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> 
> # Diverse effects of climate, land use, and insects on dung and carrion decomposition 
> # by Englmeier et al. (2022). Submitted to Ecosystems
> #
> # This document reproduces tables and figures.
> 
> 
> # Packages
> library("mgcv") # version 1.8-36
Loading required package: nlme
This is mgcv 1.8-38. For overview type 'help("mgcv-package")'.
> library("survival") # version 3.2-13
> library("tramME") # version 0.1.2
Loading required package: tram
Loading required package: mlt
Loading required package: basefun
Loading required package: variables

Attaching package: â��mltâ��

The following object is masked from â��package:nlmeâ��:

    coef<-

> library("coxme") # version 2.2-16
Loading required package: bdsmatrix

Attaching package: â��bdsmatrixâ��

The following object is masked from â��package:baseâ��:

    backsolve

> library("parallel") 
> library("sjPlot") # version 2.8.10
Learn more about sjPlot with 'browseVignettes("sjPlot")'.
> library("stargazer") # version 5.2.2

Please cite as: 

 Hlavac, Marek (2018). stargazer: Well-Formatted Regression and Summary Statistics Tables.
 R package version 5.2.2. https://CRAN.R-project.org/package=stargazer 

> 
> 
> 
> # Load data
> 
> ## Carrion data - Overview
> x2 <- read.csv("carrion_supplements2.csv", sep=";", dec=",", fileEncoding="latin1")
> 
> #PlotID:			            Unique study site ID
> #Landscape:		            Landscape type in which study sites were embedded (near-natural, agricultural, urban)
> #Habitat:		              Habitat type in which study sites were established (forest, grassland, arable, settlement)
> #subject:		              rat (carcass with insect access); ratAA (carcass without insect access)
> #Insects:		              1: insect access; 0: no insect access
> #start_day1:		          earliest day of full decomposition (when rat was last seen not fully decomposed)
> #end_day1:		            latest day of full decomposition (when rat was decomposed)
> #comments:		            comments on missing visits/ photos
> #mummified_last_visit:	  1: yes; 0: no
> #transition_6b_to_6:	    transition from mummified stage (6b) to full decomposition (6) happened; 1: yes; 0: no
> #end_stage_6or6b_reached: carrion reached one of the final decomposition stages 1: yes; 0: no
> #average_Temp_DL_exp:	    average local temperature (in Â°C) measured by data logger on each study site during the experiment
> #elevation:		            altitude in meter a.s.l
> #Annual_P_LT:		          mean annual precipitation (30 year average from 1991-2020) in mm; horizontal resolution of 1 km using a nearest source to destination approach 
> #Annual_T2AVG_LT:	        mean annual temperature (30 year average from 1991-2020) in Â°C; horizontal resolution of 1 km using a nearest source to destination appraoch
> #average_Temp_DL:         average local temperature (in Â°C) measured by data logger on each study site during entire field season (April-August)
> 
> 
> 
> 
> ## Dung data - Overview
> wisent <- read.csv("dung_supplements2.csv", sep=";", dec=",")
> 
> #PlotID:			        Unique study site ID
> #Landscape:		        Landscape type in which study sites were embedded (near-natural, agricultural, urban)
> #Habitat:		          Habitat type in which study sites were established (forest, grassland, arable, settlement)
> #Date.start:		      Day of dung exposure
> #Date.end:		        Day of dung collection
> #Duration:		        Days of exposure (start date till end date)
> #Insects:		          Insect access yes/ no
> #start_weight_wet:	  dung start weight in gram
> #start_weight_dry:	  start wet weight converted in dry weight (formula calculated by control samples) measured in gram
> #dung_wet:		        wet weight at the end of the experiment measured in gram
> #dung_dry:		        dry weight at the end of the experiment measured in gram
> #weight_loss:		      difference in dry weight (start-end) measured in gram
> #weight_loss_percent:	difference in dry weight (start-end) in percent 
> #elevation:		        altitude in meter a.s.l
> #average_Temp_DL_exp:	average local temperature (in Â°C) measured by data logger on each study site during the experiment
> #Annual_P_LT:		      mean annual precipitation (30 year average from 1991-2020) in mm; horizontal resolution of 1 km using a nearest source to destination approach 
> #Annual_T2AVG_LT:	    mean annual temperature (30 year average from 1991-2020) in Â°C; horizontal resolution of 1 km using a nearest source to destination appraoch
> #average_Temp_DL:     average local temperature (in Â°C) measured by data logger on each study site during entire field season (April-August)
> 
> 
> ## rescale predictor variables: elevation per 100 m
> x2$elevation100 <- x2$elevation / 100
> wisent$elevation100 <- wisent$elevation / 100
> 
> 
> 
> ## Check for correlation between environmental variables using wisent-data set including all study sites
> 
> # elevation and local temperature (data logger) during field season
> shapiro.test(wisent$elevation)

