass basis (panels c,d). When the intercept or slope
of the relationship between Acclim, .. and AT, differed between sites, we fit separate lines for each site (solid versus dashed line).
Within each panel, the extent to which AT, site, treatment, or their interactions explained variation in Acclim, . is denoted by asterisks:

* p<.05;** p<.01;*** p<.001

due to costs associated with maintaining cellular ion gradients
(Aspinwall et al., 2021; Lopez-Hoffman et al., 2007). Thus, the com-
bination of warmer growth temperatures and higher salinity might

explain why R increased with T,

at SS, and why temperature accli-
mation appeared constrained.

However, averaged across sites, Avicennia also increased re-
spiratory capacity in response to experimental warming, suggest-
ing that salinity alone is unlikely to explain the increase in R with
warmer growth temperatures. Instead, coordination between R
and photosynthetic capacity might explain the positive relation-
ship between growth temperature and respiratory capacity in
Avicennia. Importantly, we found that variation in respiratory ca-
pacity (e.g., Rﬁgss) over time and across sites and treatments was
largely explained by changes in leaf N concentrations. The cou-
pling of leaf N and respiratory capacity could represent enzyme
limitation of respiratory capacity (Ryan et al., 1996). However,

leaf N and Rubisco carboxylation (V___ ) show a general positive

cmax

relationship across C; species given that a large fraction of N is
allocated to Rubisco. A new theory also indicates that tempera-
ture acclimation of R is consistent with maintenance of “optimal”
photosynthetic capacity, where respiratory capacity increases
to support processes that maintain photosynthesis (Wang et al.,
2020). We hypothesize that respiratory capacity increased with
temperature in Avicennia due to concomitant changes in photo-
synthetic capacity, which were reflected in changes in leaf N. If
true, Avicennia responded to increasing growth temperature by
also increasing photosynthetic capacity; a response which is not
necessarily consistent with studies of photosynthetic tempera-
ture acclimation over space and time (Ali et al., 2015; Way & Sage,
2008; Way & Yamori, 2014).

Temporal patterns in leaf R and leaf N in Avicennia may have also
been influenced by nutrient availability, which could vary with air
and soil temperature. Warmer soil and water temperatures during
summer may speed up decomposition and N mineralization (Gao
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et al., 2014; Kirwan & Blum, 2011), which could increase N avail-

ability and potentially result in higher leaf N concentrations. Results

TABLE 3 Analysis of covariance results (F-values) testing
relationships between leaf nitrogen concentrations (area and mass
basis; N, .., N,,.s) and leaf respiration at 25°C (area and mass
basis, RZ2._ R2> ) in Avicennia germinans and Spartina alterniflora.

F-values with “*,” “** and “***” are significant at p < .05, p < .01, and
p < .001, respectively

Spartina
Source of variance Avicennia germinans  alterniflora
Response variable = R2>
N, ea 5.77* 154.20***
Treatment (T) 4.18* 2.59
Site (S) 0.17 0.00
Noea X T 0.02 0.21
N,ea XS 7.54** 5.41*
TxS 1.37 2.06
Noea X T XS 0.30 0.20
Response variable =R2> _
Nooes 50.73** 51.25%*
Treatment (T) 3.47 3.10
Site (S) 4.51* 0.82
Niaes X T 0.36 0.03
Niaes X S 3.24 0.82
TxS 3.47 3.46
N, xXTxS 0.63 0.41

mass

FIGURE 5 The relationship between

Avicenniagerminans

S iy

from a fertilization experiment near our SS have demonstrated
that higher N availability leads to higher leaf N concentrations in
Avicennia (Dangremond et al., 2020; Simpson et al., 2013). Although
seasonal changes in N availability were not quantified in our study,
we found that leaf N concentrations increased in Avicennia with pre-
vailing air temperature across both sites. Therefore, higher N avail-
ability during warmer time periods may have resulted in higher leaf
N, greater photosynthetic capacity, and coordinated increases in re-
spiratory capacity in Avicennia (Wang et al., 2020).

Although respiratory capacity increased with growth temperature
in Avicennia, indicating no Type Il temperature acclimation, we ob-

served a decline in the short-term Q,, of R as prevailing T, increased

air
across seasons (i.e., Type | acclimation, Atkin & Tjoelker, 2003; Slot
& Kitajima, 2015). This acclimation response is less common but has
been observed in several studies (Atkin et al., 2000; Ow et al., 2010;
Zaragoza-Castells et al., 2007). Mechanisms of Type | acclimation are
unclear although regulatory changes in respiratory enzymes could be
involved (Atkin et al., 2005; Kruse et al., 2011, 2020). Other studies
have identified positive relationships between soluble sugars and the
QoofR (Azcon-Bieto et al., 1983; Ow et al., 2010) which could reflect
substrate limitation of the maximum catalytic enzyme activity (Atkin &
Tjoelker, 2003). It is possible that high respiratory demand during sum-
mer may have reduced soluble sugar concentrations which in turn re-
duced maximum catalytic activity and the temperature sensitivity of R.

