
Pulses, Presses, and 
Nonlinear Response

Shripad Tuljapurkar
Harman Jaggi, Wenyun Zuo, Sam Gascoigne, Maja Kalin, Roberto Salguero-Gomez

Stanford University (Tulja lab)
Oxford University (Rob Salguer0-Gomez lab)





PRESS vs. PULSE ?

Simplest thing:

A PRESS

 IS JUST

A CONTINUED SERIES OF PULSES



Structured Population Model (LINEAR!)

Discrete time t
Population vector n(t)
Non-negative Matrix B

<latexit sha1_base64="bg5vvWw32QHvNhh25ZITbfoN9QQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17LoxmUF+4AmhMlk0g6dPJiZFEvor7hxoYhbf8Sdf+OkzUJbDwwczrmHe+f4KWdSWda3UVlb39jcqm7Xdnb39g/Mw3pXJpkgtEMSnoi+jyXlLKYdxRSn/VRQHPmc9vzxXeH3JlRIlsSPappSN8LDmIWMYKUlz6xnjlNzuA4E2LM0n9Q8s2E1rTnQKrFL0oASbc/8coKEZBGNFeFYyoFtpcrNsVCMcDqrOZmkKSZjPKQDTWMcUenm89tn6FQrAQoToV+s0Fz9nchxJOU08vVkhNVILnuF+J83yFR44+YsTjNFY7JYFGYcqQQVRaCACUoUn2qCiWD6VkRGWGCidF1FCfbyl1dJ97xpXzUvHy4arduyjiocwwmcgQ3X0IJ7aEMHCDzBM7zCmzEzXox342MxWjHKzBH8gfH5AxQ2ky4=</latexit> u

�0

v

S(table) S(tage) D(istribution)

Long-run Growth Rate = Dominant Eigenvalue

S(table) R(eproductive) V(alue)

<latexit sha1_base64="/m2tT88m8fFrwP8hemR1J5E/SxM=">AAAB+XicbZDLSgMxFIbP1Futt1GXbkKL0FIpM4KXjVDqxmUFe4FOKZk0bUMzmSHJFMrQt3DpxoUibn0Td30b08tCW38IfPznHM7J70ecKe04Uyu1sbm1vZPezeztHxwe2ccndRXGktAaCXkomz5WlDNBa5ppTpuRpDjwOW34w/tZvTGiUrFQPOlxRNsB7gvWYwRrY3VsW+R10S2gO1TxLgwXOnbOKTlzoXVwl5ArZ73i87Q8rnbsb68bkjigQhOOlWq5TqTbCZaaEU4nGS9WNMJkiPu0ZVDggKp2Mr98gs6N00W9UJonNJq7vycSHCg1DnzTGWA9UKu1mflfrRXr3m07YSKKNRVksagXc6RDNIsBdZmkRPOxAUwkM7ciMsASE23CypgQ3NUvr0P9suRel64eTRoVWCgNZ5CFPLhwA2V4gCrUgMAIXuAN3q3EerU+rM9Fa8pazpzCH1lfPyyslGk=</latexit>

n(t+ 1) = B n(t)

<latexit sha1_base64="W4Rrg+gfWXsktUCmD8omJllWdE4="></latexit>

B u = �0 u

vT B = �0 v
T

<latexit sha1_base64="ofTXvtvK48LlsiZV0P5Tq18GnkY=">AAACB3icbVC7SgNBFJ31GdfXqqUgg0GwkLAr+GjEoI1lBPOA7BJmZyfJkNkHM3cNYUln43fY2VgoYmtlbyP+jZNHoYkHLpw5517m3uMngiuw7W9jZnZufmExt2Qur6yurVsbmxUVp5KyMo1FLGs+UUzwiJWBg2C1RDIS+oJV/c7lwK/eMql4HN1AL2FeSFoRb3JKQEsNa8ft8oC1CWRpH7sHruStNhAp465+4bRh5e2CPQSeJs6Y5M8/zLPk4cssNaxPN4hpGrIIqCBK1R07AS8jEjgVrG+6qWIJoR3SYnVNIxIy5WXDO/p4TysBbsZSVwR4qP6eyEioVC/0dWdIoK0mvYH4n1dPoXnqZTxKUmARHX3UTAWGGA9CwQGXjILoaUKo5HpXTNtEEgo6OlOH4EyePE0qhwXnuHB0beeLF2iEHNpGu2gfOegEFdEVKqEyougOPaJn9GLcG0/Gq/E2ap0xxjNb6A+M9x/rwpxX</latexit>