	Shapiro-Wilk normality test

data:  wisent$elevation
W = 0.95903, p-value = 1.888e-08

> cor.test(wisent$elevation, wisent$average_Temp_DL, method="spearman") 

	Spearman's rank correlation rho

data:  wisent$elevation and wisent$average_Temp_DL
S = 10208142, p-value < 2.2e-16
alternative hypothesis: true rho is not equal to 0
sample estimates:
       rho 
-0.4285563 

Warning message:
In cor.test.default(wisent$elevation, wisent$average_Temp_DL, method = "spearman") :
  Cannot compute exact p-value with ties
>   # --> elevation and average temperature measured by data logger correlate only moderately, hence both are included in models
> 
> 
> # elevation and long-term precipitation
> cor.test(wisent$elevation, wisent$Annual_P_LT, method="spearman") 

	Spearman's rank correlation rho

data:  wisent$elevation and wisent$Annual_P_LT
S = 2007700, p-value < 2.2e-16
alternative hypothesis: true rho is not equal to 0
sample estimates:
      rho 
0.7374547 

Warning message:
In cor.test.default(wisent$elevation, wisent$Annual_P_LT, method = "spearman") :
  Cannot compute exact p-value with ties
> 
> 
> # elevation and long-term temperature
> cor.test(wisent$elevation, wisent$Annual_T2AVG_LT, method="spearman")

	Spearman's rank correlation rho

data:  wisent$elevation and wisent$Annual_T2AVG_LT
S = 14059853, p-value < 2.2e-16
alternative hypothesis: true rho is not equal to 0
sample estimates:
       rho 
-0.8385961 

Warning message:
In cor.test.default(wisent$elevation, wisent$Annual_T2AVG_LT, method = "spearman") :
  Cannot compute exact p-value with ties
> 
>   # --> elevation highly correlates with long-term temperature and precipitation and is hence chosen as a surrogate for macroclimate
> 
> 
> 
> ########################################
> ### carrion data preparation for modelling
> 
> x2$end_day1 <- as.numeric(x2$end_day1)
> 
> 
> x2[["Insects"]] <- factor(x2[["Insects"]]) # Insects 1: insect access; Insects 0: no insect access
> x2[["Landscape"]] <- factor(x2[["Landscape"]], 
+                             levels = letters[1:3], 
+                             labels = c("seminatural", "agriculture", "urban"))
> 
> x2[["Habitat"]] <- factor(x2[["Habitat"]], 
+                           levels = letters[1:4], 
+                           labels = c("forest", "meadow", "arable field", "settlement"))
> 
> x2[["PlotID"]] <- factor(x2[["PlotID"]])
> 
> x2[["Status"]] <- x2[["end_stage_6or6b_reached"]] == 1 # 1: reached final decomposition stage 6 or 6b; 0: did not reach final decomp. stage (right-censored)
> 
> 
> 
> # replace end_day1 = 1000 by start_day1 for rats that did not fully decompose; Status = 0
> x2$end_day_gam = x2$end_day1
> x2$end_day_gam[x2$Status == FALSE] = x2$start_day1[x2$Status==FALSE]
> 
> 
> 
> 
> ## generalized additive models for carrion decomposition (family = cox.ph)
> 
> # gam 1) including elevation as a surrogate for macroclimate 
> # gam 2) including long-term temperature and precipitation as a surrogate for macroclimate
> 
> 
> # 1) gam including elevation and local temperature measured by data logger ## 
> gam_rat <- gam(end_day_gam~ Insects + Habitat + Landscape  + average_Temp_DL_exp +s(elevation100) + s(PlotID, bs="re"),
+                family=cox.ph(), data=x2, weights=Status)
> summary(gam_rat)

