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Introduction

Mushrooms in Spain

Deep-rooted tradition of mushroom picking and trade

Hundreds of tonnes of edible forest mushrooms are sold
annually in local markets, contributing to:

v' significant economic activity of several million euros

v’ settling the rural population to the forest environment

Mushroom production is often the main source of income
obtained from our forests




Introduction

Objectives

* Compile the existing dispersed mycological datasets to
develop a joint mushroom yield model for northern Spain in
Pinus sylvestris and Pinus pinaster stands

 Improve our understanding on how stand structure and
climate influence on wild mushrooms production

P. sylvestris Ppmaster




Data

Experlmental sites in P. sylvestris stands

Catalonia (700-1600m)
v" Pirineo mountains
v Pre-pirineo mountains
v" Central Catalonia
v' Pre-coast mountains

Palencia (985 m)

Q O e

|

Soria (1089-1159m) |
Mean 53,6 63,5 67,8 83,9 17,6 13,6 10,0 4,5
Catalonia Min 0,0 0,0 3,6 0,0 9,3 5,2 2,5 -3,5
Max 174,1 131,6 248,5 278,0 24,3 20,0 16,7 11,2
Mean 9,7 29,5 81,6 52,8 18,1 14,9 10,8 6,0
Palencia Min 0,4 3,0 39,4 23,2 17,2 13,2 9,0 3,6
Max 31,5 66,5 116,4 97,8 19,3 16,2 13,4 7,4
Mean 30,9 40,2 84,7 88,8 16,5 12,7 9,0 4,4
Soria Min 4,4 6,2 16,8 13,3 12,8 10,3 6,0 0,6
Max 83,0 104,5 238,0 292,2 19,5 17,3 14,2 8,7



Data

Experlmental sitesin P. pmaster stands

ﬁx Catalonia (600-1000m)
v' Pre-coast
Palenua (985 m) mountains

Valladolid 7oo 890 m) Soria (1089- 1559m)

— £\

Mean 14,7 61,5 72,6 106,2 21,0 17,1 13,4 8,1
Catalonia Min 0,0 0,0 6,7 8,8 18,3 14,4 9,5 4,3
Max 36,8 111,9 248,5 278,0 22,6 20,0 16,7 11,2

Mean 17,0 35,1 99,7 53,7 18,1 15,0 10,7 5,9

Palencia Min 0,4 3,0 39,4 11,8 16,5 13,2 9,0 3,6
Max 56,2 66,5 161,4 115,8 20,4 16,3 13,4 8,3

Mean 28,0 34,2 59,7 52,1 20,4 16,7 12,2 6,6

Soria Min 3,0 7,0 14,0 8,0 18,5 14,8 10,3 4,7
Max 101,0 79,0 128,0 138,0 22,9 18,2 14,7 9,3

Mean 15,4 25,5 55,8 43,4 20,9 17,5 12,8 7,6
Valladolid Min 0,0 0,0 17,6 7,8 18,2 15,3 8,6 4,3

Max 31,7 98,6 92,6 98,5 23,0 19,2 15,8 10,1



Data

Experimental sites

type

1997-2001

2
Catalonia 2007-2015 100 m
Pinus ) 2008, 2009 5
e Palencia 3 5015 3 100 m
Soria 21 1995-2015 18 150 m?2
Catalonia 8 2008-2015 13 100 m?2
Palencia 4 2003-2006 3 100 m?
Pinus
pinaster
Soria 16 1997-2015 14 150 m?
Valladolid 6 2006-2007 6 100 m?2

2011-2015



Data

Sample plots S,
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e (Catalonia sites: J “ “ N
\
v’ Ml: plotsof 10 m x 10 m ! \
v Fl: plots of 0.057 ha (mean area) | Mushroom 1,5 1
\ | mventory 1 I
. o N U
 Palencia and Valladolid sites: \ ” K
v' Ml: transects of 2 m x50 m ‘. Forest inTentory L/
v" Fl: plots of 30m x 80 m N () P

e Soria sites:




Data

Sampling

All the mushrooms with a cap diameter wider than 1 cm
were weekly collected

Classification and identification at the species level
(whenever possible)

Mean fresh weight production aggregated annually




Forest Type

Catalonia

Palencia

P. silvestris

Soria

Catalonia

Palencia

P. pinaster

Soria

Valladolid

Range
m

Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max

Mushroom vyield (kg ha? yr?)