bu ! uNON-STABLE STAGE 
DISTRIBUTION

SSD    AS TIME GOES 
BY



<latexit sha1_base64="Sk02hWLajTvtDMztFw4yOQPiUlk=">AAAB9HicbVDLSgNBEOyNrxhfUY+KDAbBg4RdwcdFCHrxmEBekKxhdjKbDJmdXWdmAyHk6Dd48aCIV8/5Dm9+gz/hbJKDRgsaiqpuuru8iDOlbfvTSi0sLi2vpFcza+sbm1vZ7Z2qCmNJaIWEPJR1DyvKmaAVzTSn9UhSHHic1rzeTeLX+lQqFoqyHkTUDXBHMJ8RrI3kllo2ukJx86R/V860sjk7b0+A/hJnRnKF/XHp6+FgXGxlP5rtkMQBFZpwrFTDsSPtDrHUjHA6yjRjRSNMerhDG4YKHFDlDidHj9CRUdrID6UpodFE/TkxxIFSg8AznQHWXTXvJeJ/XiPW/qU7ZCKKNRVkusiPOdIhShJAbSYp0XxgCCaSmVsR6WKJiTY5JSE48y//JdXTvHOePyuZNK5hijTswSEcgwMXUIBbKEIFCNzDIzzDi9W3nqxX623amrJmM7vwC9b7N1G6lDk=</latexit>

Q0 = u vT

<latexit sha1_base64="OdaJPIRUKPHgToRy/imiEVOvHpg="></latexit>

Q1 =

✓
B

�0
�Q0

◆

<latexit sha1_base64="qJ0YSwCfI4RLtYiTHPeVYsKyC7M="></latexit> ✓
B

�0

◆
= Q0 +Q1

STABLE PART

UNSTABLE PART

ADD!



ANY NON-STABLE STAGE 
DISTRIBUTION CAN BE 
DECOMPOSED

Stable Bit

UNStable Bit

Perpendicular

<latexit sha1_base64="KBJEXok7V1l3rbO+4Fup0gxTltA="></latexit> ✓
Bt

�t
0

◆
bu = ku+Qt

1 u?
POPULATION DYNAMICS 

TRANSIENT PART

<latexit sha1_base64="7ZbwM60Edav5mG3aF6O4SY8rmJI="></latexit>

bu = k u+ u?,

Q0 u? = [u vT ]u? = 0



PULSE!
START AT SSD, 
 PULSE AT t=0
  ENDS AT t=1

<latexit sha1_base64="TANAIKV5e4x532tS9pciskaEKwk=">AAACAHicbVDLSgMxFM3UV1tfoy5cuAkWQVDKjOBjWaoLlxXsAztDyaSZNjSTDElGLUM3/oVrNy6U4tbPcOfXaPpYaPXAhZNz7iX3niBmVGnH+bQyc/MLi0vZXH55ZXVt3d7YrCmRSEyqWDAhGwFShFFOqppqRhqxJCgKGKkHvfORX78lUlHBr3U/Jn6EOpyGFCNtpJa9XYbeoSdpp6uRlOLOvMrwAF607IJTdMaAf4k7JYVSLn68Gd5/VVr2h9cWOIkI15ghpZquE2s/RVJTzMgg7yWKxAj3UIc0DeUoIspPxwcM4J5R2jAU0hTXcKz+nEhRpFQ/CkxnhHRXzXoj8T+vmejwzE8pjxNNOJ58FCYMagFHacA2lQRr1jcEYUnNrhB3kURYm8zyJgR39uS/pHZUdE+Kx1cmjTKYIAt2wC7YBy44BSVwCSqgCjAYgCfwAl6tB+vZGlpvk9aMNZ3ZAr9gvX8DJp6YkQ==</latexit>