Family: Cox PH 
Link function: identity 

Formula:
end_day_gam ~ Insects + Habitat + Landscape + average_Temp_DL_exp + 
    s(elevation100) + s(PlotID, bs = "re")

Parametric coefficients:
                     Estimate Std. Error z value Pr(>|z|)    
Insects1               0.5569     0.1475   3.776  0.00016 ***
Habitatmeadow         -0.1621     0.3000  -0.540  0.58892    
Habitatarable field   -0.4991     0.3054  -1.634  0.10217    
Habitatsettlement     -0.5196     0.3575  -1.453  0.14609    
Landscapeagriculture  -0.3306     0.2748  -1.203  0.22889    
Landscapeurban        -0.2093     0.2779  -0.753  0.45150    
average_Temp_DL_exp    0.5610     0.1175   4.777 1.78e-06 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Approximate significance of smooth terms:
                   edf  Ref.df Chi.sq  p-value    
s(elevation100)  1.001   1.001  18.65 1.62e-05 ***
s(PlotID)       80.802 136.000 144.05  < 2e-16 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Deviance explained = 43.5%
-REML = 1128.4  Scale est. = 1         n = 253
> 
> 
> # partial plot gam_rat
> plot(gam_rat, shade=TRUE, cex.lab=1.2, ylab="Partial effect (elevation)", xlab="Elevation [100m]", main="Carrion (decay rate)", cex.main=1.3, select=1, cex.lab=1.2)
> text(2, 3, "B)", cex=1.5)
> 
> 
> # 2) gam including long-term temperature and precipitation as surrogates for macroclimate ##
> gam_rat2 <- gam(end_day_gam~ Insects + Habitat + Landscape  + Annual_T2AVG_LT + Annual_P_LT  + s(PlotID, bs="re"),
+                 family=cox.ph(), data=x2, weights=Status)
> summary(gam_rat2)

Family: Cox PH 
Link function: identity 

Formula:
end_day_gam ~ Insects + Habitat + Landscape + Annual_T2AVG_LT + 
    Annual_P_LT + s(PlotID, bs = "re")

Parametric coefficients:
                       Estimate Std. Error z value Pr(>|z|)    
Insects1              0.5370565  0.1444942   3.717 0.000202 ***
Habitatmeadow        -0.1987257  0.2802554  -0.709 0.478270    
Habitatarable field  -0.1891586  0.2823190  -0.670 0.502847    
Habitatsettlement    -0.2399645  0.3179321  -0.755 0.450389    
Landscapeagriculture  0.0752887  0.2674151   0.282 0.778294    
Landscapeurban        0.0122027  0.2601150   0.047 0.962583    
Annual_T2AVG_LT       0.5283029  0.1539325   3.432 0.000599 ***
Annual_P_LT           0.0036258  0.0005379   6.740 1.58e-11 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Approximate significance of smooth terms:
            edf Ref.df Chi.sq p-value    
s(PlotID) 77.69    140  136.8  <2e-16 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Deviance explained = 41.3%
-REML =   1166  Scale est. = 1         n = 260
> 
> 
> # compare AIC of gam with elevation and gam with long-term weather data to decide for surrogate for macroclimate
> AIC(gam_rat) # elevation as proxy for macroclimate
[1] 2204.708
> AIC(gam_rat2) # long-term temperature + precipitation as proxy for macroclimate
[1] 2276.557
> 
> 
> 
> 
> ## mixed-effect parametric cox regression
> 
> start <- x2$start_day1 # start_day1: earliest potential date of full carrion decomposition
> stop <- x2$end_day1 # end_day1: latest day of full carrion decomposition
> stop[stop == 1000] <- Inf
> x2$time <- with(x2, Surv(time = start, time2 = stop, type = "interval2"))
> 
> rats2 <- x2[, c("PlotID", "time", "Insects", 
+                 "Landscape", "Habitat", "elevation100", "average_Temp_DL_exp", "Annual_T2AVG_LT", "Annual_P_LT")]
> 
> #dump("rats2")
> 
> # parametric cox regression with elevation as surrogate for macroclimate
> cm_elevation <- CoxphME(time ~ Insects + Landscape + Habitat  +  average_Temp_DL_exp + elevation100 +
+                  (1 | PlotID), data = rats2)
> summary(cm_elevation)