113,5
0,0
829,8
228,5
8,6
489,8
121,0
0,0
804,6
86,2
0,0
481,6
186,2
0,8
729,0
97,2
0,0
633,6
188,5
2,8
648,5

76,4
0,0
740,1
128,4
2,1
365,0
74,3
0,0
449,0
74,9
0,0
459,5
60,7
0,1
391,0
39,3
0,0
486,6
53,5
0,0
369,0

42,5
0,0
690,5
52,9
0,0
213,8
52,7
0,0
411,0
37,1
0,0
452,2
15,1
0,0
179,1
12,7
0,0
386,3
20,2
0,0
257,3

Basal area

(m%ha™)

31,9
8,4
55,4
29,1
27,7
30,2
44,2
0,0
92,3
39,6
15,3
82,3
44,7
37,5
53,3
48,5
13,1
72,2
15,4
9,4
21,5

Data




Methods

Exploratory analysis

e Correlations analysis among the mushromms vyields,

stand and climate variables

e Principal component analysis (PCA) for exploring the
variability among plots with respect to

v" Mushrooms production

v" Climate variables



Methods

Modelling mushrooms production

e The annual mushroom yields were modelled as a function of:
v" Monthly total rainfall
v' Mean temperature
v Basal area
v" Thinning
e The available data have the following features:
v" Hierarchical structure: correlation
v Unbalanced
v" Occurrence of “zero” production in many sample plots



Methods

Hurdle models within GLMM

e Model the zeros and non-zeros as two separate processes

(Hamilton and Brickell,1983):

v" Probability of occurrence of mushroom production

1

m(x)

p(vij = 1|x) £ n(x) =

1+ e—[(a0+a0j)+aXij1]

glx) = log[ ] = (0(0 + aoj) + aX;j;

1—m(x)

v Mushroom vyield conditional on the probability of

mushroom occurrence

yieldy; &= eFotboix;

e Expected mushroom yield:

g(x) = log(ePorPoiX;in) = (Bo + bo;) + Blog(Xij2)

yield;; = p(y;; = 1|x) - yield;;




Methods

Model selection and evaluation

e Variance-covariance structure assessment: likelihood ratio test
e Biological sense, goodness-of-fit and predictive ability
v’ Coefficients statistically significant (p<0.05)
Bias: deviation from observed values
Roost mean square error (RMSE): precision of estimates

< XN X

Akaike’s information criterion (AIC): prevent overfitting

e Uncertainty analysis to ensure the stabilization of the estimates

v' Bootstrapping: residual variance, fixed -coefficients,
variance parameters

Logistic

v Receiver operating characteristics (ROC) curves
model

v" Area under ROC curves (AUC)



Results
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Temperature

Variable

Thinning
Basal Area

September
October

November
Aug+Sep

ug+Sep+Oct

September
October
November

|__Total | _Edible | Marketed

-0,03
-0,06
0,06
0,01
-0,01
0,12
0,16
0,23
0,08
0,04
0,25
0,22
0,02
-0,05
0,05
0,05
0,07

Exploratory analysis

0,03
0,04
-0,11
-0,05
0,03
0,03
-0,01
0,21
0,01
0,06
0,13
0,10
0,13
0,09
0,15
0,15
0,15

-0,14
0,10
0,13
0,11
-0,01
0,22
0,20
0,26
0,07
0,03
0,29
0,25
-0,08
-0,10
-0,08
-0,06
-0,04

Component 2 (18.48%)

Component 2 (18.48%)

Component 1 (50.59%)
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Results

Models

e Models were fitted considering:
v Year as random effect
v’ Species as fixed dummy variable

v Region as fixed dummy variables, considering four
regions Catalonia, Palencia, Valladolid and Soria



Results

Preliminary results

Model for marketed mushroomes:

_Predictor_| Parameter | Estimate |StandardError | tValue | Probt _

P.sylvestris

Thinning
Tm_oct

Qg
ay
a,
Bo
B,
B,
Bs
Bs
Bs

1,5079
-0,3107
-0,0186

1,8867

1,0287
0,0047

1,2131
0,0595
-0,0019

0,5129
0,1445
0,0024
0,4048
0,1353
0,0009
0,2855
0,0269
0,0003

2,9399
-2,1509
-7,6554
4,6610
7,6005
5,4603
4,2491
2,2136
-5,4193

0,0084
0,0446
0,0000
0,0002
0,0000
0,0000
0,0004
0,0393
0,0000

Year Year
Covar
Intercept| slope

1.49
(-26.31)

62.77
(71.08)

0.30 0.10

-0.15
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