B ! B +D

start with NOT-STABLE POPULATION AT t=1 

<latexit sha1_base64="EAVnZusYgUg6DoK0b4R+YlJ5M5w=">AAACAHicbVDJSgNBEO2JW4zbqAcPXpoEIRIJM4LLRQh68RjBLJAZhp5OT9KkZ6EXYRjm4jf4B148KOLVz/CWv7GzHDT6oODxXhVV9fyEUSEta2wUlpZXVteK66WNza3tHXN3ry1ixTFp4ZjFvOsjQRiNSEtSyUg34QSFPiMdf3Qz8TsPhAsaR/cyTYgbokFEA4qR1JJnHqiqfQyv4Mg5UbAGlZc5CeFJ7pkVq25NAf8Se04qjbJTexo30qZnfjn9GKuQRBIzJETPthLpZohLihnJS44SJEF4hAakp2mEQiLcbPpADo+00odBzHVFEk7VnxMZCoVIQ193hkgOxaI3Ef/zekoGl25Go0RJEuHZokAxKGM4SQP2KSdYslQThDnVt0I8RBxhqTMr6RDsxZf/kvZp3T6vn93pNK7BDEVwCMqgCmxwARrgFjRBC2CQg2fwCt6MR+PFeDc+Zq0FYz6zD37B+PwGDbWXzA==</latexit>

u(1) = k u+ u?

ONLY for 
one period

<latexit sha1_base64="4FNS54d2fTvP5nRyfZYr6Yjznv0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAlCJBJ2BS+NELSxTMBcILsus5PZZMjshZmzQljS2tj6GDYWitj6BnZ5GyeXQhN/GPj4zzmcOb8XC67ANEfG0vLK6tp6ZiO7ubW9s5vb22+oKJGU1WkkItnyiGKCh6wOHARrxZKRwBOs6fVvxvXmA5OKR+EdDGLmBKQbcp9TAtpyczgpQsk6xle4b58kuIRr9+BaGt3UjpmMh26uYJbNifAiWDMoVPJ26XlUGVTd3LfdiWgSsBCoIEq1LTMGJyUSOBVsmLUTxWJC+6TL2hpDEjDlpJNLhvhIOx3sR1K/EPDE/T2RkkCpQeDpzoBAT83XxuZ/tXYC/qWT8jBOgIV0ushPBIYIj2PBHS4ZBTHQQKjk+q+Y9ogkFHR4WR2CNX/yIjROy9Z5+aym07hGU2XQIcqjIrLQBaqgW1RFdUTRI3pBb+jdeDJejQ/jc9q6ZMxmDtAfGV8/9NSbAA==</latexit>

u(t+ 1) = k u+Qt
1 u?



u 0

u⊥

Q1u⊥

Q2
1u⊥

Time 0  u0 +u⊥

Time 1
Time 2  u0 +Q2

1u⊥

Eventually u0

 u0 +Q1u⊥

. . .
. . .

Ag
e 

cla
ss

 i

Time
0
 1
 2
 …



u0[i]

A B C







PRESS!
START AT SSD, 
 PULSE AT t=0, 1, 2, ...
  DOES NOT END

Known: long-run growth rate changes to 

for 
ever

<latexit sha1_base64="QCFdktxVb4pd790A03VVs/SDR7o=">AAACEXicbVDLSgMxFM3UV62vqks3F4tQUcqM+NoIRV24rNAXdMaSSdM2NJMZkkyhlP6CG3/FjQtF3Lpz59+YtrPQ1gOBwzn3cHOPH3GmtG1/W6mFxaXllfRqZm19Y3Mru71TVWEsCa2QkIey7mNFORO0opnmtB5JigOf05rfuxn7tT6VioWirAcR9QLcEazNCNZGambzbhDDlctNooWbNhyBSyPFeCgA3GPI9x/KALcQHzazObtgTwDzxElIDiUoNbNfbiskcUCFJhwr1XDsSHtDLDUjnI4ybqxohEkPd2jDUIEDqrzh5KIRHBilBe1Qmic0TNTfiSEOlBoEvpkMsO6qWW8s/uc1Yt2+9IZMRLGmgkwXtWMOOoRxPdBikhLNB4ZgIpn5K5AulphoU2LGlODMnjxPqicF57xwdn+aK14ndaTRHtpHeeSgC1REd6iEKoigR/SMXtGb9WS9WO/Wx3Q0ZSWZXfQH1ucPth2aZw==</latexit>

µ = �0 + ✏ (vTDu)