Mixed-effects Parametric Cox Regression Model

	Formula: time ~ Insects + Landscape + Habitat + average_Temp_DL_exp + 
    elevation100 + (1 | PlotID)

	Fitted to dataset rats2  

	Fixed effects parameters:
	=========================

                      Estimate Std. Error z value  Pr(>|z|)    
Insects1              1.072449   0.254597  4.2123 2.527e-05 ***
Landscapeagriculture -0.402253   0.444250 -0.9055 0.3652194    
Landscapeurban        0.042627   0.448002  0.0952 0.9241955    
Habitatmeadow        -0.197849   0.476841 -0.4149 0.6782029    
Habitatarable field  -0.910148   0.507656 -1.7928 0.0729982 .  
Habitatsettlement    -0.871007   0.585814 -1.4868 0.1370593    
average_Temp_DL_exp   0.775900   0.227692  3.4077 0.0006552 ***
elevation100          0.532473   0.152603  3.4893 0.0004843 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

	Random effects:
	===============

Grouping factor: PlotID (144 levels)
Standard deviation:
(Intercept) 
     1.7822 


	Log-likelihood: -314.2222 (df = 16)

> cf_elevation <- exp(coef(cm_elevation))
> cbind(cf_elevation, exp(confint(cm_elevation))[names(cf_elevation),])
                     cf_elevation       lwr      upr
Insects1                2.9225267 1.7743738 4.813620
Landscapeagriculture    0.6688116 0.2799994 1.597535
Landscapeurban          1.0435491 0.4336839 2.511033
Habitatmeadow           0.8204936 0.3222460 2.089117
Habitatarable field     0.4024648 0.1488024 1.088544
Habitatsettlement       0.4185299 0.1327641 1.319388
average_Temp_DL_exp     2.1725470 1.3904565 3.394540
elevation100            1.7031382 1.2628564 2.296920
> 
> # parametric cox regression with long-term temperature and precipitation as surrogate for macroclimate
> cm_LT_data <- CoxphME(time ~ Insects + Habitat + Landscape  + Annual_T2AVG_LT + Annual_P_LT +  
+                  (1 | PlotID), data = rats2)
> summary(cm_LT_data)

Mixed-effects Parametric Cox Regression Model

	Formula: time ~ Insects + Habitat + Landscape + Annual_T2AVG_LT + Annual_P_LT + 
    (1 | PlotID)

	Fitted to dataset rats2  

	Fixed effects parameters:
	=========================

                       Estimate Std. Error z value  Pr(>|z|)    
Insects1              1.0030614  0.2526324  3.9704 7.174e-05 ***
Habitatmeadow        -0.2253969  0.4251663 -0.5301  0.596016    
Habitatarable field  -0.3946116  0.4309487 -0.9157  0.359834    
Habitatsettlement    -0.3911255  0.4800622 -0.8147  0.415222    
Landscapeagriculture  0.2084239  0.4065074  0.5127  0.608148    
Landscapeurban        0.3374806  0.4080950  0.8270  0.408256    
Annual_T2AVG_LT       0.7092370  0.2681392  2.6450  0.008168 ** 
Annual_P_LT           0.0056213  0.0013696  4.1043 4.056e-05 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

	Random effects:
	===============

Grouping factor: PlotID (148 levels)
Standard deviation:
(Intercept) 
     1.5467 


	Log-likelihood: -312.6138 (df = 16)