The complexity of C, photosynthesis has been hypothesized
to come at the cost of reduced phenotypic plasticity or lower tem-
perature acclimation capacity in C, plants (Sage & McKown, 2006;
Yamori et al., 2014). Yet, experimental work has found no clear
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differences in temperature acclimation responses between C; and
C, plant species (Smith & Dukes, 2017). We tested the hypothesis
that Spartina would show weaker temperature acclimation than
Avicennia and found no support for this expectation. In fact, we

found that Spartina reduced R%

o and the short-term Q,, of R as

growth temperatures increased (Type Il acclimation and Type | ac-
climation) over time and across sites and treatments while Avicennia
generally showed increased respiratory capacity with temperature.
The temperature acclimation results in Spartina are similar to results
from other studies with tree species representing different biomes
(Aspinwall et al., 2016; Reich et al., 2016). We conclude that Spartina,
a dominant C, marsh grass, showed rather consistent temperature
acclimation of R over space and time, and with climate warming,
which could reduce the temperature sensitivity of CO, fluxes in
marsh-dominated coastal wetlands.

Convergent temperature acclimation in Spartina could be partly
influenced by the modest warming created by our passive warm-
ing chambers. The chambers increased mean daily T, 0.6-0.7°C
and maximum daily T,

(2021) found the chambers increased mean daytime T, 1.6°C. For

~3°C. At the same sites, Chapman et al.,

context, average T, across the contiguous United States has in-
creased 0.7°C since the 1960s, with additional warming of ~1.4°C
expected over the next few decades (USGCRP, 2018). A similar
amount of warming is expected in the southeast United States
(Ashfaq et al., 2016). Therefore, the warming created by the cham-
bers is within the range of warming expected over the next few
decades. Moreover, warming increased respiratory capacity of
Avicennia, indicating that the warming treatment was sufficient to
alter biological processes.

Local adaptation or temperature seasonality across the spe-
cies range could have contributed to differences in temperature
acclimation between species. The location of our experiment is
near the southern (warm) limit of Spartina and the northern (cool)
limit of Avicennia on the Atlantic coast. Both species have shown
evidence of local adaptation and may possess traits that influence
their acclimation capacity (Cook-Patton et al., 2015; Kennedy et al.,
2020; Kirwan et al., 2009; Markley et al., 1982; Osland et al., 2020).
However, robust temperature acclimation in Spartina might be ex-
plained by the relatively high temperature seasonality across the
species range. Weaker temperature acclimation in Avicennia might
be consistent with less temperature seasonality across the species
range. Nonetheless, studies that have compared acclimation re-
sponses among species from more- or less-seasonal climates have
found no clear differences (Reich et al., 2016; Scafaro et al., 2017).
Additional studies would be required to understand the potential in-
fluence of local adaptation or species climatic niche on temperature
acclimation responses in coastal plants.

Repeated measurements of the short-term temperature response
of R provided a powerful approach for examining the consequence
of species differences in temperature acclimation. Using individual
temperature response measurements to estimate realized (in situ) R,

we found that the Q,, of realized R was similar to the short-term Q,,

of R in Avicennia. In Avicennia, we also found that the ratio describing
the degree of respiratory homeostasis (Acclim, ...) declined quickly
with larger increases in growth temperature indicating that Type
| acclimation alone was not sufficient to dampen the temperature
sensitivity of realized R and resulted in reduced homeostasis of R.
In Spartina, the Q,, of realized R was lower than the short-term Q.
Moreover, Acclim, . declined more slowly with larger increases in
T

_ir especially when Acclim, . was calculated using estimates of

insituR Thus, Type Il and Type | acclimation in Spartina resulted

mass*®
in greater homeostasis of R. Our results agree with the synthesis of
Slot and Kitajima (2015), who found that Type Il acclimation results
in greater homeostasis of R than Type | acclimation alone.

Although species differed in temperature acclimation of R, leaf
N explained temporal and spatial variation in respiratory capacity in
both species. Species differences in leaf N and R over time may be
partly related to different nutrient acquisition or investment strat-
egies. For instance, Avicennia is an evergreen species and is known
to be very responsive to N availability (Dangremond et al., 2020;
Simpson et al., 2013). In our study, Avicennia decreased LMA and
increased leaf N as seasonal temperatures increased. Some stud-
ies have shown that Spartina is also responsive to nutrients (e.g.,
Mendelssohn, 1979), although responses are variable among indi-
vidual studies (e.g., Weaver & Armitage, 2020). However, Spartina
exhibits a strong seasonality to leaf development and leaf N con-
centrations; as seasonal temperatures increase LMA increases and
leaf N decreases. These distinct seasonal patterns could explain the
contrasting seasonal responses of respiratory capacity, but the close
coupling of leaf N and R in both species.

More broadly, our results indicate that leaf N may be a useful
predictor of foliar C fluxes in dominant coastal wetland species, just
as leaf N is used to estimate leaf R in land surface models that predict
terrestrial C fluxes over space and time (Atkin et al., 2015; Fisher
et al., 2014; Lawrence et al., 2019). In fact, in our species and across
our sites, leaf N explained more variation in leaf R than prevailing T
We note that coastal wetlands are not well-represented in land sur-
face models due to gaps in our understanding of key processes and
data limitations (Ward et al., 2020). The data presented here could
improve representation and parameterization of CO, exchange be-
tween coastal vegetation and the atmosphere in large-scale models.

Our results indicate that patterns of respiratory temperature
acclimation may differ between co-occurring coastal wetland spe-
cies representing different functional types. Convergent acclimation
responses may be expected in some but not all species. Although
acclimation patterns may differ among species, leaf N may be a use-
ful predictor of respiratory capacity, and ultimately respiratory C
fluxes across a range of growth temperatures. The data presented
here will be particularly useful for improving predictions of C fluxes
from coastal wetlands under current and future climate conditions.
Nonetheless, studies that examine coordination of leaf respiratory
and photosynthetic capacity over temporal and spatial gradients will
provide further insight into aboveground physiological controls of

coastal wetland C cycling.
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