<latexit sha1_base64="j7oA/c3pJCT2hxLn0scUq0QgJww=">AAACDHicbVDLSgMxFM34bOur6tJNsAiCUmYEH8tSXbisYB/YGUomTdvQTBKSjFqGfoAb935FNy4UcesHuPNrNH0stPVA4Nxz7uXmnlAyqo3rfjlz8wuLS8updGZldW19I7u5VdEiVpiUsWBC1UKkCaOclA01jNSkIigKGamG3fOhX70lSlPBr01PkiBCbU5bFCNjpUY2V4T+oa9ou2OQUuLOVkV4AH0iNWWC2xJe2C43744AZ4k3IblCWj7dDO6/S43sp98UOI4IN5ghreueK02QIGUoZqSf8WNNJMJd1CZ1SzmKiA6S0TF9uGeVJmwJZR83cKT+nkhQpHUvCm1nhExHT3tD8T+vHpvWWZBQLmNDOB4vasUMGgGHycAmVQQb1rMEYUXtXyHuIIWwsfllbAje9MmzpHKU907yx1c2jSIYIwV2wC7YBx44BQVwCUqgDDB4AAPwAl6dR+fZeXPex61zzmRmG/yB8/EDlBCdJw==</latexit>

B ! B + ✏D



Start with SSD at t=0

<latexit sha1_base64="0c3SKyXiRLjj0Cz7a2H0gEst5OA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahKpZEULsRiy50JRXsA5pYJtNJO3TyYGYi1hBw46+4caGIWz9Cd678FaePhbYeuHA4517uvccJGRXSML601MTk1PRMejYzN7+wuKQvr1REEHFMyjhgAa85SBBGfVKWVDJSCzlBnsNI1emc9vzqDeGCBv6V7IbE9lDLpy7FSCqpoa9ZLkc4vsiZW0lseVECj2AEd+Dd9XZDzxp5ow84TswhyRaPvz9udwtnpYb+aTUDHHnEl5ghIeqmEUo7RlxSzEiSsSJBQoQ7qEXqivrII8KO+z8kcFMpTegGXJUvYV/9PREjT4iu56hOD8m2GPV64n9ePZJuwY6pH0aS+HiwyI0YlAHsBQKblBMsWVcRhDlVt0LcRioUqWLLqBDM0ZfHSWUvbx7k9y9VGidggDRYBxsgB0xwCIrgHJRAGWBwDx7BM3jRHrQn7VV7G7SmtOHMKvgD7f0H1RiZXQ==</latexit>

N(1)

µ
= u+ z⇤

<latexit sha1_base64="7n23s/msUXs4fUgFwYlGFYPnkyg=">AAAB73icbVDJSgNBEK2JW4xb1KOXJkGICGEm4HIRgl48SQSzQDKEnk5P0qSnZ+zuEYYhPyGCB0W8+jve8jd2loMmPih4vFdFVT0v4kxp2x5bmZXVtfWN7GZua3tndy+/f9BQYSwJrZOQh7LlYUU5E7Sumea0FUmKA4/Tpje8mfjNJyoVC8WDTiLqBrgvmM8I1kZq3ZXsE3SF4m6+aJftKdAyceakWC10Tl/G1aTWzX93eiGJAyo04ViptmNH2k2x1IxwOsp1YkUjTIa4T9uGChxQ5abTe0fo2Cg95IfSlNBoqv6eSHGgVBJ4pjPAeqAWvYn4n9eOtX/ppkxEsaaCzBb5MUc6RJPnUY9JSjRPDMFEMnMrIgMsMdEmopwJwVl8eZk0KmXnvHx2b9K4hhmycAQFKIEDF1CFW6hBHQhweIY3eLcerVfrw/qctWas+cwh/IH19QP++ZGg</latexit>