> cf_LT <- exp(coef(cm_LT_data))
> cbind(cf_LT, exp(confint(cm_LT_data))[names(cf_LT),])
                         cf_LT       lwr      upr
Insects1             2.7266162 1.6618161 4.473682
Habitatmeadow        0.7981993 0.3469039 1.836596
Habitatarable field  0.6739418 0.2895997 1.568363
Habitatsettlement    0.6762953 0.2639409 1.732870
Landscapeagriculture 1.2317352 0.5552616 2.732355
Landscapeurban       1.4014124 0.6297888 3.118437
Annual_T2AVG_LT      2.0324400 1.2016478 3.437623
Annual_P_LT          1.0056372 1.0029412 1.008340
> 
> 
> ## plot survival curve
> ### mark right-censoring times
> ### this is the Turnbull estimator 
> fit <- survfit(time ~ Insects, data = rats2)
> plot(fit, xlab = "Time after carrion exposure [days]", ylab = "Probability of full decomposition", 
+      fun="event", lty=1:2, main="", cex.main=1.3, cex.lab=1.2, mark = "/")
> legend("bottomright", lty=2:1, 
+        legend=c("allowed", "excluded"), bty="n", title="   Insects", title.adj=0)
> 
> ### marginal distribution functions
> ## A function to evaluate the joint cdf of the response and the random effects:
> ## Takes a vector of random effect and covariates values, evaluates the conditional
> ## distribution at these values and multiplies it with the pdf of the random effects
> 
> jointCDF <- function(re, nd, mod) {
+   nd <- nd[rep(1, length(re)), ]
+   nd$PlotID <- seq(nrow(nd)) ## to take vector-valued REs
+   pr <- predict(mod, newdata = nd, ranef = re, type = "distribution") *
+     dnorm(re, 0, sd = sqrt(varcov(mod)[[1]][1, 1]))
+   c(pr)
+ }
> 
> 
> ## Marginalize the joint cdf by integrating out the random effects
> ## using adaptive quadratures
> marginalCDF <- function(nd, mod) {
+   nd$cdf <- integrate(jointCDF, lower = -Inf, upper = Inf, nd = nd, mod = mod)$value
+   nd
+ }
> 
> 
> ## Set up the grid on which we evaluate the marginal distribution
> nd <- x2[idx <- rep(1:2, each = 16),]
> nd$ID <- factor(idx) 
> nd$time <- 1:16 * 5 #### ~ between 5 and 80
> 
> ## Calls marginalCDF on each row of nd
> ## (done in parallel to speed up computations)
> 
> #mp <- parallel::mclapply(split(nd, seq(nrow(nd))),
> #                         marginalCDF, mod = cm4, mc.cores = 4)
> #mp <- do.call("rbind", mp)
> 
> #xyplot(cdf ~ time | ID, data = mp, type = "l")
> 
> 
> 
> 
> 
> 
> ###################################################
> 
> #### Dung decomposition #####
> 
> # data preparation
> 
> wisent$start_weight_dry <- as.numeric(wisent$start_weight_dry) # looks quite constant, not necessarily needed as offset
> 
> wisent[["Insects"]] <- factor(wisent[["Insects"]]) # 1: insect access; 0: no insects
> wisent[["Landscape"]] <- factor(wisent[["Landscape"]], 
+                                 levels = letters[1:3], 
+                                 labels = c("seminatural", "agriculture", "urban"))
> 
> wisent[["Habitat"]] <- factor(wisent[["Habitat"]], 
+                               levels = letters[1:4], 
+                               labels = c("forest", "meadow", "arable field", "settlement"))
> 
> wisent[["PlotID"]] <- factor(wisent[["PlotID"]])
> 
> 
> # exclude dung pats with increasing weight due to invertebrates inside the dung pat
> wisent<-subset(wisent,weight_loss<100) 
> 
> 
> ## gams family = gaussian 
> # 1) including elevation as a surrogate for macroclimate 
> # 2) including long-term temp. and precipitation as a surrogate for macroclimate
> 
> # 1) gam including elevation and local temperature (data logger)
> gam_dung <- gam(dung_dry ~ offset(log(start_weight_dry)+log(I(Duration/29))) + Insects + 
+                   Habitat +  Landscape  + average_Temp_DL_exp +
+                   s(elevation100)  + s(PlotID,bs="re")
+                 ,family = gaussian(link="log"), method = "REML", data=wisent)
> summary(gam_dung)

Family: gaussian 
Link function: log 

Formula:
dung_dry ~ offset(log(start_weight_dry) + log(I(Duration/29))) + 
    Insects + Habitat + Landscape + average_Temp_DL_exp + s(elevation100) + 
    s(PlotID, bs = "re")

Parametric coefficients:
                      Estimate Std. Error t value Pr(>|t|)   
(Intercept)          -0.713694   0.230635  -3.094  0.00225 **
Insectsyes            0.006185   0.014227   0.435  0.66423   
Habitatmeadow        -0.066006   0.046255  -1.427  0.15509   
Habitatarable field   0.005708   0.046721   0.122  0.90288   
Habitatsettlement    -0.036596   0.052941  -0.691  0.49018   
Landscapeagriculture  0.059924   0.042982   1.394  0.16476   
Landscapeurban       -0.025992   0.044475  -0.584  0.55958   
average_Temp_DL_exp   0.021981   0.015196   1.446  0.14957   
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Approximate significance of smooth terms:
                    edf  Ref.df     F p-value    
s(elevation100)   2.801   2.942 1.879  0.0969 .  
s(PlotID)       132.147 167.000 3.556  <2e-16 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

R-sq.(adj) =  0.606   Deviance explained = 81.3%
-REML = 1468.2  Scale est. = 102.66    n = 349
> 
> 
> # gam without offset(start_weight_dry)
> gam_dung1 <- gam(dung_dry ~ offset(log(I(Duration/29))) + Insects + 
+                    Habitat +  Landscape  + average_Temp_DL_exp +
+                    s(elevation100)  + s(PlotID,bs="re")
+                  ,family = gaussian(link="log"), method = "REML", data=wisent)
> summary(gam_dung1)

Family: gaussian 
Link function: log 

Formula:
dung_dry ~ offset(log(I(Duration/29))) + Insects + Habitat + 
    Landscape + average_Temp_DL_exp + s(elevation100) + s(PlotID, 
    bs = "re")

Parametric coefficients:
                      Estimate Std. Error t value Pr(>|t|)    
(Intercept)           3.971695   0.230529  17.229   <2e-16 ***
Insectsyes            0.006355   0.014230   0.447    0.656    
Habitatmeadow        -0.065891   0.046235  -1.425    0.156    
Habitatarable field   0.005860   0.046700   0.125    0.900    
Habitatsettlement    -0.036647   0.052917  -0.693    0.489    
Landscapeagriculture  0.060062   0.042963   1.398    0.164    
Landscapeurban       -0.025850   0.044456  -0.581    0.562    
average_Temp_DL_exp   0.021988   0.015189   1.448    0.149    
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Approximate significance of smooth terms:
                    edf  Ref.df     F p-value    
s(elevation100)   2.803   2.945 1.888  0.0963 .  
s(PlotID)       132.105 167.000 3.550  <2e-16 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

R-sq.(adj) =  0.606   Deviance explained = 81.3%
-REML = 1468.2  Scale est. = 102.7     n = 349
> 
> 
> # partial plot 
> plot(gam_dung, shade=TRUE, cex.lab=1.2, ylab="Partial effect (elevation)", xlab="Elevation [100m]", main="Dung (final dry weight)", cex.main=1.3, select=1, cex.lab=1.2) 
> text(2, 0.51, "A)", cex=1.5)
> 
> 
> # 2) gam including long-term temperature and precipitation
> # merge data frames wisent and climate to include long-term precipitation and temperature
> gam_dung2 <- gam(dung_dry ~ offset(log(start_weight_dry)+log(I(Duration/29))) + Insects + 
+                    Habitat +  Landscape  + Annual_T2AVG_LT + Annual_P_LT +
+                    s(PlotID,bs="re")
+                  ,family = gaussian(link="log"), method = "REML", data=wisent)
> summary(gam_dung2)

Family: gaussian 
Link function: log 

Formula:
dung_dry ~ offset(log(start_weight_dry) + log(I(Duration/29))) + 
    Insects + Habitat + Landscape + Annual_T2AVG_LT + Annual_P_LT + 
    s(PlotID, bs = "re")

Parametric coefficients:
                       Estimate Std. Error t value Pr(>|t|)  
(Intercept)          -4.242e-01  2.619e-01  -1.619   0.1069  
Insectsyes            3.889e-03  1.411e-02   0.276   0.7830  
Habitatmeadow        -6.044e-02  4.579e-02  -1.320   0.1883  
Habitatarable field  -8.404e-04  4.680e-02  -0.018   0.9857  
Habitatsettlement    -3.503e-02  5.146e-02  -0.681   0.4968  
Landscapeagriculture  4.015e-02  4.347e-02   0.924   0.3567  
Landscapeurban       -4.106e-02  4.265e-02  -0.963   0.3369  
Annual_T2AVG_LT       2.285e-02  2.441e-02   0.936   0.3504  
Annual_P_LT          -1.467e-04  8.523e-05  -1.722   0.0866 .
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