N(0) = u

A pulse at time t=0

The added bit is 
PERPENDICULAR

<latexit sha1_base64="uA5Vg3KHh7dKNV2u9rrsXZvLTGs="></latexit>

z⇤ = (I �Q0)
D

�0
u



<latexit sha1_base64="nAXTnu8qbzKANDJGC9E0otcP8gI=">AAACFXicbZDLSsNAFIYn3q23qks3B4tQbSlJ8bYRRDcuW7C20KRlMp3o4GQSZiZCDXkJN76KGxeKuBXc+TZOaxfa+sPAx3/O4cz5/ZgzpW37y5qanpmdm19YzC0tr6yu5dc3rlSUSEIbJOKRbPlYUc4EbWimOW3FkuLQ57Tp354P6s07KhWLxKXux9QL8bVgASNYG6ubLwOAG0hMUlGs7mapGyadagZwAgmUAO47eyWodx23bCjXzRfsij0UTIIzggIaqdbNf7q9iCQhFZpwrFTbsWPtpVhqRjjNcm6iaIzJLb6mbYMCh1R56fCqDHaM04MgkuYJDUP390SKQ6X6oW86Q6xv1HhtYP5Xayc6OPZSJuJEU0F+FgUJBx3BICLoMUmJ5n0DmEhm/grkBpuMtAlyEIIzfvIkXFUrzmHloL5fOD0bxbGAttA2KiIHHaFTdIFqqIEIekBP6AW9Wo/Ws/Vmvf+0TlmjmU30R9bHN802mtM=</latexit>

n(2)

µ2
= u+ z⇤ +Q1 z

⇤

<latexit sha1_base64="Q2XOPy8v3K1l8UTcG3gkZAb2dwY="></latexit>

n(t)

µt
= u+ z⇤ +Q1 z

⇤ + · · ·+Qt�1
1 z⇤

Another pulse at 
time t=1

and so on ...

Yet another pulse 
at time t-1



<latexit sha1_base64="fdadBFjU3R/6aztw9SB3WlCjO9k="></latexit>

J0 =
1

�0
(I �Q1)

�1 (I �Q0)

<latexit sha1_base64="XIwAwKcLWfjK6UHbrMmKrHfXMnk=">AAAB9HicbVDJSgNBEK1xjXGLCl68NAZBMIQZweUYogfxlIBZIDOEnk4nadLTM3b3BMKQ7/DiQRGP+hV+gTcvfoud5aCJDwoe71VRVc+POFPatr+shcWl5ZXV1Fp6fWNzazuzs1tVYSwJrZCQh7LuY0U5E7Simea0HkmKA5/Tmt+7Gvm1PpWKheJODyLqBbgjWJsRrI3kxegE3TZtN3ft5uJmJmvn7THQPHGmJFvYL3+zt+JHqZn5dFshiQMqNOFYqYZjR9pLsNSMcDpMu7GiESY93KENQwUOqPKS8dFDdGSUFmqH0pTQaKz+nkhwoNQg8E1ngHVXzXoj8T+vEev2pZcwEcWaCjJZ1I450iEaJYBaTFKi+cAQTCQztyLSxRITbXJKmxCc2ZfnSfU075znz8omjSJMkIIDOIRjcOACCnADJagAgXt4gCd4tvrWo/VivU5aF6zpzB78gfX+AzLFlCU=</latexit>

u+ J0 Du

EFFECT OF PRESS =
CUMULATIVE EFFECT 
OF REPEATED PULSES

EFFECT OF PRESS:
FINAL POPULATION 
STRUCTURE



  u0 +z* +Q1z*

u′ 0[i]

u 0

Q1z*

Time 0 u0

Time 1  u0 +z*
Time 2

Eventually u0 + J0Du0 ≡ u′ 0

. . .
. . .

z* = (I − Q0)
D
λ0

u0

Ag
e 

cla
ss

 i

Time
0
 1
 2
 …



u0[i]

A B C

z*
 a

t t
im

e 
2

u′
 0







DENSITY-DEPENDENT MODELS WITH ONE EQUILIBRIUM: ONE OR MANY SPECIES

<latexit sha1_base64="Oq6wZOUmjMNxdtrwxHwGUEiqZJs=">AAACBnicbVDLSgMxFM3UV62vUZcihBahpVJmBB8boerGZQX7gE4pmTRtQzOZIbkjlNKVGz/An3DjQhG3foO7/o3pY6GtB+7lcM69JPf4keAaHGdkJZaWV1bXkuupjc2t7R17d6+iw1hRVqahCFXNJ5oJLlkZOAhWixQjgS9Y1e/djP3qA1Oah/Ie+hFrBKQjeZtTAkZq2ocyC3k3hy/xVdaDLgNyjGUOe6ZnIde0M07BmQAvEndGMsW0l38eFfulpv3ttUIaB0wCFUTruutE0BgQBZwKNkx5sWYRoT3SYXVDJQmYbgwmZwzxkVFauB0qUxLwRP29MSCB1v3AN5MBga6e98bif149hvZFY8BlFAOTdPpQOxYYQjzOBLe4YhRE3xBCFTd/xbRLFKFgkkuZENz5kxdJ5aTgnhVO70wa12iKJDpAaZRFLjpHRXSLSqiMKHpEL+gNvVtP1qv1YX1ORxPWbGcf/YH19QMHrJin</latexit>