Approximate significance of smooth terms:
            edf Ref.df     F p-value    
s(PlotID) 138.4    171 3.852  <2e-16 ***
---
Signif. codes:  0 â��***â�� 0.001 â��**â�� 0.01 â��*â�� 0.05 â��.â�� 0.1 â�� â�� 1

R-sq.(adj) =  0.616   Deviance explained = 81.9%
-REML = 1509.3  Scale est. = 102.73    n = 357
> 
> 
> 
> AIC(gam_dung) #  for elevation as proxy for macroclimate
[1] 2714.377
> AIC(gam_dung2) # for long-term temp. + precip. as proxy for macroclimate
[1] 2775.368
> 
> sessionInfo()
R version 4.1.2 (2021-11-01)
Platform: x86_64-pc-linux-gnu (64-bit)
Running under: Ubuntu 20.04.3 LTS

Matrix products: default
BLAS:   /usr/local/lib/R/lib/libRblas.so
LAPACK: /usr/local/lib/R/lib/libRlapack.so

locale:
 [1] LC_CTYPE=en_US.UTF-8       LC_NUMERIC=C              
 [3] LC_TIME=de_CH.UTF-8        LC_COLLATE=en_US.UTF-8    
 [5] LC_MONETARY=de_CH.UTF-8    LC_MESSAGES=en_US.UTF-8   
 [7] LC_PAPER=de_CH.UTF-8       LC_NAME=C                 
 [9] LC_ADDRESS=C               LC_TELEPHONE=C            
[11] LC_MEASUREMENT=de_CH.UTF-8 LC_IDENTIFICATION=C       

attached base packages:
[1] parallel  stats     graphics  grDevices utils     datasets  methods  
[8] base     

other attached packages:
 [1] stargazer_5.2.2 sjPlot_2.8.10   coxme_2.2-16    bdsmatrix_1.3-4
 [5] tramME_0.1.2    tram_0.6-4      mlt_1.4-0       basefun_1.1-2  
 [9] variables_1.1-1 survival_3.2-13 mgcv_1.8-38     nlme_3.1-153   

loaded via a namespace (and not attached):
 [1] tidyr_1.1.4         splines_4.1.2       modelr_0.1.8       
 [4] Formula_1.2-4       datawizard_0.2.3    assertthat_0.2.1   
 [7] bayestestR_0.11.5   numDeriv_2016.8-1.1 pillar_1.6.4       
[10] backports_1.4.1     lattice_0.20-45     glue_1.6.1         
[13] quadprog_1.5-8      alabama_2015.3-1    minqa_1.2.4        
[16] colorspace_2.0-2    sandwich_3.0-1      Matrix_1.3-4       
[19] pkgconfig_2.0.3     broom_0.7.11        purrr_0.3.4        
[22] xtable_1.8-4        mvtnorm_1.1-3       scales_1.1.1       
[25] lme4_1.1-27.1       emmeans_1.7.2       tibble_3.1.6       
[28] generics_0.1.1      ggplot2_3.3.5       sjlabelled_1.1.8   
[31] ellipsis_0.3.2      TH.data_1.1-0       TMB_1.7.22         
[34] magrittr_2.0.1      crayon_1.4.2        effectsize_0.6.0.1 
[37] estimability_1.3    fansi_1.0.2         MASS_7.3-54        
[40] tools_4.1.2         lifecycle_1.0.1     multcomp_1.4-18    
[43] munsell_0.5.0       ggeffects_1.1.1     orthopolynom_1.0-5 
[46] compiler_4.1.2      rlang_0.4.12        grid_4.1.2         
[49] nloptr_1.2.2.3      coneproj_1.16       parameters_0.16.0  
[52] boot_1.3-28         gtable_0.3.0        codetools_0.2-18   
[55] sjstats_0.18.1      DBI_1.1.2           BB_2019.10-1       
[58] sjmisc_2.8.9        polynom_1.4-0       R6_2.5.1           
[61] zoo_1.8-9           knitr_1.37          dplyr_1.0.7        
[64] performance_0.8.0   utf8_1.2.2          insight_0.15.0     
[67] Rcpp_1.0.8          vctrs_0.3.8         tidyselect_1.1.1   
[70] xfun_0.29           coda_0.19-4        
> 
> proc.time()
   user  system elapsed 
 49.137   0.134  49.254