n(t+ 1) = A(✓, n)n(t)

<latexit sha1_base64="JDky8Hjk/XcmEx07rKzry/IdHVE=">AAACFXicbZDLSgMxFIYz9V5vVZdugiJ4KWVG8LIRWt24rGBV6LQlk562oZnMmJwRSulLiOCruHGhiFvBXd/GtHWh1h8CX/5zDsn5g1gKg67bd1ITk1PTM7Nz6fmFxaXlzMrqlYkSzaHEIxnpm4AZkEJBCQVKuIk1sDCQcB20zwb16zvQRkTqEjsxVELWVKIhOENr1TLZwraPLUCWpaq6u0N9uE3EHS1Ud6nvp61FT0aXrOVaZtPNuUPRcfC+YTO/4e899POdYi3z6dcjnoSgkEtmTNlzY6x0mUbBJfTSfmIgZrzNmlC2qFgIptIdbtWjW9ap00ak7VFIh+7PiS4LjemEge0MGbbM39rA/K9WTrBxXOkKFScIio8eaiSSYkQHEdG60MBRdiwwroX9K+UtphlHG2TahuD9XXkcrvZz3mHu4MKmcUpGmiXrZINsE48ckTw5J0VSIpzckyfyQl6dR+fZeXPeR60p53tmjfyS8/EFLc2eCQ==</latexit>

A(✓, n⇤) ⌘ A⇤

n⇤ = A⇤ n⇤

<latexit sha1_base64="OpC2M/vznO68osnIsba23rNaUjA="></latexit>

n(t) = n⇤ + ✏y(t)
y(t+ 1) = [A⇤ + bC] y(t)

MODEL

EQUILIBRUM

LOCALLY STABLE



<latexit sha1_base64="/NX2Cc30LNKm+L69HZEx6+b5UzY=">AAACGXicbVDLSgMxFM34rPVVdalIUARBKTOCj2XRjUsLtgqdUjLpbSeYSYbkjlJKl/6CG3/EhRsXirjUld/gT5i2LnwduHByzr3k3hOlUlj0/XdvZHRsfGIyN5Wfnpmdmy8sLFatzgyHCtdSm/OIWZBCQQUFSjhPDbAkknAWXRz1/bNLMFZodYqdFOoJayvREpyhkxoFP8QYkNFwm4ZGtGNkxuirwXNobNEQUiukVuF2mMaiUVj3i/4A9C8Jvsh6aeWu/HG9enfSKLyGTc2zBBRyyaytBX6K9S4zKLiEXj7MLKSMX7A21BxVLAFb7w4u69ENpzRpSxtXCulA/T7RZYm1nSRynQnD2P72+uJ/Xi3D1kG9K1SaISg+/KiVSYqa9mOiTWGAo+w4wrgRblfKY2YYRxdm3oUQ/D75L6nuFIO94m7ZpXFIhsiRZbJGNklA9kmJHJMTUiGc3JB78kievFvvwXv2XoatI97XzBL5Ae/tE7wqozs=</latexit>

✓ ! ✓ + ✏ �

<latexit sha1_base64="5iV15lo+Ugn4nQWq1qhrLDapkpE="></latexit>

n⇤ + ✏x⇤

x⇤ = {I � [A+ bC]}�1 eCn⇤

PULSE

NEW 
EQUILIBRIUM



Measures
<latexit sha1_base64="JvbC5/o8bFUJSWgucGhrfWhTPHA="></latexit>

P (t, n) =

Z
dmK(n|m)P (t� 1,m)

P (t) = L[P (t� 1)]

P ⇤ = L[P ⇤]

P* IS LOCALLY STABLE!






















